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PLANT BREEDING DIVISION
Research Highlights 
Rice 
The iron rich mutant line RC-2-4-1-2 matured 5-10 days earlier than BRRI dhan 49 in the T. aman season and produced average yield of 4.48 tha-1 and maximum yield of 5.5 t ha-1 over 10 locations. The NERICA mutant N10-40(C)-1-5took 88-115 days to mature in T.aman season and produced average yield of 3.95 tha-1 and the maximum yield of 5.9 tha-1 under direct seeding and rainfed conditions over  seven locations. The same mutant matured in 91-107 days in the following Aus season and produced average yield of 3.61 tha-1 and maximum yield of 5.0 tha-1 under the same conditions as applied in T. aman season. The deep water rice mutants LD-200-1-3-2 and LD-200-13-3 can grow upto 3.0 m with rising water and produced significantly higher yield than the parent Luxmidigha in T. aman season. Two M4 populations derived by irradiating the seeds of Kasalath with 60 Gy and 80Gy doses of carbon ion beams matured in 135 days and produced 8.9 and 7.5 tha-1 of grain yield. The mutant RM (2)-40(C)-1-1-10 released as Binadhan-18 for Boro season by the National Seed Board (NSB) of Bangladesh in 2015.  Binadhan-18 matures 13-15 days earlier than BRRI dhan29 and produces average yield of 7.25 tha-1and maximum yield of 10.5 tha-1. The mutant RM (2)-40(C)-4-2-8 with premium quality grain matured in 137-144 days in Boro season and produced average yield of 5.81 tha-1 and maximum yield of 6.97 tha-1 over five locations.
NERICA mutant, N4/350/P-4(5) matured 100-105 days in Aus season and produced average grain yield of 5.0 to 5.5 tha-1 at different agro-ecological zones. Another NERICA mutant, N10/350/P-5-4 was selected based on early maturity, long fine grain and higher seed yield for Aus and Aman season. One dual tolerant (saltol and submergence tolerant) rice line have been selected and will be applied to the National Seed Board soon. Some other advanced lines were selected having earliness, higher grain yield and disease tolerant from advanced and preliminary yield trials. 
Wheat
The salt tolerant mutant line L-880-43 has been released as Binagom-1 by the National Seed Board (NSB) on 9 October 2016 for cultivation in the saline and non- saline areas of Bangladesh. Binagom-1 can tolerate 12 dSm-1 salinity during vegetative to maturity stages  and produces average yield of 2.9 tha-1 and maximum yield of 3.5 tha-1 in saline area but in non-saline soil it produces average yield of 3.8 tha-1  and maximum yield of  4.2 tha-1. Moreover, 55 heat tolerant M2 progenies have been selected based on significantly higher grain yield plant-1 than the parents.
Groundnut
 Nine M4 mutants with significantly higher pod yield than the most popular variety Binachinabadam-4 have been selected. Moreover, 17 M2 populations have been selected from 282 Gy dose of gamma ray irradiated salt tolerant Binachinabadam-6 based on higher pod yield plant-1.
Rapeseed-Mustard 
Three mustard mutants having higher seed yield were selected for further evaluation. Other three rapeseed mutants were also identified with higher seed yield and shorter maturity period. In addition, some early generation mutants/lines having higher seed yield potentials were also selected for further evaluation in subsequent generations. 
Sesame 
One mutant (SM-09) was registered as Binatil-4 by the National Seed Board of Bangladesh. Two other mutants were selected based on their better performance in respect of seed yield and at least one of them is expected to be registered as varieties after further evaluation both in research and farmers’ field. In addition, there were some other mutants at various generations which need further evaluated in the next cropping season.
Soybean 
Two mutants (SBM-18 and SBM-22) were selected based on their better performance in respect of seed yield. At least one of them is expected to be registered as variety after further evaluation both in research and farmers’ fields. In addition, there are some other mutants at various generations, which will be evaluated in the next growing season.
Mungbean
One mutant (MBM-347-13) performed well in respect of earliness, bolder seed size and higher seed yield at different agro-ecological zones. Application will be made to the NSB for registration as a variety. Two other mutants also found promising were selected for earliness, seed yield and tolerance to diseases which will be evaluated further in the next growing season.
Chickpea
Two chickpea mutants, CPM-Kabuli having cream seed coat colour, bolder seed size and higher seed yield (1.7 tha-1) and CPC-8-400 having straw seed coat colour, bolder seed size and higher seed yield (1.8 tha-1) were registered by National Seed Board of Bangladesh as Binasola-9 and Binasola-10, respectively. Two desirable mutant lines were selected for earliness, bolder seed size and higher seed yield which will be further evaluated in the next growing season. 
Lentil
 A drought tolerant promising line LG-208 has been registered as variety, Binamasur-10 in   2016. Besides this, three selected mutants performed well in respect of seed yield.  
Blackgram
Three desirable mutant lines were selected for higher seed yield. 
Grasspea
Some mutants were selected for higher yield and further evaluation will be made for           desirable mutants in the next season.
Jute
Twenty eight M2 plants were selected based on taller plant, broader base diameter and with no branching habit.
Onion
The summer onion mutants BP2/100/2 and BP2/75/2 produced significantly higher bulb yield in Kharif-II season and also produced higher seed yield during winter season than BARI Piaz-3.



RICE
T. AMAN
Field evaluation of a high yielding iron rich mutant line 
This experiment was carried out with a high yielding and iron rich mutant, RC-2-4-1-2 derived by crossing with a mutant of Vietnam and Binadhan-7. BRRI dhan49 was used as the check variety. Seeds were sown during 06 July to 11 July 2015 and transplanted during 28 July to 4 August 2015 at different locations (Table 1). The experiment followed RCB design with four replications. The size of the unit plots were 5.0 m × 6.0 m. Seedlings were transplanted at 15 cm distance within rows of 20 cm apart. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. Data on plant height, number of effective tiller, panicle length, and filled and unfilled grains panicle-1 were recorded after harvest from 5 randomly selected competitive plants. Maturity was assessed plot basis. Grain yield was recorded from an area of 10.0 m2 which was later converted to tha-1. Finally, all the recorded data were subjected to proper statistical analyses and are presented in Table 2.
Table 1. Date of sowing and transplanting of the higher iron containing and high yielding F9 line and check variety at different locations of Bangladesh

	Location
	Date of sowing
	Date of transplanting
	Seedling age
(days)

	BINA HQ farm, Mymensingh
	7 July 2015
	4 August 2015
	28

	Farmer’s field ,Mymensingh
	7 July 2015
	2 August 2015
	26

	BINA sub-station farm, Comilla
	11 July 2015
	30 July 2015
	19

	Farmer’s field at Comilla
	11 July 2015
	2 August 2015
	22

	BINA sub-station farm, Jamalpur
	10 July 2015
	2 August 2015
	23

	Farmer’s field at Jamalpur
	10 July 2015
	4 August 2015
	25

	BINA sub-station farm, Nalitabari
	6 July 2015
	28 July 2015
	22

	Farmer’s field at Nalitabari
	6 July 2015
	28 July 2015
	22

	BINA sub-station farm, Rangpur
	7 July 2015
	4 August 2015
	28

	Farmer’s field, Rangpur
	7 July 2015
	4 August 2015
	28


It appears that the line RC-2-4-1-2 matured 5-10 days earlier than BRRI dhan49 at all the locations (Table 2). At Rangpur and Mymensingh farmer’s filed, it matured 10 days earlier. The line RC-2-4-1-2 had significantly taller plant height than the check variety BRRI dhan49 at all locations. The effective tiller number was higher in the line RC-2-4-1-2 at 7 locations but the differences were significant at Comilla and Rangpur sub-stations and Nalitabari farmer’s field only. Highest number of effective tiller was found at Rangpur sub-station followed by Nalitabari farmer’s field and Nalitabari sub-station and the lowest was found at Rangpur farmer’s field. The line RC-2-4-1-2 had significantly longer panicle than BRRI dhan49 at all locations.  Longest panicle was found at Nalitabari farmer’s field followed by Nalitabari sub-station. The line RC-2-4-1-2 had higher number of filled grains panicle-1 but the differences were not significant. In case of unfilled grain panicle-1 the check variety had higher number of unfilled grains at Comilla and Rangpur sub-stations and farmer’s fields at Nalitabari and Rangpur. 
	
Table 2.  Yield and yield attributes of a higher iron containing and high yielding line along with BRRI dhan49
	Variety/Line
	Days to maturity
	Plant height (cm)
	Effective tiller plant-1 (no.)
	Panicle length (cm)
	Filled grain
Panicle-1 (no.)
	Unfilled grain
Panicle-1 (no.)
	Yield (tha-1)

	Mymensingh HQ

	RC-2-4-1-2
	128
	115.10
	8.20
	27.40
	108.4
	28.55
	5.00

	BRRI dhan49
	133
	102.85
	8.05
	22.85
	120.0
	15.05
	4.10

	LSD(0.05)
	
	9.40
	NS
	1.50
	NS
	3.00
	0.72

	Mymensingh farmer’s field

	RC-2-4-1-2
	128
	113.15
	5.35
	26.3
	106.4
	23.10
	2.90

	BRRI dhan49
	138
	100.75
	5.80
	22.55
	97.80
	23.75
	3.10

	LSD(0.05)
	
	11.50
	NS
	2.10
	NS
	NS
	NS

	Comilla sub-station

	RC-2-4-1-2
	124
	108.80
	10.35
	27.35
	108.2
	13.50
	4.60

	BRRI dhan49
	
	100.25
	8.35
	20.85
	96.70
	22.75
	3.68

	LSD(0.05)
	
	5.60
	1.80
	1.20
	5.60
	NS
	0.34

	Comilla farmer’s field

	RC-2-4-1-2
	127
	113.8
	7.75
	27.95
	99.60
	18.95
	3.2

	BRRI dhan49
	
	99.20
	7.60
	20.70
	90.40
	18.10
	3.0

	LSD(0.05)
	
	8.00
	NS
	0.91
	NS
	NS
	NS

	Jamalpur sub-station

	RC-2-4-1-2
	125
	114.4
	9.25
	28.4
	123.75
	26.5
	5.00

	BRRI dhan49
	131
	103.5
	9.20
	22.9
	120.6
	21.55
	4.80

	LSD(0.05)
	
	5.60
	NS
	1.20
	NS
	4.70
	NS

	Jamalpur farmer’s field

	RC-2-4-1-2
	125
	116.75
	6.50
	25.95
	108.70
	24.80
	3.20

	BRRI dhan49
	131
	101.75
	8.50
	21.40
	98.60
	23.15
	3.50

	LSD(0.05)
	
	5.40
	1.50
	2.50
	NS
	NS
	NS

	Nalitabari sub-station

	RC-2-4-1-2
	127
	115.90
	11.25
	27.75
	125.5
	30.0
	5.50

	BRRI dhan49
	135
	103.95
	10.40
	21.70
	115.65
	24.20
	5.50

	LSD(0.05)
	
	11.20
	NS
	0.62
	8.00
	NS
	NS

	Nalitabari farmer’s field

	RC-2-4-1-2
	129
	117.15
	11.70
	28.0
	111.20
	20.55
	5.20

	BRRI dhan49
	135
	105.15
	9.80
	20.0
	122.45
	25.00
	4.85

	LSD(0.05)
	
	1.72
	1.80
	4.40
	NS
	NS
	0.31

	Rangpur sub-station

	RC-2-4-1-2
	136
	127.95
	12.20
	25.6
	133.80
	19.95
	7.18

	BRRI dhan49
	146
	105.00
	10.90
	22.25
	146.15
	20.40
	5.40

	LSD(0.05)
	
	6.40
	0.97
	1.40
	NS
	NS
	0.63

	Rangpur farmer’s field

	RC-2-4-1-2
	130
	114.45
	5.40
	27.00
	103.10
	17.85
	3.00

	BRRI dhan49
	140
	99.55
	9.85
	20.95
	124.05
	22.60
	3.08

	LSD(0.05)
	
	3.89
	0.86
	1.60
	12.00
	NS
	NS

	Combined means over 10 locations

	RC-2-4-1-2
	-
	115.75
	8.80
	27.20
	112.87
	22.38
	4.48

	BRRI dhan49
	-
	102.16
	8.85
	21.62
	113.24
	21.66
	4.10

	LSD(0.05) for variety × location
	
	4.04
	1.10
	1.15
	11.00
	4.80
	0.25


* (NS - not significant)
Finally, grain yield of the line RC-2-4-1-2 was higher at all locations than BRRI dhan49 except Mymensingh, Jamalpur and Rangpur farmer’s field. Highest yield was found at Rangpur sub-station followed by Nalitabari sub-station. 
The interaction between variety and location appeared significantly different for plant height, effective tiller number and grain yield. This means the line and variety responded differently for these traits with the change of location. The higher grain yield of the mutant than the check variety was mostly attributed to its longer panicle length and heavier 1000-grain weight (Table 3). The decorticated grain length and breadth of the mutant were 7.6 mm and 2.1 mm, respectively, with a ratio of 3.0 indicating medium slender grain. 

Table 3. Grain characters of the mutant and the check variety	

	Mutant/variety
	1000-grain weight (g)
	Grain length (mm)
	Grain breadth (mm)
	Length: breadth ratio

	RC-2-4-1-2
	25.5
	11 (7.6)
	2.6 (2.1)
	4.0 (3.0)

	BRRI dhan49
	17.15
	7.6 (6.2)
	2.4(2.2)
	3.0 (2.8)


Figures in the parentheses indicate the values of dehusked grain

Zonal yield trial with M6 mutant lines of NERICA-10 rice
[bookmark: _GoBack]This experiment was carried out with three mutants derived from carbon ion beams irradiation to NERICA-10 to assess earliness and yield performance under direct seeding and rainfed conditions over different locations. Seeds were sown between 30 July and 13 August 2015 at 7 locations over the country (Table 4). The experiment followed RCB design and the unit plot size was 4.95 m × 4.00 m. Three to four seeds were sown in a hole following dibbling method at 15 cm distance within rows of 20 cm apart. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. No supplemental irrigation was applied. Data on plant height, number of effective tiller, panicle length, and filled and unfilled grains panicle-1 were recorded after harvesting from 5 randomly selected competitive hills. Maturity was assessed plot basis. Grain yield was recorded from an area of 1.0 m2 which was later converted to tha-1. Recorded data were subjected to proper statistical analyses and are presented in Table 5. 


Table 4. Date of seed sowing of the mutants along with the parent NERICA
	Location
	Date of sowing

	BINA HQ farm, Mymensingh
	30 July 2015

	BINA sub-station, Magura
	13 August 2015

	Farmer’s field at Magura
	10 August 2015

	BINA sub-station, Rangpur
	13 August 2015

	Farmer’s field at Rangpur
	18 August 2015

	BINA sub-station farm, Ishurdi
	15 August 2015

	BINA sub-station farm, Chapainawabgonj
	26 August 2015



The mutants matured within 88 days at Mymensingh HQ farm and Rangpur farmer’s field. The mutants and the check variety did not differ significantly for any traits at any locations (Table 5). 
Table 5. Yield and yield attributes of three M6 mutant lines of NERICA-10 
	Mutant/parent
	Days to maturity
	Plant height (cm)
	Effective tillers (no.)
	Panicle length (cm)
	Filled grain (no.)
	Unfilled grain (no.)
	Grain yield (tha-1)

	Mymensingh HQ Farm

	RM-N10-40(C)-1-1
	88
	97.33
	10.33
	22.00
	89.67
	26.33
	4.00

	RM-N10-40(C)-1-5
	88
	99.00
	10.33
	22.33
	80.33
	26.00
	4.13

	RM-N10-40(C)-1-7
	88
	100
	10.67
	22.33
	79.67
	41.67
	3.77

	NERICA Selection
	87
	107.67
	9.33
	23.67
	95.33
	25.00
	3.77

	LSD(0.05)
	-
	NS
	NS
	NS
	NS
	NS
	NS

	Magura Sub-station farm

	RM-N10-40(C)-1-1
	92
	98.67
	10.00
	22.67
	103.33
	12.00
	4.9

	RM-N10-40(C)-1-5
	91
	95.67
	10.00
	22.33
	97.33
	11.67
	5.37

	RM-N10-40(C)-1-7
	95
	97.00
	10.00
	22.00
	99.33
	14.33
	5.2

	NERICA Selection
	89
	111.33
	10.33
	24.67
	112.67
	11.67
	5.17

	LSD(0.05)
		-
	5.6
	NS
	NS
	NS
	NS
	NS

	Farmer’s field, Magura

	RM-N10-40(C)-1-1
	94
	80.67
	13.33
	21.33
	85.00
	15.67
	4.67

	RM-N10-40(C)-1-5
	91
	83.33
	12.33
	20.33
	76.33
	12.67
	4.67

	RM-N10-40(C)-1-7
	95
	84.00
	12.33
	21.00
	75.67
	14.00
	4.57

	NERICA Selection
	90
	95.00
	12.67
	22.33
	76.67
	18.67
	4.47

	LSD(0.05)
	-
	4.7
	NS
	NS
	NS
	NS
	NS

	Rangpur Sub-station farm

	RM-N10-40(C)-1-1
	99
	87.67
	12.33
	20.00
	97.00
	21.33
	5.47

	RM-N10-40(C)-1-5
	99
	88.00
	12.33
	20.33
	94.67
	13.00
	5.90

	RM-N10-40(C)-1-7
	99
	91.00
	12.00
	20.33
	89.00
	20.00
	5.53

	NERICA Selection
	103
	92.00
	10.67
	21.00
	73.00
	23.00
	5.02

	LSD(0.05)
	-
	NS
	NS
	NS
	NS
	NS
	NS

	
Farmer’s field, Rangpur

	RM-N10-40(C)-1-1
	88
	93.67
	10.67
	23.00
	90.00
	9.67
	5.83

	RM-N10-40(C)-1-5
	88
	95.00
	11.67
	24.00
	91.00
	9.67
	5.73

	RM-N10-40(C)-1-7
	88
	89.67
	11.00
	21.67
	82.00
	10.33
	5.73

	NERICA Selection
	88
	102.33
	13.00
	22.67
	77.33
	16.00
	5.87

	LSD(0.05)
	-
	NS
	NS
	NS
	NS
	2.68
	NS

	Ishwardi Sub-station farm

	RM-N10-40(C)-1-1
	113
	58.53
	11.00
	20.33
	91.00
	11.67
	1.83

	RM-N10-40(C)-1-5
	113
	61.47
	9.67
	20.00
	86.33
	9.33
	0.76

	RM-N10-40(C)-1-7
	113
	59.33
	9.00
	20.00
	92.67
	11.00
	1.72

	NERICA Selection
	114
	65.33
	10.33
	22.00
	110.67
	15.00
	0.47

	LSD(0.05)
	-
	NS
	NS
	NS
	NS
	NS
	NS

	Chapainawabgonj Sub-station farm

	RM-N10-40(C)-1-1
	114
	53.67
	7.33
	17.00
	39.00
	13.33
	0.95

	RM-N10-40(C)-1-5
	115
	52.67
	8.33
	17.33
	37.67
	12.33
	1.08

	RM-N10-40(C)-1-7
	114
	56.67
	5.67
	16.00
	39.67
	12.67
	0.98

	NERICA Selection
	118
	54.33
	8.33
	18.00
	42.00
	15.67
	0.88

	LSD(0.05)
	-
	NS
	NS
	NS
	NS
	NS
	NS


* (NS - not significant)
Preliminary yield trial with some aromatic rice lines
This experiment was carried out to assess the yield attributes of seven aromatic rice lines. These lines were derived from a segregant of Binadhan-9. Seeds of the seven lines along with parent variety Binadhan-9 were sown on 12 July 2015 and transplanted to the field on 7 August 2015. The experiment followed RCB design with three replications. The size of a unit plot was 1.5 m × 1.0 m. Plant to plant distance was 15 cm and row to row distance was 20 cm. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. Data on plant height, number of effective tiller, panicle length, and filled and unfilled grains panicle-1 were recorded after harvesting from 5 randomly selected competitive hills. Maturity was assessed plot basis. Grain yield was recorded from an area of 1.0 m2 which was later converted to t ha-1. Recorded data were finally subjected to proper statistical analyses and are presented in Table 6. 
The rice lines and the check variety differed significantly for plant height, filled and unfilled grain panicle-1 and grain yield. Effective tiller and panicle length did not differ significantly. Most of the lines were taller than Binadhan-9. Bina-9-2 had the longest (134.22 cm) plant height followed by Bina-9-5 (120.77 cm) and Bina-9-6 (119.83 cm). Bina-9-4 had the shortest plant height (Table 6). Filled grain panicle-1 was significantly higher in all the lines than the parent variety. Highest number of filled grain was found in Bina-9-1 (141) followed by   Bina-9-7 (120.33) and Bina-9-2 (119.66). All the lines produced higher grain yield than the check variety which was attributed to their higher number of filled grains panicle-1. Bina-9-4 produced highest grain yield (5.3 tha-1) followed by Bina-9-1 (5.13 tha-1) and Bina-9-7 (5.0 tha-1). These lines will be further evaluated in the next Boro and T. aman seasons. 
Table 6. Yield and yield attributes of some rice lines along with the parent variety Binadhan-9 

	Variety/Line
	Days to maturity
	Plant height (cm)
	Effective tiller plant-1 (no.)
	Panicle length (cm)
	Filled grains
panicle -1 (no.)
	Unfilled grain
Panicle-1 (no.)
	Yield
(t ha-1)

	Bina-9-1
	121
	103.93
	10.93
	25.00
	141.00
	32.80
	5.13

	Bina-9-2
	121
	134.22
	8.66
	24.66
	119.66
	42.77
	4.03

	Bina-9-3
	121
	112.77
	9.33
	23.66
	93.11
	71.55
	4.06

	Bina-9-4
	121
	103.56
	10.06
	25.33
	98.00
	35.00
	5.30

	Bina-9-5
	121
	120.77
	9.33
	23.66
	111.00
	43.66
	4.23

	Bina-9-6
	121
	119.83
	9.33
	25.33
	111.33
	69.00
	4.03

	Bina-9-7
	121
	114.6
	9.66
	26.33
	120.33
	36.00
	5.00

	Binadhan-9
	122
	111.2
	10.06
	25.53
	64.33
	47.60
	3.43

	LSD(0.05)
	
	6.47
	NS
	NS
	7.69
	7.97
	0.22


* (NS - not significant)
Preliminary yield trial with M5 mutants of deep water rice under deep water condition 
This experiment was conducted to assess yield and maturity under deep water condition of four M5 mutants derived from irradiating the seeds of a local deep water rice cv. Luxmidigha with 200 Gy dose of gamma rays. The seeds were sown following dibbling method at 15 cm distance within rows of 20 cm apart on 10 May 2015 at BINA sub-station farm, Barisal along with the parent. Fertilizers were applied at the rate of N-54 kg, P- 60 kg and K-40 kg ha-1 in the form of Urea, TSP and MoP. Urea was applied as top dressing after 10 and 30 days of transplanting.  
Data on plant height, number of effective tiller, panicle length, filled and unfilled grains    panicle-1, and yield were recorded from five selected hills along with the parent cv. from the experiment at BINA sub-station, Barisal.
Table 7. Yield and some yield attributes of three M5 populations of deep water rice grown in natural deep water condition at BINA sub-station farm, Barisal


	Variety/Line
	Days to maturity
	Plant height (cm)
	Effective tiller plant-1 (no.)
	Panicle length (cm)
	Filled grain
panicle-1  (no.)
	Unfilled grain
panicle-1 (no.)
	Yield
(t ha-1)

	LD-200-1-3-2
	127
	164.33
	9.00
	27.33
	121.66
	74.00
	3.50

	LD-200-1-3-3
	142
	139.00
	10.33
	25.00
	133.00
	62.67
	3.60

	LD-200-1-1-1
	144
	152.00
	6.66
	25.26
	91.33
	53.00
	2.80

	LD-200-1-1-2
	144
	138.33
	5.66
	27.33
	90.00
	62.33
	2.73

	Luxmidigha
	108
	152.33
	8.33
	22.00
	78.33
	28.33
	2.63

	LSD(0.05)
	
	12.46
	2.29
	2.55
	11.12
	6.29
	0.26



The mutants showed much variation for yield and yield attributes than the parent cv. Luxmidigha (Table 7). The height of the mutant, LD-200-1-3-2 was significantly taller than the parent under the natural deep water condition. This mutant had higher number of effective tiller, longer panicle length, and higher number of filled grains. For maturity, the parent variety took the shortest period but the mutants took 25-32 days more times (Table 7). The mutants LD-200-1-3-2 and LD-200-1-3-3 produced significantly higher grain yield than the parent.  The mutants LD-200-1-3-2 and LD-200-1-3-3 will be put into Advance Yield Trial in the next T. aman season. 
Screening of recurrent carbon ion irradiated M1R2 population of Swarna rice in T. Aman season
M1R2 seeds of rice cv. Swarna were sown on 12 July 2015 and transplanted in the field on 6 August 2015. Data on plant height, number of effective tiller, panicle length, filled and unfilled grains plant-1, grain yield hill-1 (g) were recorded after harvest from 5 randomly selected competitive plants. Finally, all the recorded data were subjected to proper statistical analyses and are presented in Table 8. 





Table 8.  Yield and yield attributes of recurrent irradiated rice cv. Swarna
	Dose (Gy)
	Plant height
	Effective tiller
	Panicle length
	Filled grain
	Unfilled grain
	Grain yield hill-1 (g)
	Days to maturity

	Swarna (P)
	99.2
	7.8
	24.2
	144.6
	77
	5.5
	140

	(20+20)
	94.4
	9
	21.6
	105.6
	49.6
	5.5
	140

	(20+30)
	95.8
	8.2
	23.8
	196.4
	41.4
	5.5
	140

	(20+40)
	96.4
	6.8
	23.6
	145
	49.6
	5.75
	140

	SE
	1.01
	0.46
	0.58
	18.62
	7.78
	0.06
	-



Significant differences were found for all the traits among the irradiated and control plants. Plant height and panicle length become shorter of the irradiated plants than the control. Yield increased only at 20 + 40 Gy. However, these populations will be screened in the next T. aman season.

Screening of gamma ray irradiated M2 population of BR-11 in T. aman season
The seeds of gamma ray irradiated M2 population were sown on 13 August and seedlings were transplanted on 01 September 2015 along with the parent at BINA HQ farm, Mymensingh following non replicated design at 15 cm distance within rows of 20 cm apart. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. M3 seeds were collected from five selected plants for growing M3 population in the next T. aman season. 
Growing of M1 generation of Biroi rice in T. Aman season
To create variability lodging resistance, shorter duration and higher yield keeping the quality same as before, seeds of local cultivar Biroi was irradiated with 200, 250, 300 and 350 Gy doses of gamma rays. After irradiation, the seeds were sown at 7 August and and seedlings were transplanted on 7 September 2015.  Data on plant height, number of effective tiller, panicle length, filled and unfilled grains plant-1 and grain yield were recorded after harvest from 5 randomly selected competitive plants. 
It appears that with the increase of dose the culm length, number of effective tiller, panicle length and unfilled grain per panicle decreased gradually (Table 9). M2 seeds from each treatment were collected to grow first segregating M2 populations in the next Boro season. 
Table 9.  Yield and yield attributes of the irradiated and control plant of Biroi
	Dose
	Culm length (cm)
	Plant height (cm)
	Effective tiller (no.)
	Panicle length (cm)
	Filled grain
panicle-1
(no.)
	Unfilled grain
panicle-1
(no.)
	Yield plant-1
(g)

	Parent
	61.4
	124.4
	12.8
	24.0
	111.2
	36.4
	6.0

	150
	51.8
	127.2
	10.6
	23.4
	107.0
	33.6
	6.2

	200
	52.8
	127.0
	8.6
	23.4
	126.6
	26.4
	6.0

	250
	55.6
	126.6
	8.0
	23.4
	111.6
	25.4
	6.0

	300
	43.00
	125.0
	8.0
	22.8
	103.8
	21.6
	5.8

	Mean
	52.92
	126.04
	9.6
	23.4
	112.04
	28.68
	6.0

	Sd
	6.69
	1.26
	2.08
	0.42
	8.75
	6.12
	0.14

	SE
	2.99
	0.56
	0.93
	0.19
	3.91
	2.74
	0.06



Evaluation of carbon ion beams irradiated M4 populations of Kasalath
Seeds of two carbon ion beams irradiated M4 populations of Kasalth derived from 60 and 80Gy doses were sown on 25 August and seedlings were transplanted on 19 August 2015 along with the parent at BINA HQ farm, Mymensingh following non replicated design at 15 cm distance within rows of 20 cm apart. The plot of the M4 population comprised twelve rows of 5.0 m length and that of the parent comprised five rows. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. The parent matured within 106 days but the mutants required 135 days. The M4 populations had shorter plant height, longer panicle length and higher filled grains panicle-1.  The M4 populations produced 8.9 and 7.5 tha-1 of grain yield, respectively, which was much higher than parent Kasalath. These two populations will be put into Advance yield trial in Aus and T. aman seasons, next. 




BORO
Zonal yield trial with high yielding mutant lines
This experiment was carried out with two high yielding mutants, RM-40(C)-4-2-8 and RM-50(C)-2-1-1 derived from irradiating the seeds of BRRI dhan29 with carbon ion beams, to assess the yield potential over locations. BRRI dhan29 was used as a check variety. Seeds were sown during 08 to 15 December, 2015 and transplanted during 18 January to 28 January 2016 at different locations (Table 10). The experiment followed RCB design with three replications. The size of the unit plots were 4.05 m × 3.0 m. Seedlings were transplanted at 15 cm distance within rows of 20 cm apart. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. 

Table 10. Date of seed sowing and transplanting of the mutant and check variety at    
                different locations of Bangladesh

	Location
	Date of seed sowing
	Date of transplanting
	Seedling age
(days)

	Mymensingh
	08 December 2015
	18 January 2016
	41

	Barisal 
	15 December 2015
	28 January 2016
	44

	Jhalokathi
	15 December 2015
	28 January 2016
	44

	Gopalgonj
	08 December 2015
	21 January 2016
	44

	Sunamgonj
	10 December 2015
	20 January 2016
	41

	Comilla
	12 December 2015
	20 January 2016
	39



Data on plant height, number of effective tiller, panicle length, filled and unfilled grains panicle-1 were recorded after harvest from 5 randomly selected competitive plants. Maturity was assessed plot basis. Grain yield was recorded from an area of 1.0 m2 which was later converted to tha-1. Finally, all the recorded data were subjected to proper statistical analyses and are presented in Table 11.
It appears that both the mutants matured earlier than the check variety BRRI dhan29. The mutant RM-40(C)-4-2-8 took shortest period (135-144 days) to mature which is 10-14 days earlier than the check (147-158 days). 

Table 11.  Yield and yield attributes of the high yielding mutants and the check  
                  variety in Boro season 

	Variety/Line
	Days to maturity
	Plant height (cm)
	Effective tillerplant-1 (no.)
	Panicle length (cm)
	Filled grain
panicle-1 (no.)
	Unfilled grain
panicle-1 (no.)
	Yield
(t ha-1)

	Mymensingh

	RM-40(C)-4-2-8
	144
	120.93
	9.23
	28.00
	132.33
	26.93
	6.97

	RM-50(C)-2-1-1
	155
	118.73
	8.27
	26.40
	145.33
	25.60
	7.00

	BRRI dhan29
	158
	103.93
	11.87
	24.07
	140.00
	27.67
	7.77

	LSD(0.05)
	-
	2.76
	1.44
	2.36
	NS
	NS
	0.20

	Barisal

	RM-40(C)-4-2-8
	137
	127.93
	9.27
	28.33
	143.00
	37.53
	6.23

	RM-50(C)-2-1-1
	145
	118.00
	8.33
	27.10
	151.00
	26.30
	6.87

	BRRI dhan29
	147
	104.33
	13.13
	23.33
	135.67
	31.17
	6.87

	LSD(0.05)
	-
	5.09
	1.92
	1.83
	7.70
	NS
	0.11

	Jalokathi

	RM-40(C)-4-2-8
	135
	123.73
	9.07
	27.93
	133.07
	39.43
	5.83

	RM-50(C)-2-1-1
	145
	125.87
	10.20
	26.80
	130.27
	34.27
	5.57

	BRRI dhan29
	147
	108.53
	11.73
	24.20
	129.70
	36.57
	5.67

	LSD(0.05)
	-
	1.93
	1.07
	1.38
	NS
	NS
	

	Gopalgonj

	RM-40(C)-4-2-8
	135
	122.60
	8.93
	28.60
	122.07
	74.33
	4.81

	RM-50(C)-2-1-1
	144
	127.07
	9.73
	28.00
	133.40
	59.47
	5.17

	BRRI dhan29
	148
	106.53
	11.00
	25.60
	115.80
	81.93
	6.36

	LSD(0.05)
	-
	6.58
	1.23
	2.17
	NS
	NS
	

	Sunamgonj

	RM-40(C)-4-2-8
	141
	119.87
	11.33
	27.17
	137.33
	48.07
	5.22

	RM-50(C)-2-1-1
	151
	118.73
	13.07
	28.23
	136.27
	47.67
	5.85

	BRRI dhan29
	153
	99.93
	11.80
	23.67
	129.33
	41.00
	5.18

	LSD(0.05)
	-
	2.76
	2.22
	0.96
	3.02
	3.65
	0.08

	Comilla

	RM-40(C)-4-2-8
	142
	118.67
	10.67
	26.70
	136.33
	47.67
	5.22

	RM-50(C)-2-1-1
	150
	116.67
	12.67
	28.23
	135.67
	47.67
	5.70

	BRRI dhan29
	155
	101.33
	11.57
	23.73
	129.00
	40.93
	5.77

	LSD(0.05)
	-
	4.35
	1.15
	1.27
	4.21
	2.85
	0.14

	LSD(0.05) for variety×location
	
	NS
	3.77
	NS
	NS
	NS
	0.47


* NS - not significant
Both the mutants had significantly taller plant height than BRRI dhan29 at all locations (Table 11). 
The number of effective tillers plant-1 was higher in the check variety at all locations except Sunamgonj and Comilla where the mutant RM-50(C)-2-1-1 had higher number of effective tillers (Table 11). Both the mutants had significantly longer panicle than the check variety but the mutant RM-40(C)-4-2-8 had longest panicle at all locations except Sunamgonj and Comilla where the other mutant had the longest panicle. The number of filled and unfilled grains panicle-1 significantly differed at Sunamgonj and Comilla and at rest of the locations the differences were not significant. The mutants produced significantly higher yield at Barisal, Jhalokathi and Sunamgonj. Between the mutants RM-50(C)-2-1-1 produced higher yield at all locations except Jhalokathi. RM-50(C)-2-1-1 produced highest yield (5.85 tha-1) at Sunamgonj followed by the mutant RM-40(C)-4-2-8 (5.83 tha-1) at Jhalokhati. The mutants will be put into on-farm and on-station trial in the next Boro season for further confirmation. 
Preliminary yield trial with some aromatic rice lines
This experiment was carried out to assess the yield attributes of seven aromatic rice lines. These lines were derived from a segregant of Binadhan-9. The seeds of the seven lines along with parent variety Binadhan-9 were sown on 28 December 2015 and transplanted to the field on 11 February 2016. The experiment followed RCB design with three replications. The size of a unit plot was 2.0 m × 3.0 m. Plant to plant distance was 15 cm and row to row distance was 20 cm. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. Data on plant height, number of effective tiller, panicle length, filled and unfilled grains panicle-1 were recorded after harvesting from 5 randomly selected competitive hills. Maturity was assessed plot basis. Recorded data were subjected to proper statistical analyses and are presented in Table 12. 
The lines and the check variety differed significantly for all the attributes. Bina-9-4 produced highest grain yield (7.9 tha-1) followed by Bina-9-1 (6.0 tha-1) and Bina-9-7 (5.03 tha-1). These three lines were selected for further evaluation.

Table 12. Yield and yield attributes of some rice lines along with parent variety 
                Binadhan-9 

	Variety/Line
	Plant height (cm)
	Effective tiller plant-1 (no.)
	Panicle length (cm)
	Filled grain
panicle-1
(no.)
	Unfilled grain
panicle-1
(no.)
	Yield
(t ha-1)

	Bina-9-1
	103.20
	10.67
	25.00
	134.67
	29.23
	6.00

	Bina-9-2
	126.30
	6.67
	20.67
	106.00
	39.30
	3.20

	Bina-9-3
	127.67
	6.67
	21.00
	102.30
	45.00
	3.03

	Bina-9-4
	101.27
	9.27
	27.27
	164.00
	21.07
	7.90

	Bina-9-5
	118.00
	4.67
	22.30
	106.67
	55.00
	3.20

	Bina-9-6
	132.30
	7.00
	20.30
	95.00
	32.30
	2.97

	Bina-9-7
	105.53
	9.27
	27.33
	120.33
	30.87
	5.03

	Binadhan-9
	111.20
	10.07
	25.53
	129.17
	47.60
	3.97

	LSD(0.05)
	5.77
	2.53
	2.88
	16.28
	10.27
	0.24



AUS
Field evaluation of a NERICA mutant N10-40(C)-1-5
This experiment was carried out with a mutant derived from carbon ion beams irradiation to NERICA-10 to assess yield performance under direct seeding and rainfed condition over locations. BRRI dhan43 and NERICA-10 were used as check varieties. Seeds were sown during 7 April and 12 May 2016 at 12 locations over the country (Table 12). The experiment followed RCB design with three replications and the unit plot size was 6.0 m × 5.0 m. Three to four seeds were sown in a hole following dibbling method at 15 cm distance within rows of 20 cm apart. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. No supplemental irrigation was applied except lifesaving irrigation. Data on plant height, number of effective tiller, panicle length, and filled and unfilled grains panicle-1 were recorded after harvesting from 5 randomly selected competitive hills. Maturity was assessed plot basis. Grain yield was recorded from an area of 10.0 m2 by the respective Field Evaluation Teams which was later converted to tha-1. Finally, recorded data were subjected to proper statistical analyses and are presented in Table 14. 

Table 13. Date of dibbling of the NERICA mutant and check varieties at different   
                 locations of Bangladesh

	Location
	Date of seed dibbling

	BINA HQ farm, Mymensingh
	7 April 2016

	BINA Sub-station, Nalitabari
	11 April 2016

	Farmers’ field, Nalitabari
	10 April 2016

	Rangpur farmers’ field
	13 April 2016

	Nachole, Chapainawabgonj
	16 April 2016

	Godagari, Rajshahi
	17 April 2016

	Magura sub-station
	26 April 2016

	Magura farmer’s field
	30 April 2016

	Raicha, Bandarban
	9 May 2016

	Mrulongpara, Bandarban
	8 May 2016

	Alutila, Khagrachari
	12 May 2016

	Matiranga, Khagrachari
	11 May 2016



It appears that the mutantN10-40(C)-1-5 matured 2-19 days earlier than the parent NERICA-10 at six out of twelve locations (Table 14).  In contrast, the maturity periods of the mutant and the check varieties were the same at Nachole, Chapainawabgonj, Godagari, Rajshahi, Raicha, Bandarban and Matiranga, Khagrachari at plain lands. At the other locations, maturity periods of the mutant and the check variety BRRI dhan43 did not differ significantly.  The mutantN10-40(C)-1-5 had significantly shorterplant height thanboth the check varietiesat all locations except Mymensingh HQ farm and Mrulongpara, Bandarban at hill slope. Number of effective tiller plant-1 was significantly lower in NERICA-10 than the mutant line and BRRI dhan43. The mutant had significantly higher number of effective tiller than BRRI dhan43 at five locations (Table 14). Moreover, the mutant had the highest number of filled grains panicle‑1 at eight locations but the difference was significant only at Nachole, Chapainawabgonj and Mrulongpara, Bandarban (Table 14). The mutant had significantly lowest number of unfilled grains panicle-1 than BRRI dhan43 and NERICA-10 at all locations except Alutila, Khagrachari. 


Table 14.  Yield and yield attributes of the NERICA mutant along with the check 
                  varieties

	Variety/Line
	Days to maturity
	Plant height (cm)
	Effective tillerplant-1 (no.)
	Panicle length (cm)
	Filled grain
panicle-1 (no.)
	Unfilled grain
Panicle-1 (no.)
	Yield (tha-1)

	Mymensingh HQ

	N10-40(C)-1-5
	93
	97.4
	21.73
	12.13
	70.6
	15.27
	5.0

	BRRIdhan 43
	93
	118.8
	22.8
	12.6
	66.33
	25.4
	3.77

	NERICA-10
	101
	96.8
	22.73
	8.07
	64.13
	27.2
	3.0

	LSD(0.05)
	-
	7.61
	NS
	1.48
	NS
	3.48
	0.47

	Nalitabari sub-station

	N10-40(C)-1-5
	95
	94.67
	22.2
	10.13
	58
	14.87
	3.9

	BRRIdhan 43
	97
	106.33
	22.6
	9.33
	59
	24.5
	3.4

	NERICA-10
	100
	98.07
	23.33
	7.0
	48.33
	26.33
	1.2

	LSD(0.05)
	-
	6.98
	NS
	NS
	5.12
	4.59
	0.62

	Nalitabari farmer

	N10-40(C)-1-5
	95
	91.53
	21.2
	10.13
	66
	14
	3.8

	BRRIdhan 43
	97
	112
	21.73
	10.33
	60.67
	23
	3.58

	NERICA-10
	100
	97.33
	24.03
	5.63
	55
	27.67
	1.31

	LSD(0.05)
	-
	3.22
	0.74
	1.34
	NS
	3.16
	0.48

	Rangpur sub-station

	N10-40(C)-1-5
	101
	91.13
	21.07
	11
	55.33
	15
	3.3

	BRRIdhan 43
	  99
	110.93
	22.27
	11.33
	43
	32.67
	1.9

	NERICA-10
	103
	99.93
	22.47
	5.93
	42.67
	24.33
	1.8

	LSD(0.05)
	-
	7.33
	0.94
	0.39
	NS
	3.33
	0.38

	Nachole, Chapainawabgonj

	N10-40(C)-1-5
	105
	91.8
	21.87
	12.53
	64.33
	15
	3.92

	BRRIdhan 43
	105
	110.2
	22.27
	11.8
	60.33
	27.67
	3.5

	NERICA-10
	105
	100.93
	24.4
	7.33
	43.67
	22
	2.1

	LSD(0.05)
	-
	6.58
	1.0
	1.89
	5.9
	4.34
	0.15

	Godagari, Rajshahi

	N10-40(C)-1-5
	116
	88
	21
	10
	52.67
	14.67
	2.70

	BRRIdhan 43
	116
	105
	21
	9.37
	46.67
	30.67
	1.83

	NERICA-10
	116
	108.67
	22.67
	5.0
	53.67
	32.67
	0.74

	LSD(0.05)
	-
	5.29
	NS
	1.85
	NS
	3.16
	0.53

	Magura sub-station

	N10-40(C)-1-5
	101
	97
	21.67
	12.33
	62.67
	15.33
	3.89

	BRRIdhan 43
	103
	109
	22.67
	10.67
	61.67
	29
	2.92

	NERICA-10
	117
	120
	22.67
	6
	56.67
	37.33
	1.86

	LSD(0.05)
	-
	7.17
	Ns
	1.85
	Ns
	3.02
	0.02

	Magura farmer’s field

	N10-40(C)-1-5
	106
	94.67
	21.27
	9.13
	72.33
	14.67
	4.18

	BRRIdhan 43
	104
	109.47
	22.33
	11.07
	57.33
	25.67
	3.15

	NERICA-10
	125
	116.33
	22.67
	6.33
	61.33
	25.33
	1.98

	LSD(0.05)
	-
	9.24
	NS
	1.87
	NS
	3.78
	0.12

	Raicha, Bandarban (Plain land)

	N10-40(C)-1-5
	107
	94.4
	22.07
	11.46
	78.67
	10
	4.36

	BRRIdhan 43
	107
	114.13
	21.6
	11.90
	73
	26.33
	3.22

	NERICA-10
	107
	116.33
	22.67
	5.67
	68
	27.67
	2.82

	LSD(0.05)
	-
	7.65
	0.44
	1.56
	NS
	3.70
	0.15

	Mrulongpara, Bandarban (Hill)

	N10-40(C)-1-5
	117
	97.33
	21.67
	10.33
	81.67
	12.33
	3.35

	BRRIdhan 43
	117
	106.67
	22
	9.67
	62.33
	22.67
	2.41

	NERICA-10
	108
	96.8
	22.33
	5.67
	63.33
	27.33
	2.20

	LSD(0.05)
	-
	6.13
	NS
	1.51
	5.97
	3.66
	0.11

	Alutila, Khagrachari (Hill)

	N10-40(C)-1-5
	107
	94.33
	23.67
	7.87
	53.33
	28.67
	2.72

	BRRIdhan 43
	108
	119
	22
	8.67
	51
	27.67
	2.23

	NERICA-10
	95
	120.67
	23
	6.33
	54.67
	22.67
	1.79

	LSD(0.05)
	-
	7.40
	NS
	NS
	NS
	NS
	0.18

	Matiranga, Khagrachari (Plain land)

	N10-40(C)-1-5
	91
	96.67
	21.33
	9.67
	52.67
	12.33
	2.5

	BRRIdhan 43
	91
	112.33
	23
	8.67
	58.33
	27
	2.81

	NERICA-10
	91
	120
	22.33
	6
	48
	25.33
	1.55

	LSD(0.05)
	-
	7.11
	0.76
	0.89
	NS
	2.72
	0.13

	Combined means over 10 locations

	N10-40(C)-1-5
	-
	94.08
	21.73
	10.56
	64.02
	15.18
	3.46

	BRRIdhan 43
	-
	111.16
	22.19
	10.39
	58.31
	26.85
	2.89

	NERICA-10
	-
	107.66
	22.94
	6.25
	54.96
	27.16
	1.86

	LSD(0.05) for variety×location
	-
	3.13
	1.33
	NS
	NS
	6.85
	0.28


* NS - not significant

The grain yield of the mutant was highest at all locations except Matiranga, Khagrachari where all plots were severely damaged by birds. 
The interaction between variety and location appeared significantly different for plant height, panicle length, unfilled grain panicle-1 and grain yield. This means the mutant line and the check varieties responded differently for these traits with the change of location. The higher grain yield of the mutant than the check varieties was mostly attributed to higher number of effective tiller and filled grain, lower number of unfilled grain and heavier 1000-grain weight (Table 13, Table 14). The decorticated grain length and breadth of the mutant were 7.0 mm and 2.0 mm, respectively, with a ratio of 3.5 indicating long slender grains (Table 15). The milling outturn of the mutant was much higher than its parent, NERICA-10 but did not differ from the other check variety, BRRI dhan43. With all these application will be submitted to the Technical Committee of National Seed Board (NSB) soon for release this mutant as Binadhan-20.


Table 15. Grain characters of the mutant and the check varieties

	Mutant/variety
	Milling outrun (%)
	1000-grain weight (g)
	Grain length (mm)
	Grain breadth (mm)
	Length: breadth ratio

	N10-40(C)-1-5
	80
	23.0
	9.6 (7.0)
	2.5 (2.0)
	3.8 (3.5)

	BRRIdhan 43
	80
	21.0
	8.5 (6.8)
	2.5(2.2)
	3.4 (3.0)

	NERICA-10
	75
	22.0
	9.0 (6.8)
	2.7 (2.3)
	3.3 (2.9)


Figures in the parentheses indicate the values of dehusked grain

Advanced yield trial with M4  Kasalath mutants in Aus season
This experiment was conducted with two mutants derived from carbon ion irradiated seeds of Kasalth along with the parent. Seeds were sown on 24 March and seedlings were transplanted on 21 April 2016 at BINA HQ farm, Mymensingh. The experiment followed RCB design with three replications and the unit plot size was 3.0 m × 3.0 m. Plant to plant and row to distances were 15 cm and 20 cm, respectively. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied in the form of Urea, TSP, MoP, Gypsum and Zinc Sulphate. Cultural and intercultural practices were followed as and when necessitated. Data on plant height, number of effective tiller, panicle length, and filled and unfilled grains panicle-1 were recorded after harvest from 5 randomly selected competitive hills. Maturity was assessed plot basis. Grain yield was recorded from an area of 1.0 m2 which was later converted to tha-1. Recorded data were subjected to proper statistical analyses and are presented in Table 16.
It appears that significant differences were found among the mutants and the parent for the number of effective tiller plant-1, panicle length and filled and unfilled grains panicle-1. The mutant RM-Kas-80(C)-1 produced the highest yield (4.43 tha-1) although the difference was not significant. These mutants will not be continued further in Aus season.

Table 16.  Yield and yield attributes of the Kasalath mutants along with parent
	Mutant/Line
	Days to maturity
	Plant height (cm)
	Effective tiller plant-1
(no.)
	Panicle length (cm)
	Filled grains
panicle-1
(no.)
	Unfilled grains
panicle-1 (no.)
	Yield
(t ha-1)

	RM-Kas-60(C)-1
	135
	123.5
	8.0
	27.67
	152.67
	44.33
	4.33

	RM-Kas-80(C)-1
	135
	123.5
	7.27
	26.27
	81.33
	38.0
	4.43

	Kasalath (P)
	116
	118
	15.13
	22.73
	90.0
	9.67
	4.33

	LSD(0.05)
	-
	NS
	2.24
	0.86
	6.32
	4.32
	NS


* NS - not significant

Field evaluation of a drought tolerant NERICA rice mutant
The experiment was carried out with a drought tolerant NERICA mutant, N4/350/P-4(5) along with check variety, BRRI dhan48 at Mymensingh, Magura, Kushtia, Chapainawabganj, Godagari, Nokla, Nalitabari, Bandarban, Rangamati and Khagrachari during Aus season 2016. The experiment was laid out in RCBD with three replications. Unit plot size was 5m x 6m and spacing between hills and rows were 15 cm x 20 cm. Intercultural practices were done as and when necessary. Grain yield plot-1 (kg) were recorded from each plot and was converted to t/ha.
Morpholoogical, agronomical and grain characters are presented in Table 17-19. It is observed that no. of effective tillers, no. of filled grains/panicle and grain yield of NERICA mutant were higher from the check variety at all the locations.
Table17. Morphological, agronomical, grain characters of the drought tolerant   NERICA mutant during Aus season, 2016

	Mutant/variety
	Plant height(cm)
	Days to maturity
	No. of effective tillers hill-1
	No. of filled grains panicle-1
	1000 grain wt. (g)

	N4/350/P-4(5)
	106
	100
	12
	108
	24.0

	BRRI dhan48 (check)
	100
	104
	10
	93
	25.0




Table 18. Yield performance of the NERICA mutant at multi-location trials grown in  
                 Aus season 2016
	Mutant/variety
	Grain yield (tha-1)
	Mean

	
	L1
	L2
	L3
	L4
	L5
	

	N4/350/P-4(5)
	6.11
	4.73
	6.22
	3.94
	3.95
	4.99

	BRRI dhan48 (check)
	5.74
	3.90
	5.83
	3.43
	3.49
	4.48


 L1- Magura, L2- Mymensingh, L3- Khagrachori , L4- Godagari (Rajshahi ) and L5- Nokla (Sherpur)
Table 19. Grain characteristics of the NERICA mutant
	Mutant/variety
	Milling Yield (%)
	Head rice yield (%)
	Chalkinessa
	Whole grain length (mm)
	Dehulled grain/kernel
	Amylose
(%)

	
	
	
	
	
	Length (mm)
	Breadth (mm)
	L/B ratio
	Size and shape
	

	N4/350/P-4(5)
	72
	93
	wb1
	8.1
	6.2
	3.0
	2.06
	Medium
medium
	23.5

	BRRI dhan48 (check)
	71
	90
	wb1
	8.2
	6.3
	2.9
	2.17
	Medium
medium
	24.0


* Wb1 = Less than 10% chalkiness
Advanced yield trial of some NERICA rice mutants 
Four NERICA rice mutants along with three parents and one check variety, NERICA-1, NERICA-4, NERICA-10 and BRRI dhan56 were tested during boro season 2015 at BINA HQ (Mymensingh) and farmer’s field of Nachole and Chapainawabganj.  The experiment was laid out in RCBD with three replications. Unit plot size was 3m x 2m and spacing between hills and rows were 15 cm x 20 cm. Data on days to maturity, plant height, effective tillers hill-1 (no.), panicle length, filled grains panicle-1 (no.), 1000-grain weight (gm) and grain yield plot-1 (kg) were recorded from five randomly selected plants from each plot. Plot yield was converted to t/ha. From the Table 20, it is observed that the highest effective tillers hill-1, panicle length and filled grains panicle-1 was found in mutant N4/250/P-2(5)11-2.  Mutant N1/250/P-6-2-6-1 showed the early maturity among the mutants. The highest 1000-seed weight and grain yield were produced by N4/250/P-2(5)11-2. These two mutant lines will be selected for regional yield trial in the next growing season.

Table 20. Mean performance of four mutants along with check variety grown at 
                 Nachole and Mymensingh during Aman season 2015

	Name of genotypes
	Days to maturity
	Plant height (cm)
	Effective tillers hill-1 (no.) 
	Total tillers hill-1 (no.)
	Panicle length (cm)
	Filled grains panicle-1 (no.)
	Unfilled grains panicle-1 (no.)
	1000 seed weight
	Grain yield (tha-1)

	BINA HQ, Mymensingh

	N1/250/P-7-3-12-2-1
	123
	110
	13.8
	9.20
	28.87
	128
	34
	21.5
	4.6

	N1/250/P-6-2-6-1
	120
	123
	15.2
	11.34
	23.37
	134
	38
	22.1
	5.11

	N4/250/P-2(5)11-2
	130
	107
	15.10
	12.80
	26.53
	183
	28
	24.7
	5.70

	N10/300/P-2-3-5-1
	122
	106
	15.8
	10.30
	23.10
	182
	27
	20.0
	4.51

	BRRI dhan-56(ck.)
	113
	118
	13.1
	12.17
	25.00
	152
	22
	21.1
	5.00

	NERICA-1(Parent)
	124
	88
	13.1
	8.20
	19.20
	94
	32
	29.0
	2.90

	NERICA-4(Parent)
	125
	99
	10.2
	9.10
	19.80
	88
	42
	29.9
	3.00

	NERICA-10(Parent)
	123
	93
	11.6
	8.60
	20.30
	98
	41
	30.2
	3.20

	Nachole, Chapainawabganj

	N1/250/P-7-3-12-2-1
	117
	117
	12.1
	10.53
	32.87
	122
	42
	21.4
	5.0

	N1/250/P-6-2-6-1
	119
	129
	11.5
	10.60
	24.93
	123
	38
	22.1
	5.1

	N4/250/P-2(5)11-2
	127
	119
	12.8
	11.60
	27.03
	193
	43
	24.7
	5.8

	N10/300/P-2-3-5-1
	120
	112
	15.7
	9.73
	25.20
	196
	45
	20.0
	4.9

	BRRI dhan-56 (ck.)
	116
	117
	16.1
	14.13
	24.80
	112
	26
	21.1
	5.2

	NERICA-1 (Parent)
	123
	99
	6.8
	5.40
	21.87
	78
	45
	29.0
	2.7

	NERICA-4 (Parent)
	117
	101
	7.1
	6.27
	23.13
	95
	42
	29.8
	3.1

	NERICA-10 (Parent)
	119
	108
	6.0
	5.33
	22.8
	107
	54
	30.3
	3.4

	Mean over locations

	N1/250/P-7-3-12-2-1
	120
	113
	13.0
	9.9
	30.87
	125
	38
	21.5
	4.8

	N1/250/P-6-2-6-1
	120
	126
	13.3
	11.0
	24.15
	129
	38
	22.1
	5.1

	N4/250/P-2(5)11-2
	129
	113
	14.0
	12.2
	26.78
	188
	36
	24.7
	5.8

	N10/300/P-2-3-5-1
	121
	109
	15.7
	10.0
	24.15
	189
	36
	20.0
	4.7

	BRRI dhan-56 (ck.)
	115
	118
	14.6
	13.2
	24.90
	132
	24
	21.1
	5.1

	NERICA-1 (Parent)
	124
	94
	10.0
	6.8
	20.54
	86
	38
	29.0
	2.8

	NERICA-4 (Parent)
	121
	100
	8.7
	7.7
	21.47
	92
	42
	29.8
	3.1

	NERICA-10 (Parent)
	121
	100
	8.8
	7.0
	21.55
	103
	48
	30.2
	3.3



Preliminary yield trial of some NERICA rice mutants 

Nine NERICA rice mutant lines along with three parents and one check varieties viz., NERICA-1, NERICA-4, NERICA-10 and BRRI dhan56 were tested in Boro season 2015 at BINA HQ, Mymensingh. The experiment was laid out in RCBD with three replications. Unit plot size was 1 m x 0.4 m and spacing between hills and rows were 15 cm and 20 cm, respectively. Data on days to maturity, plant height, effective tillers hill-1 (no.), panicle length (cm),  filled grains panicle-1 (no.), 1000-grain weight (gm) and grain yield plot-1 (kg) were recorded from five randomly selected plants from each plot. Plot yield was converted into t/ha. From the Table 21, it is observed that the highest no. of filled grains panicle-1 was found in N10/300/P-2-3-5-2 and the highest panicle length (cm) was observed in N1/250/P-7-3-12-2-1. Mutant N1/250-p-7-3-12-2-1 produced the highest grain yield followed by N1/250-P-3-2-5(1) and N4/250-P-2-5-1. These two mutants/lines will be evaluated in advanced yield trial for next season.

Table 21. Mean performance of four mutants along with check variety grown at 
                Mymensingh during aman season 2015

	Name of genotypes
	Days to maturity
	Plant height (cm)
	Effective tillers hill-1 (no.) 
	Total tillers hill-1 (no.)
	Panicle length (cm)
	Filled grains panicle-1 (no.)
	Unfilled grain panicle-1 (no.)
	1000 seed weight
	Grain yield (tha-1)

	N10/300-p-2-3-5
	121
	120
	10.7
	11.3
	25.0
	114
	62.4
	24.4
	4.7

	N1/250-p-7-3-12-2-1
	120
	144
	8.4
	9.1
	35.6
	161
	30.4
	21.6
	5.8

	N4/300-p-3(4)-10-9-5(7)
	122
	127
	7.6
	7.9
	24.8
	198
	28.0
	26.0
	5.0

	N1/250-P-3-2-5(1)
	121
	95
	13.1
	14.9
	25.0
	110
	52.6
	22.0
	5.5

	N4/250-P-2-5-1 
	123
	119
	7.0
	7.4
	22.7
	141
	63.9
	25.8
	5.5

	N1/250-P-7-3-11-2-1-9
	122
	141
	11
	12.2
	33.9
	131
	33.2
	23.5
	5.1

	N1/250/P-7-3-12-2-1(8)
	123
	154
	8.4
	9.0
	34.7
	135
	33.1
	23.1
	4.5

	N10/300/P-2-3-5-2
	124
	119
	9
	10.0
	29.1
	207
	30.2
	19.6
	5.4

	N10/300/P-2-(1)-1-5(10)
	120
	103
	12.7
	14.0
	26.5
	133
	50.6
	21.2
	4.7

	BRRI dhan56 (ck.)
	115
	110
	11.7
	12.6
	26.3
	121
	30.5
	21.4
	4.5

	NERICA-1 (parent)
	123
	90
	6.1
	7.1
	19.5
	77
	32.0
	29.0
	3.2

	NERICA-4 (parent)
	125
	100
	6.1
	7.0
	23.7
	91
	51.3
	29.9
	3.5

	NERICA-10 (parent)
	121
	98
	5.5
	5.9
	23.3
	98
	47.4
	30.2
	3.3



Regional yield trial of some promising NERICA rice mutants
Four NERICA rice mutants along with three check varieties, Binadhan-14, Binadhan-17 and BRRI dhan56 were tested in aman season 2015 at BINA HQ (Mymensingh), Nachole (Chapainawabganj), Tanore and Godagari (Rajshahi). The experiment was laid out in RCBD with three replications. Unit plot size was 3m x 2m and spacing between hills and rows were 15 cm x 20 cm. Data on days to maturity, plant height, effective tillers hill-1 (no.), panicle length, filled grains panicle-1 (no.), 1000-grain weight (gm) and grain yield plot-1 (kg) were recorded from five randomly selected plants from each plot. Plot yield was converted to tha-1. From the Table 22, it is observed from mean over locations that the mutant N4/350/P-4-2(5) matured earlier than check varieties. BRRI dhan56 had the highest plant height than other mutants. The highest filled grains panicle-1 was found in N4/350/P-4-2(5). The highest grain yield was produced in N4/350/P-4-2(5) than all the checks.  These two mutant lines will be evaluated by field trial in different agro-ecological zones in the next Aus season. These two mutant lines will be selected for evaluation in the next growing season.
Table 22. Mean performance of four mutants along with check variety grown at 
                Nachole, Tanore, Godagari  and  Mymensingh during aman season 2015

	Name of genotypes
	Days to maturity
	Plant height (cm)
	Effective tillers hill-1 (no.) 
	Total tillers hill -1 (no.)
	Panicle length (cm)
	Filled grains panicle-1 (no.)
	Unfilled grains panicle-1 (no.)
	1000 seed weight
	Grain yield (tha-1)

	BINA HQ, Mymensingh

	N4/250/P-1(2)
	119
	104
	10.6
	11.4
	23.0
	127.1
	24.7
	20.1
	4.90

	N10/350/P-5-3
	116
	92
	12.8
	13.9
	22.2
	123.6
	21.6
	21.3
	5.00

	N4/250/P-2(6)-26
	118
	100
	11.4
	12.1
	22.4
	100.7
	28.2
	20.1
	4.50

	N4/350/P-4-2(5)
	114
	104
	10.9
	15.1
	22.5
	133.3
	12.3
	22.5
	5.60

	Binadhan-14
	122
	88
	10.1
	10.9
	20.4
	100.3
	24.0
	22.1
	4.10

	Binadhan-17
	120
	99
	10.4
	11.4
	23.3
	115.1
	38.8
	21.2
	4.35

	BRRI dhan56
	116
	118
	9.1
	9.9
	24.5
	127.6
	26.0
	21.4
	5.00

	Godagari (Rajshahi)

	N4/250/P-1(2)
	118
	103
	19.1
	23.6
	25.1
	126.1
	31.0
	20.1
	4.84

	N10/350/P-5-3
	114
	88
	16.5
	20.5
	23.3
	126.4
	18.1
	21.0
	5.37

	N4/250/P-2(6)-26
	119
	102
	17.5
	22.0
	24.2
	122.3
	22.1
	20.1
	4.80

	N4/350/P-4-2(5)
	112
	104
	16.5
	17.7
	24.3
	138.3
	15.2
	22.5
	5.88

	Binadhan-14
	121
	84
	13.1
	18.4
	21.1
	105.1
	33.2
	21.1
	4.80

	Binadhan-17
	121
	97
	16.2
	20.5
	23.3
	132.0
	27.1
	21.2
	5.86

	BRRI dhan56
	114
	101
	14.3
	16.9
	25.3
	162.0
	11.1
	21.4
	4.88

	Nachole , Chapainababgonj

	N4/250/P-1(2)
	120
	89
	13.2
	10.8
	22.3
	96.4
	38.0
	20.1
	4.6

	N10/350/P-5-3
	113
	81
	14.0
	9.0
	22.7
	123.0
	31.1
	21.3
	5.45

	N4/250/P-2(6)-26
	119
	93
	15.0
	12.8
	24.0
	101.0
	47.1
	20.0
	4.20

	N4/350/P-4-2(5)
	111
	98
	13.3
	11.5
	23.5
	127.1
	18.3
	22.5
	5.50

	Binadhan-14
	121
	84
	12.9
	11.9
	20.2
	88.0
	37.1
	22.1
	4.88

	Binadhan-17
	121
	87
	12.2
	10.3
	22.3
	107.3
	32.3
	21.1
	5.38

	BRRI dhan56
	112
	100
	13.5
	11.4
	22.6
	103.3
	27.0
	21.4
	4.80

	Tanor (Rajshahi)

	N4/250/P-1(2)
	121
	106
	18.1
	14.7
	23.8
	103.4
	34.0
	20.3
	4.1

	N10/350/P-5-3
	108
	93
	19.0
	13.5
	23.7
	120.0
	42.1
	21.6
	5.40

	N4/250/P-2(6)-26
	120
	103
	17.1
	13.0
	24.5
	113.7
	24.0
	20.1
	4.78

	N4/350/P-4-2(5)
	109
	112
	16.0
	14.5
	25.0
	144.8
	14.4
	22.5
	5.74

	Binadhan-14
	123
	92
	16.6
	11.0
	21.0
	112.4
	57.0
	22.0
	4.80

	Binadhan-17
	119
	100
	19.5
	14.6
	25.7
	141.1
	27.0
	21.2
	5.84

	BRRI dhan56
	115
	114
	17.3
	14.5
	24.5
	134.0
	23.6
	21.4
	5.00

	Mean over location

	N4/250/P-1(2)
	120
	100
	16.6
	13.8
	23.6
	113.2
	31.9
	20.2
	4.61

	N10/350/P-5-3
	113
	89
	16.9
	12.9
	23.0
	123.3
	28.2
	21.3
	5.31

	N4/250/P-2(6)-26
	119
	99
	16.5
	13.7
	23.8
	109.4
	30.4
	20.1
	4.57

	N4/350/P-4-2(5)
	112
	105
	15.6
	13.4
	23.8
	135.9
	15.0
	22.5
	5.68

	Binadhan-14
	122
	87
	14.7
	11.5
	20.7
	101.5
	37.8
	21.8
	4.65

	Binadhan-17
	120
	96
	15.9
	12.9
	23.6
	123.9
	31.3
	21.2
	5.36

	BRRI dhan56
	114
	109
	14.4
	12.3
	24.2
	131.7
	21.9
	21.4
	4.92



On-farm and On-station trial of two NERICA rice mutants 
Two NERICA rice mutants along with one check variety BRRI dhan56 were tested in aman season 2015 at BINA HQ (Mymensingh), Tanor (Chapainawabganj) and Godagari (Rajshahi). The experiment was laid out in RCBD with three replications. Unit plot size was 5m x 6m and spacing between hills and rows were 15 cm x 20 cm. Data on days to maturity, plant height, effective tillers hill-1 (no.), Panicle length, filled grains panicle-1 (no.), 1000 grain weight (gm) and grain yield plot-1 (kg) were recorded from five randomly selected plants from each plot. Plot yield was converted to tha-1. From the Table 23, it is observed that the check variety BRRI dhan56 had the highest plant height than other mutants at both the locations.  The highest effective tillers and filled grains panicle-1 were found in N4/350/P-4(5).  The highest grain yield was produced in N4/250/P-4(5) followed by N10/350/P-5-4.  These two mutant lines will be evaluated by field trial in different agro-ecological zones in the next Aus season.

 Table 23. Mean performance of two mutants along with check variety grown at  
                  Tanore,  Godagari, and  Mymensingh during aman season 2015

	Name of genotypes
	Days to maturity
	Plant height (cm)
	Effective tillers hill-1 (no.) 
	Total tillers hill-1 (no.)
	Panicle length (cm)
	Filled grains panicle-1 (no.)
	Unfilled grain panicle-1 (no.)
	1000-grain weight (g)
	Yield (tha-1)

	Tanore (Rajshahi)

	N10/350/P-5-4
	106
	91.2
	15.0
	17.0
	25.0
	117.0
	28.0
	21.0
	4.27

	N4/350/P-4(5)
	109
	104.0
	17.0
	21.0
	24.10
	143.0
	12.35
	22.10
	5.48

	BRRI dhan56 (Check)
	112
	106.0
	14.36
	16.0
	23.49
	123.0
	20.34
	21.40
	4.63

	Godagari (Rajshahi)

	N10/350/P-5-4
	108
	88.34
	12.43
	17.20
	23.03
	105.30
	27.08
	21.0
	4.88

	N4/350/P-4(5)
	107
	100.30
	14.20
	17.42
	24.26
	111.60
	24.38
	22.50
	4.98

	BRRI dhan56 (Check)
	112
	102.27
	15.03
	18.20
	25.09
	118.24
	21.06
	21.35
	4.68

	BINA HQ, Mymensingh

	N10/350/P-5-4
	104
	92.03
	11.04
	14.04
	22.20
	109.38
	24.60
	21.30
	4.40

	N4/350/P-4(5)
	107
	103.60
	13.46
	15.13
	23.07
	131.38
	11.36
	22.15
	4.75

	BRRI dhan56 (Check)
	109
	107.38
	15.36
	16.13
	24.23
	146.23
	10.03
	21.00
	4.23

	Mean over location

	N10/350/P-5-4
	106
	90.52
	12.82
	16.08
	23.41
	110.56
	25.56
	21.10
	4.52

	N4/350/P-4(5)
	108
	102.6
	14.88
	17.85
	23.81
	128.66
	16.03
	22.25
	5.07

	BRRI dhan56 (Check)
	111
	105.2
	14.92
	16.77
	24.27
	129.16
	17.14
	21.25
	4.51



Head to Head Trials
We conducted three head to head trials at three different villages viz., Sutiakhali, Vabkhali and Bhangnabari of Mymensingh district during Boro season 2015-16. Three varieties were used for these trials. All the rice varieties Binadhan-8, Binadhan-10, and BRRIdhan-47 were salt tolerant.  The comparative performance was done between Binadhan-8 vs Binadhan-10, and     Binadhan-8 vs  BRRIdhan-47  in each locations (Table 24-26).
Location: (a) Sutiakhali, Mymensingh: Seeds were sown on 17-12-2015 and transplanted on 27-01-2016. Unit plot size was 28m  14m, spacing between hills and rows were 15cm  20cm, respectively. Crop was harvested in 5m  5m plot. In this experiment, we found there were  significant differences between Binadhan-8 and Binadhan-10 with respect to  days maturity (131-126 days) and grain yield (5.17-5.79 tha-1), where as Binadhan-8 is 3 days earlier with respect of  BRRI dhan47 at days to  maturity (130-133) and its  grain yield (4.58-5.00 tha-1), respectively.                           
Location: (b) Bhagnabari, Mymensingh: Seeds were sown on 25-07-2015 and transplanted on 25-08-2015. Unit plot size was 8m  12m, spacing between hills and rows were 15cm  20cm. Crop was harvested in 5m  5m plot. In this experiment we found tha-1 Binadhan-10 is better than salt tolerant rice variety Binadhan-8 with respect to both of days to maturity (132-124  days) and grain yield (5.82-5.96 tha-1) and there was no significant difference between days to maturity of Binadhan-8 and BRRI dhan47 the grain yield of Binadhan -8 is higher than BRRI dhan47 (5.32-5.70 tha-1).
Location: (c) Vabokhali, Mymensingh; Seeds were sown on 17-12-2015 and transplanted on 26-01-2016. Unit plot size was 32m  12m, spacing between hills and rows were 15cm  20cm. Crop was harvested in 5m  5m plot. In this experiment we found that salt tolerant variety Binadhan-10 is better than salt tolerant variety Binadhan-8 with respect to both of days to maturity (132-128 days) and grain yield 5.80-5.98 tha-1. On the other hand we haven’t found any significant difference of days to maturity between Binadhan-8 and BRRI dhan47 (132-134 days) where as  grain yield was higher Binadhan-8 (5.60-5.75 tha-1) than BRRI dhan47 .                                                        
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  Table 24. Different data of head to head trial at Sutiakhali, Mymensingh 
	Name of variety
	Plant height (cm)

	No of tillers
m-2
	Days to
	Days to maturity (seed to seed)
	No of panicle m-2
	Grains panicle-1
	Fertility percentage
	Yield (tha-1)

	
	
	
	Active tillering stage
	Panicle initiation
	50%
Flowering
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	Filled grain
	Unfilled grains
	

	Binadhan-8
vs
BRRI dhan47
	103
	375
	89
	95
	101
	130
	288
	135
	672
	177
	5.00

	
	101
	446
	92
	98
	105
	133
	424
	123
	618
	210
	4.58

	Binadhan-8
vs
Binadhan-10
	100
	326
	90
	96
	102
	131
	290
	131
	652
	216
	5.17

	
	102
	495
	87
	92
	99
	126
	475
	132
	654
	180
	5.79



Table 25. Different data of head to head trial at Bhagnabari, Mymensingh
	Name of variety
	Plant height (cm)
	No of tillers m-2
	Days to
	Days to maturity (seed to seed)
	No of panicle m-2
	Grains panicle-1
	Fertility percentage
	Yield (tha-1)


	
	
	
	Active tillering stage
	Panicle initiation
	50%
Flowering
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	Filled grain
	Unfilled grains
	

	Binadhan-8
vs.
BRRI dhan47
	108
	586
	88
	97
	104
	133
	468
	98
	424
	119
	5.70

	
	112
	421
	78
	85
	94
	134126
	402
	112
	559
	312
	5.32

	Binadhan-8
vs.
Binadhan-10
	105
	481
	84
	89
	97
	132
	391
	91
	453
	215
	5.82

	
	106
	589
	91
	96
	105
	124
	571
	113
	565
	109
	5.96





 Table 26. Different data of head to head trial at Vabokhali, Mymensingh 
	Name of variety
	Plant height (cm)
	No of tillers m-2
	Days to
	Days to maturity (seed to seed)
	No of panicle m-2
	Grains panicle-1
	Fertility percentage
	Yield 
(tha-1)


	
	
	
	Active tillering stage
	Panicle initiation
	50%
Flowering
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	Filled grain
	Unfilled grain
	

	Binadhan-8
Vs
BRRIdhan-47
	112
	385
	89
	97
	103
	132
	327
	111
	532
	118
	5.75

	
	116
	379
	93
	101
	106
	134
	295
	130
	650
	180
	5.60

	Binadhan-8
vs.
Binadhan-10
	109
	472
	88
	94
	101
	132
	301
	135
	671
	278
	5.80

	
	112
	405
	84
	92
	97
	128
	385
	152
	758
	126
	5.98



 Zonal yield trial of promising dual tolerant rice lines for salinity and submergence prone areas 
Two dual tolerant rice lines along with one check variety Binadhan10 were tested in Boro season 2015-2016 at Kolapara, Patuakhali, Benerpota, Satkhira and Babuganj, Barisal for both salinity and submergence tolerance. The experiment was laid out in RCBD with three replications. Unit plot size was 3m x 4m and spacing between hills and rows were 15 cm and 20 cm, respectively. Data on days to maturity, plant height, effective tillers hill-1(no.), panicle length (cm),  filled grains panicle-1 (no.), 1000-grain weight (gm) and grain yield plot-1(kg) were recorded from five randomly selected plants from each plot. Plot yield was converted into tha-1. From the Table 27, it is observed that line RC-251 has been selected for its best performance. This line can tolerate 8 dSm-1 in saline soil and can also survive 18-20 days of under complete submergence. Its life cycle was 123-126 days and yield was 5.4 tha-1 in Boro season which was more than the check variety.

Table 27. Mean performance of two dual tolerant rice lines along with check variety 
                 grown during Boro season 2015

	
Location

	Mutants/
Varieties


	Plant
height
(cm)
	Days
to maturity
	No of
effective
tillers
hill-1
	Panicle
length 
(cm)
	Filled 
grains
panicle-1
	Unfilled
grains
panicle-1
	Grain yield
(tha-1)

	Kolapara,
Patuakhali

	Binadhan-10
	115
	125
	13
	23
	120

	19
	5.35

	
	RC-251
	118
	126
	14
	24
	129
	30
	5.59

	
	 RC-249
	120
	123
	12
	25
	150
	13
	4.98

	Benerpota, 
Satkhira
	Binadhan-10
	100
	126
	12
	24
	109
	20
	4.55

	
	RC-251
	105
	123
	13
	25
	111
	22
	4. 98

	
	 RC-249
	115
	121
	11
	28
	135
	17
	4. 72

	Babuganj,
Barisal
	Binadhan-10
	98
	126
	12
	22
	101
	16
	5.19

	
	RC-251
	102
	123
	14
	23
	112
	25
	5.65

	
	 RC-249
	105
	122
	12
	25
	130
	21
	5.02

	Combined
 over three
 locations
	Binadhan-10
	104
	125
	12
	23
	110
	18
	5.03

	
	RC-251
	108
	124
	14
	24
	117
	26
	5.41

	
	 RC-249
	113
	122
	12
	26
	138
	17
	4.91



Foreground selection at BC1F1 generation of Binadhan-10×RC-251
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)Selected F1 progenies of Bina10×RC-251 backcrossed with Binadhan-10 and produced a total of 1157 BC1F1 seeds. A total number of 54 BC1F1 genotypes were identified by genotyping with tightly linked salt tolerant markers (RM7075, RM490 and RM493) (Fig. 1) and submergence tolerant markers (RM5688, RM23662 and SC3) (Fig.2).
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RM490
Fig. 1: DNA banding profiles of the genotypes (BC1F1) of Binadhan-10×RC-251 for salinity tolerant SSR markers
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RM5688
Fig. 2: DNA banding profiles of the genotypes (BC1F1) of Binadhan-10×RC-251 for submergence tolerant SSR markers




Growing of BC2F1 generation
Table 28. Cross combination and number of BC2F1 Lines
	Crossing Combination
	No. of BC2F1Lines

	Bina10×RC-191
	32

	Bina10×RC-251
	269

	Bina10×RC-249
	19

	Bina10×RC-222
	28

	Bina11×RC-292
	25

	Bina11×RC-193
	228

	Total
	 576



Evaluation of some selected BC2F4 salt tolerant rice lines
Nineteen salt tolerant rice lines were found promising for early maturity, fine grain and higher seed yield. These 19 lines will be grown for preliminary yield trial.

Introgression of drought tolerant gene into Bangladeshi popular rice varieties through induced mutation and marker assisted selection

A total of 2500 BC2F1 were developed from cross population (NERICA-4 with Binadhan-11, Binadhan-16 and Binadhan-17).

Evaluation of Near Isogenic lines against 16 isolates of  Xoo 
Two seedlings of each line/strain were inoculated at maximum tillering stage (40 days after transplanting) by clipping the leaves 2-3 cm from the tip with sterilized scissors dipped in bacterial suspension of 3 day-old culture of X. oryzae pv oryzae growing on Modified Wakimoto’s Medium. Lesion length was measured at 14 days after inoculation. Mean lesion length (LL) was measured: R (resistant) = LL <5 cm, MR (moderately resistant) = LL 5-10 cm, MS (moderately susceptible) = LL 10-15 cm and S (susceptible) = LL > 15 cm. 
Twenty nine Near Isogenic lines along with two susceptible checks IR24 and TN1 inoculated with 16 isolates of Xoo. Phenotypic data showed varying levels of resistance to 16 isolates (Table 30). 
IRBB13, IRBB51 and IRBB60 lines were showed resistant to all the isolates i.e., lesion length is less than 5 cm where as IRBB50, IRBB61 were moderately susceptible to succeptible i.e., lesion length is 10 to 15 cm or more to almost all the isolates except isolate (BXO2015-2) and isolates (BXO2015-2 and BXO2015-3). Somehow IR24 (susceptible check) showed resistant for isolates BXO2015-2, BXO2015-3 and BXO2015-4 but TN1 (susceptible check) showed susceptible performance. The pathogenicity tests of these three isolates need to be confirmed again.
 
Table 30: Pathogenicity test of BB isolates against NILs along with check varieties and 
                 their disease reaction during Boro 2015-16

	Differential lines/checks
	BX02015-1
	BX02015-2
	BX02015-3
	BX02015-4
	BX02015-5
	BX02015-6
	BX02015-7
	BX02015-8

	IRBB1
	3.34 
	3.36 
	0.73 
	1.70 
	3.43 
	28.40 
	2.06 
	7.00 

	IRBB3
	5.80 
	0.40 
	5.67 
	1.47 
	8.13 
	4.67 
	6.67 
	8.64 

	IRBB4
	12.15 
	3.84 
	2.27 
	1.13 
	5.13 
	7.87 
	1.50 
	7.40 

	IRBB5
	1.50 
	0.25 
	2.10 
	0.31 
	8.84 
	0.53 
	4.50 
	8.83 

	IRBB7
	10.06 
	1.06 
	4.40 
	3.20 
	9.67 
	11.54 
	0.56 
	11.16 

	IRBB8
	11.46 
	2.20 
	4.95 
	0.15 
	10.16 
	6.80 
	3.36 
	7.67 

	IRBB10
	10.80 
	0.21 
	0.16 
	0.19 
	9.86 
	11.67 
	7.46 
	11.83 

	IRBB11
	11.00 
	13.00 
	0.23 
	12.00 
	13.46 
	5.74 
	5.06 
	13.80 

	IRBB13
	0.75 
	0.31 
	0.34 
	0.24 
	0.94 
	1.63 
	0.15 
	1.90 

	IRBB14
	7.10 
	12.46 
	0.16 
	8.17 
	3.50 
	14.13 
	6.40 
	12.10 

	IRBB21
	7.30 
	12.46 
	3.60 
	1.03 
	4.40 
	14.44 
	0.21 
	10.10 

	IRBB23
	12.34 
	18.93 
	9.76 
	13.83 
	14.00 
	0.83 
	11.93 
	10.78 

	IRBB50
	18.00 
	0.23 
	11.5 
	11.50 
	19.33 
	12.33 
	14.50 
	16.33 

	IRBB51
	0.65 
	1.50 
	1.40 
	3.60 
	2.43 
	5.87 
	3.00 
	5.00 

	IRBB52
	2.63 
	6.06 
	0.63 
	0.26 
	3.74 
	0.48 
	1.04 
	3.24 

	IRBB53
	4.36 
	2.56 
	0.62 
	3.06 
	2.33 
	2.53 
	0.23 
	0.40 

	IRBB54
	1.70 
	1.84 
	1.50 
	1.10 
	1.43 
	1.36 
	0.53 
	1.06 

	IRBB55
	1.00 
	1.24 
	13.83 
	1.20 
	3.50 
	2.94 
	3.00 
	2.43 

	IRBB56
	0.86 
	3.00 
	0.24 
	1.70 
	1.13 
	0.90 
	1.20 
	1.13 

	IRBB57
	0.53 
	2.13 
	0.60 
	0.96 
	1.63 
	2.54 
	0.31 
	4.00 

	IRBB58
	2.46 
	1.30 
	1.53 
	1.60 
	2.65 
	0.46 
	1.07 
	2.33 

	IRBB59
	0.71 
	0.27 
	0.47 
	0.56 
	0.48 
	0.50 
	0.56 
	0.63 

	IRBB60
	2.16 
	1.64 
	1.70 
	1.80 
	0.80 
	0.61 
	1.50 
	0.57 

	IRBB61
	18.09 
	0.21 
	0.26 
	9.50 
	20.34 
	20.67 
	11.34 
	19.34 

	IRBB62
	4.27 
	2.67 
	8.00 
	1.53 
	1.93 
	0.59 
	0.23 
	3.36 

	IRBB 63
	2.53 
	0.50 
	1.93 
	1.03 
	1.67 
	1.63 
	1.40 
	3.33 

	IRBB64
	2.20 
	3.00 
	0.21 
	0.21 
	0.63 
	1.80 
	4.07 
	0.73 

	IRBB65
	2.80 
	1.67 
	1.54 
	1.20 
	0.78 
	0.61 
	0.20 
	0.90 

	IRBB66
	0.83 
	1.06 
	0.36 
	1.50 
	9.63 
	1.83 
	2.20 
	4.03 

	IR24 (Susp. check)
	19.00 
	0.26 
	4.50 
	0.34 
	15.33 
	20.33 
	11.34 
	19.67 

	TN1 (Susp. check)
	23.66 
	11.67 
	24.67 
	22.00 
	23.34 
	21.35 
	21.34 
	22.34 




	Differential lines/checks 
	BX02015-9 
	BX02015-10 
	BX02015-11 
	BX02015-12 
	BX02015-13 
	BX02015-14 
	BX02015-15 
	BX02015-16 

	IRBB1 
	0.53 
	9.67 
	3.23 
	9.67 
	2.80 
	2.10 
	6.43 
	8.00 

	IRBB3 
	2.00 
	6.33 
	10.06 
	15.03 
	10.13 
	4.26 
	7.96 
	11.00 

	IRBB4 
	8.06 
	7.57 
	10.63 
	4.4 
	7.40 
	4.30 
	9.90 
	13.90 

	IRBB5 
	0.53 
	4.65 
	5.43 
	5.64 
	3.70 
	3.67 
	6.93 
	12.43 

	IRBB7 
	1.10 
	12.46 
	14.36 
	10.23 
	12.33 
	5.10 
	12.00 
	10.16 

	IRBB8 
	4.73 
	7.50 
	9.33 
	10.74 
	11.26 
	7.80 
	12.43 
	8.53 

	IRBB10 
	9.70 
	10.03 
	12.26 
	14.26 
	11.83 
	6.80 
	13.93 
	13.63 

	IRBB11 
	3.63 
	12.80 
	17.20 
	17.54 
	13.66 
	5.57 
	11.40 
	15.83 

	IRBB13 
	5.00 
	0.93 
	1.20 
	0.34 
	0.28 
	0.70 
	1.83 
	1.90 

	IRBB14 
	8.73 
	14.67 
	11.86 
	11.46 
	8.86 
	0.90 
	0.54 
	1.00 

	IRBB21 
	9.63 
	13.67 
	12.36 
	11.46 
	12.46 
	0.90 
	4.56 
	1.46 

	IRBB23 
	12.43 
	15.66 
	8.67 
	12.26 
	9.63 
	13.84 
	11.90 
	10.33 

	IRBB50 
	10.00 
	15.33 
	13.34 
	16.67 
	16.33 
	23.33 
	9.33 
	15.66 

	IRBB51 
	1.86 
	5.13 
	3.16 
	2.54 
	1.43 
	2.50 
	2.63 
	2.76 

	IRBB52 
	3.34 
	1.97 
	5.67 
	5.36 
	4.34 
	2.90 
	1.67 
	3.60 

	IRBB53 
	2.66 
	2.16 
	2.43 
	0.94 
	0.90 
	1.87 
	3.57 
	2.26 

	IRBB54 
	2.16 
	0.24 
	1.50 
	3.26 
	0.43 
	2.84 
	2.13 
	5.23 

	IRBB55 
	0.80 
	3.06 
	2.36 
	0.33 
	0.84 
	0.54 
	7.20 
	0.80 

	IRBB56 
	0.86 
	2.46 
	8.00 
	0.97 
	1.20 
	3.23 
	3.80 
	1.20 

	IRBB57 
	1.13 
	5.67 
	0.94 
	4.43 
	3.00 
	3.26 
	2.23 
	2.73 

	IRBB58 
	4.13 
	0.94 
	1.64 
	2.57 
	1.30 
	2.90 
	1.20 
	2.13 

	IRBB59 
	1.30 
	0.64 
	0.25 
	0.50 
	0.29 
	0.31 
	0.54 
	1.06 

	IRBB60 
	1.03 
	1.43 
	2.26 
	1.30 
	1.90 
	0.26 
	1.46 
	2.13 

	IRBB61 
	15.33 
	22.67 
	17.67 
	13.67 
	22.67 
	18.00 
	16.33 
	24.66 

	IRBB62 
	0.20 
	4.06 
	2.23 
	2.94 
	2.80 
	1.53 
	2.36 
	3.16 

	IRBB 63 
	3.84 
	0.84 
	2.50 
	5.34 
	2.00 
	0.24 
	5.80 
	3.33 

	IRBB64 
	0.80 
	2.57 
	1.26 
	2.16 
	2.34 
	1.43 
	3.60 
	2.60 

	IRBB65 
	0.23 
	1.40 
	0.36 
	0.34 
	2.30 
	3.30 
	0.25 
	1.20 

	IRBB66 
	12.00 
	2.16 
	0.27 
	19.00 
	0.46 
	0.70 
	0.31 
	1.46 

	IR24 (Sus.check) 
	16.16 
	20.33 
	22.33 
	11.67 
	17.67 
	13.33 
	11.67 
	18.34 

	TN1 (Sus. check) 
	23.34 
	24.0 
	26.0 
	25.0 
	23.67 
	25.67 
	22.67 
	27.66 



	Differential lines/checks 
	BX02015-17 
	BX02015-18 
	BX02015-19 
	BX02015-20 
	BX02015-21 

	IRBB1 
	12.0
	9.07 
	9.21 
	9.67 
	8.80 

	IRBB3 
	9.2
	5.13 
	9.56 
	12.03 
	12.13 

	IRBB4 
	10.4
	6.47 
	10.16 
	14.4 
	7.40 

	IRBB5 
	12.6
	4.15 
	11.13 
	12.64 
	9.70 

	IRBB7 
	13.6
	14.46 
	10.16 
	12.23 
	10.30 

	IRBB8 
	11.0
	8.10 
	8.19 
	11.76 
	12.36 

	IRBB10 
	12.8
	12.13 
	7.25 
	12.23 
	14.83 

	IRBB11 
	7.7
	13.20 
	11.24 
	15.14 
	10.46 

	IRBB13 
	10.2
	11.73 
	11.10 
	10.34 
	9.28 

	IRBB14 
	8.2
	12.57 
	11.86 
	9.46 
	10.86 

	IRBB21 
	2.6
	11.37 
	10.39 
	9.46 
	10.42 

	IRBB23 
	1.7
	14.19 
	8.17 
	10.28 
	9.03 

	IRBB50 
	0.8
	13.38 
	11.36 
	14.67 
	12.03 

	IRBB51 
	1.5
	5.13 
	3.26 
	4.54 
	3.43 

	IRBB52 
	1.3
	3.97 
	5.87 
	5.06 
	3.84 

	IRBB53 
	1.7
	2.85 
	2.13 
	1.94 
	2.90 

	IRBB54 
	1.3
	1.24 
	5.50 
	3.46 
	2.43 

	IRBB55 
	6.2
	2.16 
	3.63 
	2.73 
	3.84 

	IRBB56 
	1.9
	3.48 
	8.44 
	1.67 
	2.20 

	IRBB57 
	2.9
	5.07 
	1.99 
	3.13 
	3.87 

	IRBB58 
	1.4
	1.99 
	2.64 
	2.87 
	3.30 

	IRBB59 
	0.8
	1.60 
	2.25 
	1.50 
	2.29 

	IRBB60 
	1.4
	1.18 
	3.26 
	1.30 
	3.90 

	IRBB61 
	3.4
	10.27 
	7.67 
	3.67 
	2.67 

	IRBB62 
	2.3
	4.26 
	2.23 
	2.94 
	2.80 

	IRBB 63 
	5.6
	0.98 
	2.40 
	5.32 
	3.50 

	IRBB64 
	4.8
	2.07 
	2.26 
	2.96 
	2.54 

	IRBB65 
	3.4
	1.49 
	2.36 
	1.38 
	2.30 

	IRBB66 
	4.9
	2.76 
	3.27 
	4.00 
	1.46 

	IR24 (Sus.check) 
	14.6
	19.33 
	20.39 
	15.65 
	15.63 

	TN1 (Sus. check) 
	13.8
	22.25 
	18.4 
	18.0 
	25.67 




WHEAT
Field evaluation of a high yielding salt tolerant wheat mutant
This experiment was carried out with a salt tolerant and high yielding mutant line of wheat, L-880-43 at 12 different locations of Bangladesh to assess its potentiality for releasing as a variety for both saline and non-saline areas. Of the eight successful experiments, four were in the saline area and the remainder four in the non-saline area.  BARI Gom-25 was used as the check variety.  Seeds were sown at 5-7 cm distances within rows of 20 cm apart during third week of November to first week December 2015. Recommended doses of fertilizers, cultural and intercultural operations were followed as and when necessary. Soil salinity was recorded at every ten days interval during sowing to harvesting from top soil of the experiments at the saline area (Table 30). Data on plant height, effective tiller number, spike length, grains spike-1 and 1000 grain weight were recorded at harvest from randomly selected five competitive plants. Grain yield was recorded by the Field Evaluation Teams headed by the Additional Directors; Department of Agriculture Extension of the respective Region from 10.0 m2 area from each plot which was later converted to tha-1. Finally, all the collected data were subjected to proper statistical analyses and are presented in Table 31. 
Table 30. Salinity records of top soils at of the experimental plots
	Location
	30.11.15
(dSm-1)
	10.12.15
(dSm-1)
	20.12.15
(dSm-1)
	30.12.15
(dSm-1)
	10.1.16
(dSm-1)
	20.1.16
(dSm-1)
	30.1.16
(dSm-1)
	10.2.16
(dSm-1)
	20.2.16
(dSm-1)

	Batiaghata, Khulna
	2.60
	4.87
	6.06
	7.30
	7.81
	8.61
	9.24
	10.32
	12.52

	Ghatkhali, Borguna
	2.11
	3.0
	2.77
	6.93
	-
	7.65
	8.52
	8.0
	8.93

	BJRI sub-station, Patuakhali
	2.86
	5.04
	6.65
	7.84
	8.94
	9.37
	9.76
	9.38
	9.32

	Farmer’s field, Patuakhali
	1.94
	4.55
	6.14
	8.71
	9.67
	10.02
	10.21
	9.43
	9.12



The mutant L-880-43 had significantly longer height than the check variety at all locations except Botiaghata, Khulna (Table 31). At Botiaghata, Khulna the height of the mutant did not differ significantly with the check variety, BARI Gom-25. In contrast, effective tiller number was significantly higher in the mutants at all locations except Ghotkhali, Borguna. 


Table 31. Comparison of yield and some yield attributes of L-880-43 salt tolerant wheat mutant    line with BARI Gom-25 under On-farm Trials in saline and non-saline areas, 2015-2016

	Mutant line
/check
	Plant height (cm)
	Effective tiller 
(no.)
	Spike length (cm)
	Grains panicle-1 (no.)
	1000 grain weight 
(g)
	Yield ha-1 (t)

	Botiaghata, Khulna

	[bookmark: _Hlk421384741]L-880-43
	75.92
	3.15
	8.28
	40.38
	37.32
	1.30

	BARI Gom-25
	76.48
	2.78
	8.45
	34.98
	48.53
	1.00

	LSD (0.05)
	NS
	0.23
	0.30
	1.69
	0.38
	0.06

	Farmer’s field, Patuakhali

	L-880-43
	82.6
	3.25
	8.6
	34.67
	36.56
	2.3

	BARI Gom-25
	80.7
	2.75
	9.43
	26.57
	45.39
	1.8

	LSD (0.05)
	0.84
	0.18
	0.24
	0.15
	1.16
	0.05

	BJRI Sub-station, Patuakhali

	L-880-43
	82.0
	4.5
	9.15
	36.64
	41.51
	2.47

	BARI Gom-25
	70.3
	4.2
	9.5
	27.88
	43.64
	1.99

	LSD (0.05)
	1.73
	0.13
	NS
	1.22
	0.96
	0.08

	Ghatkhali, Borguna

	L-880-43
	69.0
	2.81
	8.55
	32.0
	31.81
	1.54

	BARI Gom-25
	64.0
	2.86
	8.68
	22.80
	39.19
	1.28

	LSD (0.05)
	0.83
	NS
	NS
	1.0
	0.66
	0.05

	Patirajpur, Ishurdi

	L-880-43
	93.15
	4.78
	8.4
	43.20
	37.99
	3.03

	BARI Gom-25
	82.58
	3.50
	9.8
	41.63
	49.14
	2.74

	LSD (0.05)
	2.98
	0.15
	0.41
	1.21
	0.91
	0.18

	BINA Sub-station, Ishurdi
	

	L-880-43
	93.10
	5.75
	7.80
	45.9
	37.44
	2.88

	BARI Gom-25
	85.83
	4.25
	9.85
	37.33
	49.51
	2.51

	LSD (0.05)
	2.15
	0.13
	0.33
	0.86
	1.68
	0.17

	BINA Sub-station, Rangpur

	L-880-43
	107.45
	6.23
	6.23
	46
	38.57
	4.14

	BARI Gom-25
	100.22
	4.77
	4.78
	31.1
	51.56
	3.68

	LSD (0.05)
	3.25
	0.16
	0.40
	1.24
	1.18
	0.09

	Lahirirhat, Rangpur

	L-880-43
	103.5
	6.55
	8.73
	43.25
	38.25
	3.66

	BARI Gom-25
	98.25
	4.63
	10.55
	31.50
	51.50
	3.33

	LSD (0.05)
	1.38
	0.35
	0.41
	3.46
	1.38
	0.07

	Combined means
	
	
	
	
	
	

	L-880-43
	85.66
	4.49
	7.97
	39.03
	36.29
	3.48

	BARI Gom-25
	79.80
	3.60
	8.61
	30.76
	45.87
	2.98

	LSD (0.05) for variety
	0.52
	0.05
	0.07
	0.29
	0.31
	NS

	LSD (0.05) for location
	1.05
	0.10
	0.14
	0.58
	0.61
	3.82

	LSD (0.05) for variety × location
	1.48
	0.14
	0.19
	0.82
	0.87
	NS


* NS - non-significant
At Ghotkhali, Borguna, effective tiller number of the mutant did not differ significantly with the check variety. Unlike effective tiller number, spike length of the mutant was significantly shorter at all locations except BINA sub-station farm, Rangpur. At BINA sub-station farm, Rangpur, spike length of the mutant was significantly longer.  Grains spike-1 was significantly higher in the mutant at all locations while 1000 grain weight was significantly lower.  Finally grain yield, the ultimate goal of any plant breeding program was significantly higher in the mutant at all locations.
From the distinctness, uniformity and stability (DUS) test it was evident that this mutant line differed from the check variety BARI Gom-25 for leaf spiral (flag leaf), flag leaf auricle pigment, spike glaucosity, spike length and grain coloration with phenol (Table 32).
 As the mutant produced significantly higher grain yield at most of the locations under high salinity (Table 1) and showed distinct morphological differences from the check variety, National Seed Board (NSB) of Bangladesh has released this mutant as Binagom-1 upon the recommendation of National Technical Committee (NTC) for commercial cultivation in both saline and non-saline soils.

Table 32. Descriptor of a high yielding salt tolerant wheat Mutant line L-880-43 along with BARI Gom-25

	Sl.
No
	
Characteristics
	L-880-43
	BARI Gom-25

	
	
	Code
	State
	Code
			State

	1.
	Coleoptile pigment (To be done in Laboratory)
	-
	
	1
	1

	2.
	Plant growth habit
	1
	 Erect
	1
	Erect

	3.
	Leaf spiral (Flag leaf)
	3
	Weak
	1
	Absent

	4.
	Flag leaf auricle pigment
	9
	Present
	1
	Absent

	5.
	Flag leaf attitude
	7
	¾ th of the plants with recurved flag leaves
	7
	¾ th of the plants with recurved flag leaves

	6.
	50% spike emergence 
	7
	Medium
	7
	Medium

	7.
	Upper culm node hairs
	1
	Absent or few
	1
	Absent or few

	8.
	Glaucosity: Spike
	7
	Medium
	3
	Weak

	9.
	Glaucosity: Culm (Neck)
	7
	Medium
	7
	Medium

	10.
	Glaucosity: Flag leaf sheath
	7
	Medium
	7
	Medium

	11.
	Anther colour
	1
	Yellowish
	1
	Yellowish

	12.
	Straw wall thickness
	1
	Thin
	1
	Thin

	13.
	Spike density
	5
	Medium
	5
	Medium

	14.
	Spike shape
	5
	Parallel
	5
	Parallel

	15.
	Lower glume: beak length
	3
	Long (1-5 mm )
	3
	Long (1-5 mm )

	16.
	Lower glume: beak spicules
	9
	Present
	9
	Present

	17.
	Lower glume: Shoulder shape
	1
	Slope
	1
	Slope

	18.
	Lower glume: Shoulder width
	1
	Narrow
	1
	Narrow

	19.
	Lower glume: Keel inflection
	9
	Present
	9
	Present

	20.
	Lower glume: Internal hair group
	5
	Hair extending across part of shoulder
	5
	Hair extending across part of shoulder

	21.
	Spike length
	5
	Medium
	7
	Long

	22.
	Awn length (At the tip of ear)
	5
	Medium
	5
	Medium

	23.
	Spike color
	1
	Yellowish
	1
	Yellowish

	24.
	Grain color
	1
	Amber
	1
	Amber

	25.
	Grain shape
	5
	Ovoid
	5
	Ovoid

	26.
	Ventral crease pit
	9
	Present
	9
	Present

	27.
	Embryo shape
	1
	Round
	1
	Round

	28.
	Grain coloration with phenol (To be done in Laboratory)
	9
	Very dark
	3
	Light

	29.
	Other distinct special characters (if any)
	-
	
	-
	




Growing of M2 generation of wheat
With the objectives of selecting high yielding mutants with heat tolerance and shorter duration, the seeds of 2228 M2 populations along with their respective parents were sown during 15-22 December 2015 at BINA Headquarters farm, Mymensingh following spike- progeny- row design. There were 576 M2 population of Pradip (150Gy- 175, 200 Gy- 156, 250 Gy- 121, 300 Gy- 124), 938 of BARI Goam-25 (150Gy- 267, 200 Gy- 235, 250 Gy- 250, 300 Gy- 186) and 714 of GP (150Gy- 180, 200 Gy- 184, 250 Gy- 166, 300 Gy- 184). Recommended doses of fertilizers were applied and cultural and intercultural practices were followed. 
 Data on 50% flowering date was collected progeny basis and plant height, tiller number, spike length, grain number, grain weight plant-1 and 1000 grain weight were recorded from randomly selected five competitive plants after harvest. Ten progenies were selected from 150 Gy, and one each from 200 Gyand 250Gy doses irradiated populations of Pradip based on higher grain yield plant-1and 1000 grain weight (Table 33). In contrast, 23, 2, 3 and 1 progenies, respectively, from 150 Gy, 200 Gy, 250 Gy and 300 Gy doses irradiated populations of BARI Gom-25 were selected (Table 34). Moreover, 13 and 1 progenies have been selected from 200 Gy, and 300 Gy doses irradiated populations of Germplasm (Table 35). All these selections will be evaluated for short duration, higher yield together with heat and drought tolerances in the next year.
Table 33. Yield and yield contributing characters of some selected M2 populations of   
                 Pradip from different doses of gamma rays 

	Mutants/
parents
	Days to 50% flowering
	Plant height (cm)
	Spike length (cm)
	Grain
spike-1 (no.)
	Grain weight hill-1 (g)
	1000 Grain weight (g)

	150 Gy
	
	
	
	
	
	

	P/15/1
	64
	86.4
	12.0
	32.8
	6.76
	46.50

	P/15/12
	65
	87.4
	12.4
	44.2
	7.06
	35.52

	P/15/38
	65
	82.6
	11.4
	34.8
	6.46
	45.17

	P/15/41
	67
	82.0
	12.0
	44.4
	6.60
	44.00

	P/15/44
	67
	84.8
	11.8
	39.4
	6.48
	44.77

	P/15/45
	65
	88.4
	12.4
	41.0
	6.68
	43.17

	P/15/53
	66
	80.0
	11.8
	28.8
	6.42
	56.31

	P/15/54
	66
	83.4
	12.0
	36.4
	5.28
	55.93

	P/15/67
	67
	83.4
	12.2
	39.2
	8.06
	48.57

	P/15/103
	67
	80.4
	12.2
	47.6
	6.60
	40.12

	200Gy
	
	
	
	
	
	

	P/20/49
	68
	88.8
	12.25
	37.0
	7.82
	35.13

	250 Gy
	
	
	
	
	
	

	P/25/94
	62
	99.4
	11.2
	39.2
	6.50
	33.57

	Control
	62
	86.0
	11.33
	42.6
	5.07
	43.88

	Mean
	-
	85.0
	11.87
	37.0
	5.19
	39.65

	SE
	-
	5.0
	1.29
	5.4
	1.34
	7.95



Table 34. Yield and yield contributing characters of some selected M2 populations of  
                BARI Gom-25 from different doses

	Mutants/
parents
	Days to 50% flowering
	Plant height (cm)
	Spike length (cm)
	Grain
spike-1 (no.)
	Grain weight hill-1 (g)
	1000 Grain weight (g)

	150 Gy
	
	
	
	
	
	

	BG25/15/24
	65
	90.8
	10.0
	38.8
	7.76
	45.51

	BG25/15/28
	64
	88.8
	10.8
	32.7
	6.54
	42.97

	BG25/15/29
	63
	86.2
	10.0
	34.0
	6.8
	41.29

	BG25/15/33
	67
	91.6
	10.6
	35.1
	7.02
	32.61

	BG25/15/42
	63
	95.6
	10.8
	35.4
	7.08
	40.8

	BG25/15/54
	63
	94.2
	11.8
	31.9
	6.38
	32.35

	BG25/15/61
	66
	93.8
	12.0
	41.3
	8.26
	38.81

	BG25/15/62
	66
	88.4
	10.6
	32.4
	6.48
	37.95

	BG25/15/68
	67
	90.2
	11.2
	36.5
	7.30
	42.72

	BG25/15/75
	67
	86.0
	9.6
	31.9
	6.38
	34.45

	BG25/15/82
	67
	94.0
	11.0
	31.1
	6.22
	37.51

	BG25/15/90
	63
	89.6
	10.4
	32.4
	6.48
	46.56

	BG25/15/102
	65
	92.0
	10.4
	32.9
	6.58
	44.14

	BG25/15/106
	66
	88.8
	11.2
	34.8
	6.96
	31.95

	BG25/15/130
	66
	85.4
	10.0
	32.7
	6.54
	40.77

	BG25/15/149
	67
	94.6
	11.8
	31.3
	6.26
	35.57

	BG25/15/152
	64
	91.2
	10.2
	32.4
	6.48
	41.69

	BG25/15/187
	67
	90.6
	10.6
	35.1
	7.02
	40.63

	BG25/15/189
	66
	91.4
	11.0
	33.2
	6.64
	43.20

	BG25/15/204
	67
	89.6
	11.0
	35.8
	7.16
	40.21

	BG25/15/219
	67
	89.8
	10.8
	33.8
	6.76
	38.44

	BG25/15/237
	67
	89.4
	10.8
	30.9
	6.18
	38.00

	BG25/15/242
	65
	94.4
	11.0
	31.5
	6.30
	43.69

	200Gy
	
	
	
	
	
	

	BG25/20/16
	67
	85.8
	10.6
	32.6
	6.52
	42.48

	BG25/20/231
	67
	92.0
	9.6
	31.3
	6.26
	35.10

	250 Gy
	
	
	
	
	
	

	BG25/25/80
	67
	89.5
	12.0
	31.5
	6.30
	42.69

	BG25/25/161
	66
	91.8
	11.8
	35.1
	7.02
	37.51

	BG25/25/199
	65
	92.8
	10.8
	32.0
	6.40
	38.55

	300 Gy
	
	
	
	
	
	

	BG25/30/100
	65
	94.0
	11.20
	31.4
	6.28
	40.42

	Control
	67
	88.9
	10.81
	24.91
	4.98
	35.26

	Mean
	-
	87.1
	10.47
	25.1
	5.01
	38.90

	SE
	-
	10.0
	0.62
	5.9
	1.18
	4.18



Table 35. Yield and yield contributing characters of some selected M2 populations of a        
                germplasm from different doses of gamma rays

	Mutants/
parents
	Days to 50% flowering
	Plant height (cm)
	Spike length (cm)
	Grain
spike-1 (no.)
	Grain weight hill-1 (g)
	1000 Grain weight (g)

	200Gy
	
	
	
	
	
	

	GP/20/36
	60
	65.0
	9.0
	26.4
	5.28
	33.80

	GP/20/38
	59
	59.3
	8.8
	21.0
	4.20
	28.25

	GP/20/64
	58
	58.6
	8.8
	22.2
	4.44
	27.97

	GP/20/89
	60
	64.6
	10.2
	22.2
	4.44
	30.00

	GP/20/99
	58
	57.4
	9.0
	36.8
	7.36
	31.71

	GP/20/111
	55
	57.2
	8.4
	19.2
	3.84
	29.73

	GP/20/118
	60
	46.0
	8.8
	21.0
	4.20
	30.13

	GP/20/130
	58
	54.0
	8.2
	24.7
	4.94
	31.31

	GP/20/143
	52
	58.4
	7.6
	23.6
	4.72
	32.02

	GP/20/144
	59
	58.6
	8.8
	25.8
	5.16
	30.12

	GP/20/161
	59
	56.8
	8.0
	22.4
	4.48
	32.59

	GP/20/171
	59
	53.8
	9.6
	20.3
	4.06
	27.93

	GP/20/180
	60
	55.2
	8.4
	20.7
	4.14
	33.77

	300 Gy
	
	
	
	
	
	

	GP/30/142
	60
	65.0
	9.6
	23.4
	4.68
	38.90

	Control
	59
	44.9
	6.55
	13.9
	2.79
	30.20

	Mean
	-
	57.9
	8.61
	18.3
	3.66
	31.11

	SE
	-
	4.70
	0.66
	5.1
	1.03
	5.22



Groundnut	
Observation trial with M4 population of groundnut 
This experiment was conducted with 17 M4 mutant lines along with the check variety Binachinabadam-4 to select higher yielding mutants with shorter duration. Of the mutants 15 were derived from Dacca-1 and the remainder two from PK-1. The seeds were sown on 17 December 2015 at BINA HQ. Farm, Mymensingh following RCB design with three replications. Unit plot size was 3.0 m × 2.0 m. Row to row and plant to plant distances were 30 cm and 15 cm, respectively. Recommended fertilizer dose, cultural and intercultural operations were also followed. The experiment was harvested on 28 April, 2016. Data on plant height, pod plant-1, pod weight plant-1, 100 pod weight, and shelling (%) were gathered after harvest from randomly selected 10 competitive plants. Pod yield was recorded from an area of 1.0 m2.  Finally, all the records were subjected to proper statistical analyses and are presented in Table.1
Table 36. Means of pod yield and yield attributes of M4 mutant lines of groundnut 
	Mutants/Parents
	Plant height (cm)
	Pod 
plant-1
(no.)
	Pod yield
Plant-1
 (g)
	100-Pod weight 
(g)
	Shelling (%)
	Yield 
(tha-1)


	PK1/15/65
	27.57
	14.54
	9.26
	56.80
	65.00
	2.04

	PK1/15/69
	26.70
	18.15
	11.62
	58.01
	64.59
	2.56

	D1/15/34
	34.07
	17.70
	10.89
	72.00
	75.83
	2.05

	D1/30/4
	33.50
	15.80
	11.50
	60.12
	60.12
	2.02

	D1/25/33
	33.07
	18.47
	11.50
	65.06
	79.85
	2.15

	D1/15/9
	34.85
	19.19
	11.93
	68.60
	78.12
	2.34

	D1/15/52
	34.40
	15.00
	6.77
	65.92
	81.67
	1.76

	D1/15/18
	34.70
	20.30
	13.08
	67.90
	70.20
	2.88

	D1/15/16
	36.07
	16.50
	9.81
	64.52
	65.81
	1.86

	D1/15/27
	30.23
	13.05
	7.40
	58.94
	75.34
	1.45

	D1/15/51
	30.65
	11.10
	5.91
	58.98
	76.00
	1.63

	D1/15/26
	33.66
	16.77
	11.15
	64.37
	73.23
	2.39

	D1/15/7
	31.13
	16.55
	9.31
	60.00
	75.82
	1.78

	D1/15/12
	40.37
	20.20
	12.92
	66.92
	76.30
	2.84

	D1/15/40
	38.00
	20.95
	12.36
	61.22
	78.58
	2.32

	D1/15/31
	33.77
	22.05
	12.67
	53.66
	63.90
	2.80

	D1/20/57
	36.15
	13.65
	8.59
	59.88
	72.45
	1.86

	Binachinabadam-4 (Check)
	34.93
	14.23
	10.67
	71.70
	71.30
	2.03

	LSD (0.05)
	3.32
	1.82
	1.86
	3.05
	4.60
	0.03



It is evident from the result that plant height of the mutant lines ranged 26.70 cm to 40.37 cm with D1/15/20 being the tallest while PK1/15/69 the shortest of all (Table 36). Pod number ranged 11.10 to 22.05 with D1/15/31 being highest while D1/15/51 the least. One mutant, PK1/15/69 derived from the parent PK-1 and 10 other mutants derived from the parent Dacca-1 had significantly higher pod number than the check variety, Binachinabadam-4. Pod yield plant-1 ranged from 5.91 g to 13.08g with D1/15/18 being the highest while D1/15/51 the lowest. The mutants, D1/15/18, D1/15/12 and D1/15/31 had significantly higher pod yield plant-1 than the check variety. Pod size expressed here as 100- pod weight ranged 53.66g to 72.0g with D1/15/34 being the largest while D1/15/31 the smallest. 
 Shelling percentage ranged from 60.12 to 81.67 with D1/15/52 being highest while D1/30/4 the least. The mutant lines, D1/25/33, D1/15/9, D1/15/52, D1/15/51 and D1/15/12 had significantly higher shelling than the check variety.Pod yield ha-1, the ultimate goal of any plant breeding program ranged 1.45 t ha-1 to 2.88 t ha-1 with D1/15/18 being the highest while D1/15/27 being the lowest. Finally, seven mutant lines have been selected based on significantly higher pod yield ha-1than the most popular variety, Binachinabadam-4. These mutants will be put into preliminary yield trial, next season.
Growing of M2 generation of groundnut
With a view to develop short duration, high yielding variety with drought, salinity, high/low temperature tolerances and multiple resistance/tolerance to diseases and insect pests, dry seeds of Binachinabadam-6 was irradiated with 282 Gy dose of gamma-rays  from IAEA’s Seibersdorf Laboratories, Austria in 2014. Eighty one plants were harvested and pods were kept separately. Seeds of these plants were sown in plant progenies separately on 8 December 2015 at 15 cm distance within rows of 40 apart at BINA HQ Farm, Mymensingh. The parent was included as the check. Recommended fertilizer dose, cultural and intercultural operations were also followed. Data were gathered after harvest from randomly selected 10 competitive plants and are presented in Table 37.  Fourteen mutants have been selected with either significantly higher pod number plant-1 or pod yield plant-1than their parent that will be forwarded in M3 generation, next year. 








Table 37. Pod number and pod per plant and yield of M2 generation of groundnut
	Mutants/
Parent
	Pod plant-1
(no.)
	Yield plant-1 (g)
	100- pod weight (g)

	B6/282/11
	19.0
	17.0
	89.47

	B6/282/50
	15.9
	15.0
	94.34

	B6/282/53
	16.0
	15.6
	97.50

	B6/282/56
	14.5
	14.4
	99.31

	B6/282/62
	14.5
	15.7
	108.28

	B6/282/63
	16.3
	15.6
	95.71

	B6/282/64
	16.0
	15.3
	95.63

	B6/282/65
	16.6
	15.5
	93.37

	B6/282/66
	16.0
	15.8
	98.75

	B6/282/67
	15.5
	14.5
	93.55

	B6/282/68
	14.8
	14.2
	95.95

	B6/282/70
	16.3
	15.4
	94.48

	B6/282/77
	16.9
	15.5
	91.72

	B6/282/80
	17.57
	17.6
	100.17

	Binachinabadam-6
	11.39
	13.24
	116.24

	SE
	± 3.7
	± 2.38
	±1.74



RAPESEED-MUSTARD
On-station yield trial with F9 rapeseed lines
One F9 rapeseed line RC-9 and one mutant MM-64 along with three check varieties Binasarisha-9, Binasarisha-10 and Tori-7 were evaluated through this on-station trial. The trial was conducted at the experimental farms of BINA Headquarters farm, Mymensingh and sub-stations at Ishurdi, Magura and Rangpur. The experiment was laid out in a randomized complete block design with three replications. Seeds were sown on last week of October 2015 at Ishurdi, Magura and Rangpur. Unit plot size was 20m2 (5m  4m) with 25cm line to line spacing and 6-8 cm from plant to plant within lines. Recommended production packages i. e., application of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal plant growth and development. Data on plant height, branches plant-1, siliquae plant-1, seeds siliqua-1 and 1000-seed weight were taken from 10 randomly selected plants from each plot. Maturity period was counted when 90% siliquae were matured. Seed yield of each plot was recorded after harvest and converted into kg ha-1. Appropriate statistical analyses were performed for comparison of means of each character. 
Results obtained from the trail of individual location and combined over four locations for all the characters are presented in Table 38. Significant variations were observed among the mutants and the check varieties for all of the characters in both of individual location and combined over locations. 
At Magura, MM-64 produced higher seed yield 1950 kg ha-1 with 97 number of siliqua plant-1 which was followed by Binasharisha-10 having 1900 kg ha-1 seed yield and Tori-7 produced the lowest seed yield (1360 kg ha-1). On an average, maturity period varied from 81 days in Tori-7 to 91 days in MM-64 while RC-9 required 85 days and the maturity period of Binasharisha-9 & Binasharisha-10 were 89 days & 84 days, respectively. Binasarisha-9 produced the highest seed yield of 1736 kg ha˗1 followed by MM-64 (1706 kg ha˗1) and Tori-7 produced the lowest of 1189 kg ha˗1 seed yield. Among the four locations, seed yield performance at Magura was observed the highest (1732 kg ha˗1) and the lowest (1351 kg ha˗1) was at Ishurdi.
Table 38. Performance of rapeseed mutants and check in on-station trial for different characters at four locations during 2015-16
	Locations
	Mutant/line
	Plant height (cm)
	Branches plant-1 (no)
	Siliqua 
plant-1 (no)
	Seeds silique-1 (no)
	Pod length (cm)
	Days to maturity
	 Seed yield
(kg ha-1)

	Mymensingh
	RC-9
	96a
	4.2a
	117b
	15.6b
	5.6c
	80c
	1325b

	
	MM-64
	74d
	2.2c
	58e
	25.4a
	7.7b
	89a
	1610a

	
	Binasharisha-9
	70e
	2.4c
	63d
	27.5a
	8.6a
	85b
	1660a

	
	Binasarisha-10
	90b
	4.3a
	121a
	13.5b
	5.2c
	82c
	1410b

	
	Tori-7
	79c
	3.1b
	111c
	15.1b
	5.1c
	75d
	1165c

	Ishurdi
	RC-9
	97ab
	6.1a
	178b
	15.7b
	5.5b
	85b
	1218bc

	
	MM-64
	97ab
	3.6b
	188a
	23.6a
	7.5a
	90a
	1530a

	
	Binasharisha-9
	95b
	3.8b
	160c
	23.5a
	8.1a
	85b
	1625a

	
	Binasarisha-10
	98a
	5.7a
	123d
	15.7b
	5.2b
	80c
	1300b

	
	Tori-7
	77c
	4.1b
	162c
	15.8b
	5.0b
	80c
	1080c

	Magura
	RC-9
	113a
	4.9a
	114c
	16.7b
	3.9c
	86b
	1600c

	
	MM-64
	114a
	2.9b
	97d
	27.5a
	7.0b
	90a
	1950a 

	
	Binasharisha-9
	104b
	3.1b
	90e
	27.7a
	7.6a
	90a
	1850b

	
	Binasarisha-10
	111a
	4.9a
	122b
	16.0b
	4.0c
	85b
	1900ab

	
	Tori-7
	88c
	4.4a
	133a
	15.5b
	3.6c
	84b
	1360d

	Rangpur
	RC-9
	103b
	3.7a
	108c
	13.9d
	5.9b
	87b
	1283bc

	
	MM-64
	110a
	2.5c
	94d
	21.9a
	8.2a
	95a
	1733a

	
	Binasharisha-9
	98c
	3.2b
	104c
	19.8b
	8.7a
	95a
	1810a

	
	Binasarisha-10
	100c
	3.6a
	128a
	16.7c
	5.3c
	87b
	1390b

	
	Tori-7
	84d
	3.1b
	121b
	12.9d
	5.0c
	84b
	1150c

	Combined means over location
	RC-9
	102a
	4.7a
	129a
	15.5b
	5.2c
	85b
	1357bc

	
	MM-64
	99b
	2.8c
	109c
	24.6a
	7.6b
	91a
	1706a

	
	Binasharisha-9
	92c
	3.1bc
	104d
	24.6a
	8.3a
	89a
	1736a

	
	Binasarisha-10
	100ab
	4.7a
	124b
	15.5b
	4.9c
	84b
	1500b

	
	Tori-7
	82d
	3.7b
	132a
	14.9b
	4.7c
	81c
	1189c

	Location means
	Mymensingh
	82d
	3.3b
	94c
	19.4a
	6.4a
	82c
	1434bc

	
	Ishurdi
	93c
	4.7a
	162a
	18.9ab
	6.2a
	84bc
	1351c

	
	Magura
	106a
	4.1a
	111b
	20.7a
	5.2b
	87ab
	1732a

	
	Rangpur
	99b
	3.2b
	111b
	17.0b
	6.6a
	90a
	1473bc


In a column, values with same letter(s) for individual location/combined means do not differ significantly at 5% level by DMRT. 

On-farm trial with F9 rapeseed lines
One F9 rapeseed line RC-9 and one mutant MM-64 along with three check varieties Binasarisha-9, Binasarisha-10 and Tori-7 were evaluated through this on-farm trial. The trial was conducted in the farmers’ fields at Magura, Rangpur, Tangail and Manikgonj. The experiment was laid out in a randomized complete block design with three replications. Seeds were sown on last week of October 2015 at Rangpur and Magura, and mid November at Manikgonj and Tangail. Unit plot size was 20m2 (5m  4m) with 25cm line to line spacing and 6-8cm from plant to plant within lines.
Recommended production packages i. e., application of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal plant growth and development. Data on plant height, branches plant-1, siliqua plant-1 and seeds siliqua-1 were taken from 10 randomly selected plants from each plot. Maturity period was counted when 90% siliquae were matured. Seed yield of each plot was recorded after harvest and converted into kg ha-1. Appropriate statistical analyses were performed for comparison of means of each character.
Results obtained from the trial of individual location and combined over four locations for all the characters are presented in Table 39. Significant variations were observed among the mutants and check varieties for all of the characters in both of individual location and combined over locations. 
On an average, maturity period varied from 82 in Tori-7 to 90 days in MM-64 where RC-9 required 84 and the maturity period of Binasarisha-9 & Binasarisha-10 was 88 days & 85 days, respectively. The highest number of siliqua  plant-1 (129) was produced in RC-9 at Rangpur while the lowest number (54) was found in Binasarisha-9. Average number of seeds siliqua-1 ranged from 26.7 in MM-64 to 15.4 in RC-9. On an average, Binasarisha-9 produced the highest seed yield (1506 kg ha-1) closely followed by Binasarisha-10 with seed yield 1504 kg ha˗1 and Tori-7 produced the lowest seed yield of 1308 kg ha-1. Among the four locations, Rangpur performed better in seed yield (1707 kg ha˗1) followed by Magura (1471 kg ha˗1).
Table 39. Mean performance of rapeseed mutants and check in on-farm trial for different characters at four different farmers’ field during 2015-16
	Locations
	Mutant/line
	Plant height (cm)
	Branches plant-1 (no.)
	Siliqua 
plant-1 (no.)
	Seeds silique-1 (no.)
	Pod length (cm)
	Days to maturity
	 Seed yield
(kg ha-1)

	Magura
	RC-9
	106b
	3.0b
	75c
	15.7c
	5.6c
	80b
	1483NS

	
	MM-64
	108b
	3.4b
	88b
	27.7a
	7.9b
	86a
	1447

	
	Binasarisha-9
	97c
	2.7b
	84b
	28.9a
	8.6a
	84ab
	1458

	
	Binasarisha-10
	124a
	4.9a
	98a
	18.5b
	5.1d
	82ab
	1517

	
	Tori-7
	94c
	3.3b
	103a
	18.5b
	4.8d
	79b
	1450

	Rangpur
	RC-9
	108a
	3.5b
	129a
	14.1cd
	6.0b
	87c
	1450c 

	
	MM-64
	104a
	3.1b
	97c
	27.6a
	8.8a
	96a
	1733a

	
	Binasarisha-9
	92b
	3.1b
	100c
	23.4b
	8.6a
	96a
	1516bc

	
	Binasarisha-10
	109a
	4.3a
	103c
	16.5c
	5.0c
	91b
	1883a

	
	Tori-7
	89b
	3.3b
	116b
	13.6d
	5.1c
	88bc
	1650b

	Tangail
	RC-9
	115a
	4.0a
	88b
	16.4c
	6.1c
	85b
	1200ab

	
	MM-64
	94bc
	1.8c
	62c
	25.5a
	8.6b
	89a
	1242a 

	
	Binasarisha-9
	88c
	2.6bc
	64c
	26.0a
	9.1a
	84bc
	1317a

	
	Binasarisha-10
	100b
	3.0ab
	85b
	20.8b
	5.2d
	86b
	1283a

	
	Tori-7
	94bc
	3.1ab
	98a
	14.3c
	4.9d
	83c
	1083b

	Manikgonj
	RC-9
	103a
	4.1a
	82a
	15.3b
	5.6b
	84b
	1400b 

	
	MM-64
	105a
	3.0b
	62b
	26.0a
	8.2a
	90a
	1316b

	
	Binasarisha-9
	95b
	2.7b
	54b
	24.7a
	8.7a
	90a
	1633a

	
	Binasarisha-10
	103a
	4.3a
	83a
	17.8b
	4.9c
	81bc
	1333b

	
	Tori-7
	89c
	4.0a
	91a
	16.1b
	4.9c
	80c
	1050c

	Combined means over location
	RC-9
	108ab
	3.7a
	94b
	15.4c
	5.8b
	84b
	1383bc 

	
	MM-64
	103b
	2.8b
	77c
	26.7a
	8.4a
	90a
	1410ab

	
	Binasarisha-9
	93c
	2.8b
	76c
	25.8a
	8.8a
	88a
	1506a

	
	Binasarisha-10
	109a
	4.1a
	92b
	18.4b
	5.0c
	85b
	1504a

	
	Tori-7
	97c
	3.4ab
	102a
	15.6c
	4.9c
	82b
	1308c

	Location means
	Magura
	106a
	3.5a
	90b
	21.8a
	6.4a
	82c
	1471b

	
	Rangpur
	100a
	3.5a
	109a
	19.1b
	6.7a
	92a
	1707a

	
	Tangail
	98a
	2.9a
	80c
	20.6ab
	6.8a
	85b
	1225c

	
	Manikgonj
	99a
	3.6a
	74c
	19.9ab
	6.5a
	85b
	1287c


In a column, values with same letter(s) for individual location/combined means do not differ significantly at 5% level by DMRT. 
Zonal yield trial with M8 mustard (B. juncea) mutants 

Three M8 mutants along with two check varieties (Binasarisha-7 and BARI Sarisha-11) were assessed to see their overall performance at Ishurdi, Magura and Rangpur. The trial was conducted in a randomized complete block design with three replications. Seeds were sown within second week of November 2015. The unit plot size was 4m × 3m keeping 25-30cm line to line spacing and 6-8cm from plant to plant within the lines. Data were taken for plant height, number of branches plant-1, siliqua plant-1 and seeds siliqua-1 from randomly selected 10 plants of each plot. Recommended management practices, fertilizer doses, intercultural operation etc. was followed carefully throughout the experiment. Maturity period was considered when 80% siliqua and plants turned into brownish in colour in each plot. Seed yield of each plot was recorded and appropriate statistical analyses were performed for comparison of means of all entries and check.
Mean performance showed significant variations among the mutants and check for most of the characters in individual location and combined over three locations (Table 40). 
On an average, among the mutants, MM-36 produced the highest number of 201 siliquae plant-1 followed by MM-37 with 184 siliqua plant-1, and seed yield produced by the mutants and check varieties was statistically non-significant. Among the mutants and check, MM-35 required the shortest maturity period (104 days) while BARI Sarisha-11and Binasharisha-7 required 111 days. Among three locations, seed yield performance was better at Rangpur (1854 kg ha-1) followed by Magura (1706 kg ha-1) and Ishurdi (1700 kg ha-1).
Table 40. Mean performance of mustard mutants and check for different characters at Ishurdi, Magura and Rangpur during 2015-16
	Locations
	Mutant/line
	Plant height (cm)
	Branches plant-1 (no)
	Siliqua 
plant-1 (no)
	Seeds silique-1 (no)
	Pod length (cm)
	Days to maturity
	 Seed yield
kg ha-1

	Ishurdi
	MM-35
	161a
	3.9ab
	153d
	10.3b
	3.8a
	100c
	1609b

	
	MM-36
	159a
	4.4a
	285a
	12.7a
	4.5a
	105b
	1622ab

	
	MM-37
	143b
	3.7ab
	214c
	12.1ab
	4.0a
	107ab
	1822a

	
	Binasarisha-7
	168a
	3.3b
	246b
	10.3b
	4.3a
	110a
	1791ab

	
	BARI Sarisha-11
	167a
	4.0ab
	202c
	12.5ab
	4.2a
	110a
	1655ab

	Magura
	MM-35
	162b
	3.4ab
	141b
	11.3ab
	3.0b
	104b
	1797a

	
	MM-36
	184a
	3.7a
	167a
	12.0a
	3.3ab
	107ab
	1796a

	
	MM-37
	173ab
	3.2b
	169a
	10.5b
	3.0b
	107ab
	1611b

	
	Binasarisha-7
	168b
	2.7c
	126c
	12.1a
	3.4a
	112a
	1633b

	
	BARI Sarisha-11
	172ab
	3.2b
	122c
	11.5ab
	3.1ab
	112a
	1691b

	Rangpur
	MM-35
	148bc
	2.9a
	126c
	11.9a
	3.3a
	107c
	1722b

	
	MM-36
	149bc
	2.8a
	151ab
	12.2a
	3.6a
	108c
	1777ab

	
	MM-37
	145c
	2.1ab
	168a
	12.5a
	3.6a
	109b
	1955ab

	
	Binasarisha-7
	160a
	2.1ab
	161ab
	12.9a
	3.5a
	111a
	2039a

	
	BARI Sarisha-11
	155ab
	1.8b
	147b
	12.3a
	3.2a
	111a
	1778ab

	Combined means over location
	MM-35
	157ab
	3.4a
	140c
	11.2a
	3.4a
	104c
	1709NS

	
	MM-36
	164a
	3.6a
	201a
	12.3a
	3.8a
	107b
	1732

	
	MM-37
	154b
	3.0ab
	184b
	11.7a
	3.5a
	108b
	1796

	
	Binasarisha-7
	165a
	2.7b
	178b
	11.8a
	3.7a
	111a
	1821

	
	BARI Sarisha-11
	165a
	3.0ab
	157c
	12.1a
	3.5a
	111a
	1708

	Location means
	Ishurdi
	159bc
	3.9a
	221a
	11.6a
	4.2a
	106a
	1700a

	
	Magura
	172a
	3.2a
	145b
	11.5a
	3.2b
	108a
	1706a

	
	Rangpur
	152c
	2.3a
	150b
	12.3a
	3.5b
	109a
	1854a


N. B.: In a column, values with same letter(s) for individual location/combined means do not differ significantly at 5% level by DMRT. 
Preliminary yield trial with M4 rapeseed mutants
Eight M4 mutants along with one check (BARI Sarisha-15) were assessed to see their overall performance at BINA Headquarters farm, Mymensingh. The trial was conducted in a randomized complete block design with three replications. Seeds were sown within second week of November 2015. The unit plot size was 3m × 2m keeping 25-30cm line to line spacing and 6-8cm from plant to plant within the lines. Data were taken for plant height, number of branches plant-1, siliquae plant-1, seeds siliqua-1, pod length, days to maturity and seed yield from randomly selected 10 plants of each plot. Recommended management practices, fertilizer doses, intercultural operation etc. was followed carefully throughout the experiment. Maturity period was considered when 80% siliqua and plants turned into brownish in colour in each plot. Seed yield of each plot was recorded and appropriate statistical analyses were performed for comparison of means of all entries and check.
Significant variations were found among the mutants and check for most of the characters (Table 41). 
Among the mutants, RM-10 produced the highest number of 55 siliqua plant-1 followed by RM(t)-03 with 54 siliquae plant-1. Number of seeds siliqua-1 ranged from 20.5 in RM-06 to 25.3 in RM(t)-03 and RM(d)-07. Among the mutants and check, RM(d)-07 required the shortest maturity period (80 days) while BARI Sarisha-15 required  the longest (84 days). Pod length ranged from 4.6 in RM (t)-03 and RM-10 to 4.0 in RM-06. RM-10 produced the highest seed yield (1250 kg ha-1) followed by RM (d)-07 (1230 kg ha-1) and RM-08 (1200 kg ha-1), and RM-11 produced the lowest seed yield (877 kg ha-1) .
Table 41. Performance of rapeseed mutants and check for different characters at BINA Headquarters farm, Mymensingh during 2015-16
	Mutant/line
	Plant height (cm)
	Branches plant-1 (no.)
	Siliqua 
plant-1 (no.)
	Seeds silique-1 (no.)
	Pod length (cm)
	Days to maturity
	 Seed yield
(kg ha-1)

	RM(t)-03
	93bc
	4.6b
	54a
	25.3a
	4.6a
	82ab
	1100bc

	RM(m)-05
	90c
	4.9ab
	45b
	24.2ab
	4.1ab
	83ab
	1160a

	RM(d)-07
	97bc
	4.5b
	46b
	25.3a
	4.4ab
	80b
	1230ab

	RM-08
	92c
	5.0ab
	51ab
	22.9b
	4.3ab
	83ab
	1200ab

	RM-10
	94bc
	5.3a
	55a
	25.0a
	4.6a
	81ab
	1250a

	RM-06
	97bc
	4.4b
	42b
	20.5c
	4.0b
	83ab
	941c

	RM-09
	96bc
	4.3b
	44b
	21.2c
	4.2ab
	84a
	986c

	RM-11
	98b
	4.5b
	43b
	21.6c
	4.1ab
	82ab
	877c

	BARI Sarisha-15
	104a
	5.0ab
	40b
	23.0b
	4.5ab
	84a
	1120b


Growing of F5 population 
Fifteen F5 lines from the cross between Binasarisha-4 and Tori-7 were grown at BINA sub-station farm, Rangpur. From them a total of 11 lines were selected primarily for further selection in F6 generation.
Growing of M3 population 
A large number of M3 variants, developed from BARI Sarisha-14 and accession LYS were grown in plant-progeny-rows for selecting desirable mutants at BINA Headquarters farm, Mymensingh. From them, a total of 19 mutant variants were selected primarily for further selection in M4 generation.
Growing of F1 population 
F1 population from crosses Binasarisha-9 × Tori-7, Binasarisha-4 × BARI Sarisha-14,    Binasarisha-9 × BARI Sarisha-14, Binasarisha-9 × BARI Sarisha-15 and BARI Sarisha-15 × BARI Sarisha-14 were grown at BINA Headquarters farm, Mymensingh. From them, F2 were harvested for selection in F2 generation.
Crossing within Tori-7, BARI Sarisha-14 and BARI Sarisha-15 
Crossing was made among Tori-7, BARI Sarisha-14 and BARI Sarisha-15 aiming to develop early with high yielding varieties. F1 seeds from all cross combinations were harvested to grow F1 generations.
Growing of M1 population
Seeds of BARI Sarisha-14, BARI Sarisha-15 and Kishan were irradiated. M2 seeds from each plant were collected to grow M2.
Maintenance of germplasm (mutants, local and exotic collection) 
Twenty eight germplasms were grown in the farm of BINA Headquarters, Mymensingh. After harvest, seeds of all these germplasms were collected and have been preserved as breeding materials.
SESAME 
On-station yield trial with promising M9 mutants 
The trial was conducted in the farms of BINA sub-stations at Magura, Ishurdi and Chapai Nowabgonj during Kharif-I 2016. There were four advanced mutant lines and two check varieties (Binatil-2 and Binatil-3). The mutants and check varieties were laid out in a randomized complete block design with three replications. Unit plot size was 20m2 (4m× 5m) keeping 25cm spacing between two rows and 6-8 cm among the plants in rows. Seeds were sown within 06-12 March 2016. Recommended production packages like application of recommended doses of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal growth and development. Data were taken for plant height, number of branches plant-1, capsules plant-1 and seeds capsule-1 from 10 randomly selected plants from each plot. Maturity period was counted when 80% capsules were matured and most of the plants turned into straw or yellowish color in each plot. Seed yield of each plot was recorded after harvest and converted into kg ha-1. Appropriate statistical analyses were performed for comparison of means of each character. 

Table 42. Performance of sesame mutants along with check varieties for different quantitative characters during 2015-16 
	Locations
	Varieties/ mutants
	Plant height (cm)
	Branches plant-1 (no.)
	Capsules plant-1 (no.)
	Capsule length (cm)
	Seeds capsules-1  plant (no.)
	Days to maturity
	Seed yield
(kg ha-1)

	Magura
	SM-08
	125bc
	2.9ab
	81c
	2.68NS
	67b
	85bc
	1558ab

	
	SM-067
	131bc
	2.8ab
	82c
	2.63
	69ab
	86bc
	1553ab

	
	SM-058
	130bc
	2.8ab
	89bc
	2.58
	71a
	87b
	1492b

	
	SM-09
	161a
	2.1b
	104a
	2.70
	72a
	90a
	1700a

	
	Binatil-2
	123c
	2.6ab
	62d
	2.60
	70ab
	87b
	1633ab

	
	Binatil-3
	132b
	3.1a
	91b
	2.62
	71a
	84c
	1566ab

	Ishurdi
	SM-08
	94d
	2.8ab
	75a
	2.55b
	66b
	85b
	1490b

	
	SM-067
	109b
	3.3a
	69b
	2.60ab
	61c
	90a
	1470b

	
	SM-058
	97d
	2.5b
	78a
	2.78ab
	69ab
	89a
	1500b

	
	SM-09
	114a
	2.7ab
	73ab
	2.97a
	71a
	88a
	1655a

	
	Binatil-2
	103cd
	2.9ab
	77a
	2.48b
	61c
	88a
	1488b

	
	Binatil-3
	108bc
	2.4b
	71b
	2.83ab
	67ab
	86b
	1575ab

	Chapainowabgonj
	SM-08
	96a
	2.4ab
	73b
	2.56NS
	57ab
	84c
	1141c

	
	SM-067
	95a
	1.9b
	59d
	2.50
	61a
	90a
	1283ab

	
	SM-058
	87b
	2.6a
	63cd
	2.43
	56ab
	85bc
	1250ab

	
	SM-09
	89ab
	2.0ab
	64cd
	2.45
	60ab
	86b
	1375a

	
	Binatil-2
	89ab
	2.4ab
	62cd
	2.25
	60ab
	85bc
	1150c

	
	Binatil-3
	91ab
	2.1ab
	83a
	2.35
	55b
	82d
	1300ab

	Combined means over two locations

	SM-08
	105b
	2.7NS
	73bc
	2.60NS
	64 NS
	85bc
	1396b

	
	SM-067
	112ab
	2.7
	70c
	2.61
	64
	89a
	1435b

	
	SM-058
	105b
	2.6
	77ab
	2.62
	65
	87ab
	1414b

	
	SM-09
	121a
	2.3
	81a
	2.70
	67
	88a
	1577a

	
	Binatil-2
	105b
	2.6
	68c
	2.41
	64
	87ab
	1424b

	
	Binatil-3
	110b
	2.5
	70c
	2.60
	64
	84c
	1480ab

	Location means
	Magura
	134a
	2.7a
	83a
	2.61a
	70a
	87a
	1584a

	
	Ishurdi
	104b
	2.8a
	74b
	2.70a
	66b
	88a
	1530a

	
	Chapai
	91c
	2.2b
	67c
	2.42b
	58c
	85b
	1250b


N.B. Same letter(s) in a column did not differ significantly. NS- Not significant
The results of each location and combined over three locations are presented in Table 42. The results showed significant variations for most of the characters among the mutants and check varieties in individual location and combined over locations. 
At Magura, among the mutants, SM-09 was the tallest (161 cm), which was significantly higher the check varieties and the mutant SM-058 gave shorter plant (87 cm) at Chapainowabgonj.  Among the mutants, SM-067 produced lower number of branches plant-1 (1.9) at Chapainowabgonj and higher number of branches plant-1 (3.3) at Ishurdi. At Magura, mutant SM-09 produced the highest number of capsules plant-1 (104) and number of seeds capsule-1 (72) with higher seed yield 1700 kg ha-1. On an average, days to maturity ranged from 84 in Binatil-3 to 89 days in mutants SM-067. SM-09 produced the highest number of 81 capsules plant-1 with highest seed yield of 1577 kg ha-1. 
Among three locations, Magura performed better in seed yield (1584 kg ha-1) followed by Ishurdi (1530 kg ha-1).
On-farm yield trial with promising M9 mutants 
The trial was conducted in the farmers’ fields at Magura, Jessore, Faridpur, Satkhira, Ishurdi and Cahpai Nowabgonj during Kharif-I 2016. There were four advanced mutants and two check varieties (Binatil-2 and Binatil-3). The mutants and check varieties were laid out in a randomized complete block design with three replications. Unit plot size was 20m2 (4m × 5m) keeping 25cm spacing between two rows and 6-8cm among the plants in rows. Seeds were sown within 04-20 March 2016. Recommended production packages like application of recommended doses of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal growth and development of plants. Data were taken for plant height, number of branches plant-1, capsules plant-1 and seeds capsule-1 from 10 randomly selected plants from each plot. Maturity period was counted when 80% capsules were matured and most of the plants turned into straw or yellowish color in each plot. Seed yield of each plot was recorded after harvest and proper drying, and converted into kg ha-1. Appropriate statistical analyses were performed for comparison of means of each character. 
Table 43. Mean performance of sesame mutants along with check varieties in four different farmers’ field for different quantitative characters during 2015-16 
	Locations
	Mutants/
check
	Plant height (cm)
	Branches plant-1 (no.)
	Capsules plant-1 (no.)
	Capsule length (cm)
	Seeds capsules-1 (no.)
	Days to maturity
	Seed yield
(kg ha-1)

	Magura
	SM-08
	101b
	1.83ab
	69ab
	2.60NS
	64c
	86bc
	1427a

	
	SM-067
	103b
	1.70ab
	65b
	2.56
	66bc
	89a
	1340b

	
	SM-058
	98b
	1.57b
	69ab
	2.43
	67bc
	88ab
	1387a

	
	SM-09
	134a
	1.10c
	71a
	2.43
	65c
	90a
	1473a

	
	Binatil-2
	99b
	2.00a
	70a
	2.37
	70a
	88ab
	1493a

	
	Binatil-3
	100b
	1.80ab
	70a
	2.42
	68ab
	85c
	1388a

	Jessore
	SM-08
	115c
	3.50b
	84c
	2.68 NS
	68c
	88a
	1442c

	
	SM-067
	137b
	3.20c
	80cd
	2.97
	71b
	87ab
	1428c

	
	SM-058
	136b
	2.71d
	78d
	2.90
	69bc
	86ab
	1455c

	
	SM-09
	158a
	4.12a
	97a
	2.74
	74a
	88a
	1767a

	
	Binatil-2
	117c
	3.84ab
	88bc
	2.60
	67c
	88a
	1653b

	
	Binatil-3
	111c
	3.75ab
	89b
	2.71
	64d
	85b
	1628b

	Faridpur
	SM-08
	135ab
	2.20b
	61bc
	2.56 NS
	76a
	86bc
	1508a

	
	SM-067
	137ab
	1.72a
	57c
	2.69
	73b
	90a
	1340b

	
	SM-058
	136ab
	2.73a
	62b
	2.80
	74ab
	86bc
	1508a

	
	SM-09
	139a
	2.11b
	74a
	2.50
	68d
	87a
	1600a

	
	Binatil-2
	133ab
	2.00b
	63b
	2.58
	70c
	86bc
	1200c

	
	Binatil-3
	127b
	1.21c
	60bc
	2.55
	71bc
	84c
	1358b

	Satkhira
	SM-08
	108b
	2.30ab
	64c
	2.44 NS
	63b
	85b
	1550a

	
	SM-067
	112b
	2.02b
	65bc
	2.45
	68a
	90a
	1453b

	
	SM-058
	104b
	1.71c
	71ab
	2.30
	66a
	88a
	1439b

	
	SM-09
	139a
	2.63ab
	76a
	2.36
	68a
	88a
	1683a

	
	Binatil-2
	107b
	2.31ab
	64c
	2.14
	61b
	88a
	1446b

	
	Binatil-3
	108b
	1.72c
	68bc
	2.31
	68a
	86b
	1573a

	

	Locations
	Mutants/
check
	Plant height (cm)
	Branches plant-1 (no.)
	Capsules plant-1 
(no.)
	Capsule length (cm)
	Seeds capsules-1 (no.)
	Days to maturity
	Seed yield
(kg ha-1)

	Ishurdi
	SM-08
	94d
	2.80b
	65b
	2.55 NS
	66c
	85b
	1490b

	
	SM-067
	109ab
	3.34a
	58c
	2.60
	61d
	87b
	1470b

	
	SM-058
	97cd
	2.52b
	68b
	2.78
	69ab
	89b
	1500b

	
	SM-09
	114a
	2.72b
	76a
	2.79
	71a
	88b
	1655a

	
	Binatil-2
	103bc
	2.90ab
	64b
	2.48
	61d
	88b
	1488b

	
	Binatil-3
	108ab
	2.41b
	69b
	2.83
	67bc
	86b
	1575ab

	Chapai
	SM-08
	114ab
	2.71a
	57d
	2.33 NS
	61c
	85c
	1141b

	
	SM-067
	115a
	2.52ab
	66b
	2.31
	65b
	90a
	1283a

	
	SM-058
	109ab
	2.51ab
	69ab
	2.35
	70a
	86bc
	1316a

	
	SM-09
	105b
	2.80a
	71a
	2.21
	66b
	90a
	1366a

	
	Binatil-2
	111ab
	2.13b
	62c
	2.46
	66b
	88a
	1316a

	
	Binatil-3
	107ab
	2.44ab
	65bc
	2.28
	60c
	85c
	1333a

	Combined means over locations
	SM-08
	111c
	2.56NS
	67bc
	2.53NS
	66b
	86bc
	1426bc

	
	SM-067
	122b
	2.56
	66c
	2.60
	68a
	89a
	1395c

	
	SM-058
	113c
	2.29
	70b
	2.59
	69a
	87ab
	1434bc

	
	SM-09
	132a
	2.58
	78a
	2.51
	69a
	89a
	1591a

	
	Binatil-2
	112c
	2.53
	69bc
	2.44
	64b
	88a
	1433bc

	
	Binatil-3
	110c
	2.22
	70b
	2.52
	66b
	85c
	1476abc

	Location means
	Magura
	106b
	1.67d
	69b
	2.47ab
	56c
	88NS
	1418bc

	
	Jessore
	129a
	3.52a
	86a
	2.77a
	69ab
	87
	1562a

	
	Foridpur
	135a
	2.00cd
	63c
	2.61a
	72a
	87
	1419bc

	
	Satkhira
	113b
	2.10cd
	68bc
	2.33b
	66b
	88
	1524ab

	
	Ishurdi
	104b
	2.78b
	67bc
	2.67a
	66b
	87
	1530ab

	
	Chapai
	110b
	2.52bc
	65bc
	2.32b
	65b
	87
	1293c


N. B.: In a column, same letter(s) in a column do not differ significantly at 5% level of probability according to DMRT. NS- Not significant
The results of each location and combined over locations are presented in Table 43. The results showed significant variations for most of the characters among the mutants and check varieties in all individual locations and combined over locations. 
In combined over locations, plant height ranged from 110 cm in Binatil-3 to 132 cm in SM-09 and days to maturity ranged from 85 to 89 days. Among the mutants, number of capsules plant-1, number of seeds capsules-1 ranged from 66 to 78 and 64 to 69, respectively.  On an average, all the mutants produced statistically similar number of branches plant-1 and capsule length as of check varieties. Mutant SM-09 produced the highest number of capsules plant-1 (78), seeds capsule-1 (69) and seed yield (1591 kg ha-1).
Among the six locations, Jessore performed better in seed yield (1562 kg ha-1) followed by Ishurdi (1530 kg ha-1) and Satkhira (1524 kg ha-1), the lowest seed yield was found at Chapai Nowabgonj (1293 kg ha-1). 
AYT of M5 sesame mutants
The trial was conducted in the farms of BINA sub-stations at Magura and Ishurdi during Kharif-I 2016. There were seven mutant lines and two check varieties (Binatil-1 and Binatil-2). The experiment was laid out in a randomized complete block design with three replications. Unit plot size was 15m2 (3m × 5m) keeping 25cm spacing between two rows and 6-8cm among the plants in rows. Seeds were sown on 7 March 2016 at Magura and 5 March 2016 at Ishurdi. Recommended production packages like application of recommended doses of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal growth and development. Data were taken for plant height, number of branches plant-1, capsules plant-1 and seeds capsule-1 from 10 randomly selected plants from each plot. Maturity period was counted when 80% capsules were matured and most of the plants turned into straw or yellowish color in each plot. Seed yield of each plot was recorded after harvest and converted into kg ha-1. Appropriate statistical analyses were performed for comparison of means of each character. 
Table 44. Performance of sesame mutants along with check varieties for different quantitative characters during 2015-16
	Locations
	Mutants/
check
	Plant height (cm)
	Branches plant-1 (no.)
	Capsules plant-1 (no.)
	Capsule length (cm)
	Seeds capsules-1 (no.)
	Days to maturity
	Seed yield
(kg ha-1)

	Magura
	SMM-001
	99b
	1.30c
	61c
	2.45b
	64bc
	85ab
	1475ab

	
	SMM-002
	99b
	2.47a
	71b      
	2.77a
	67bc
	84b
	1370b

	
	SMM-003
	103bc
	1.50bc
	70bc
	2.74b
	68bc
	85a
	1250c

	
	SMM-004
	101bc
	1.90b
	119a
	2.43b
	70a
	86a
	1550a

	
	SMM-005
	106b
	1.00c
	60c
	3.04a
	71a
	84b
	1340bc

	
	SMM-006
	97c
	1.00c
	65b
	2.27b
	57d
	85ab
	1450ab

	
	SMM-007
	98c
	2.43a
	68b
	2.25b
	65c
	83b
	1300c

	
	Binatil-1
	106b
	0.00d
	55c
	3.27a
	73a
	84b
	1200c

	
	Binatil-2
	117a
	2.87a
	62c
	2.36b
	60d
	86a
	1250c

	Ishurdi
	SMM-001
	92b
	1.0b
	33bc
	2.51c
	57bc
	84b
	1200b

	
	SMM-002
	93b
	1.0b
	38b
	3.05b
	64ab
	85b
	1100bc

	
	SMM-003
	92b
	1.0b
	35bc
	3.04b
	53c
	86ab
	1000c

	
	SMM-004
	92b
	1.0b
	45a
	2.55c
	60b
	85b
	1250a

	
	SMM-005
	97ab
	1.0b
	32c
	2.79bc
	50c
	87a
	1120bc

	
	SMM-006
	98ab
	1.0b
	42a
	2.53c
	68a
	85b
	1250a

	
	SMM-007
	101a
	1.0b
	36bc
	2.80bc
	65ab
	84b
	1350a

	
	Binatil-1
	96ab
	0.00c
	34bc
	3.78a
	61b
	86ab
	1100bc

	
	Binatil-2
	100a
	3.0a
	44a
	2.49c
	63ab
	88a
	1250a

	Combined means over locations
	SMM-001
	96b
	1.15b
	47c
	2.48bc
	61b
	85ab
	1337ab

	
	SMM-002
	96b
	1.74b
	54b
	2.91b
	66a
	85ab
	1235b

	
	SMM-003
	97b
	1.25b
	52b
	2.89bc
	61b
	86ab
	1125b

	
	SMM-004
	97b
	1.45b
	82a
	2.49bc
	65a
	86ab
	1400a

	
	SMM-005
	102ab
	1.00b
	46c
	2.92b
	61b
	86ab
	1230b

	
	SMM-006
	98b
	1.00b
	54b
	2.40c
	63ab
	85ab
	1350ab

	
	SMM-007
	100b
	1.72b
	52b
	2.53bc
	65ab
	84b
	1325ab

	
	Binatil-1
	101b
	0.00c
	45c
	3.53a
	67a
	85ab
	1150b

	
	Binatil-2
	109a
	2.93a
	53b
	2.43bc
	62b
	87a
	1250ab

	Location means
	Magura
	103a
	1.61a
	70a
	2.62NS
	66a
	85NS
	1354a

	
	Ishurdi
	96b
	1.11b
	38b
	2.84
	60b
	86
	1180b


NS- Not significant
The results of each location and combined over locations are presented in Table 44. The results showed significant variations for all the characters among the mutants and check varieties in two individual locations and combined over two locations.
On an average, plant height ranged from 96cm in both of SM-001 and SM-002 to 109cm Binatil-2. Binatil-2 required the longest maturity period of 87 day and SM-007 required the shortest (84 days). Among the mutants and checks, mutant SM-004 produced the highest number of capsule plant-1 (82) along with the highest seed yield (1400 kg ha-1) and the check variety Binatil-1 produced the lowest number (45). Mutant SMM-003 produced the lowest seed yield (1125 kg ha-1) followed by the check variety Binatil-1 (1150 kg ha-1). Between two locations, Magura performed better in seed yield (1354 kg ha-1) than Ishurdi (1180 kg ha-1).
Growing of M4 population of sesame 
A large number of M4 population from Binatil-1 were grown in plant progeny rows for selecting desirable mutants at BINA sub-station farm, Magura. From them primarily a total of 43 mutant variants were selected for further selection in subsequent generations.

Maintenance of germplasm (mutants, local and exotic collections) 
Thirty seven germplasm were grown at BINA sub-station farm Magura. After harvest, seeds of all these germplasm were collected and preserved as breeding materials for future research programme.
SOYBEAN 
On-station yield trials with advance soybean mutants 
Four promising mutants along with two check varieties (Binasoybean-2 and BARI Soybean-5) of soybean were evaluated through this trial. The experiment was conducted at the experimental field of BINA Headquarters farm, Mymensingh and farmers’ field at Noakhali and Chandpur during January to April 2016. The experiments were laid out in randomized complete block design with three replications. Sowing was done within first week of January. Spacing between rows was 30cm and 7-10cm between plants in a row. Unit plot size was 12m2 (4m  3m). Recommended managements were followed to ensure proper growth and development of plants. Data on various characters such as plant height, number of branches plant-1, pods plant-1 and seeds pod-1 were taken from 10 randomly selected plants of each plot. Maturity period was counted when the plant and pods of each plot turned into yellowish brown color and almost all the leaves shed. Seed yield of each plot was recorded and converted into kg ha-1. Data recorded from the experiment were analyzed following appropriate statistical design. 
Location-wise means and means combined over three locations for different characters of the mutants and check varieties are presented in Table 45. Significant variations were observed for all the characters at all the locations and combined over location. 
On an average, maturity period ranged from 97 days in Binasoybean-2 to 108 days in both of SBM-18 and SBM-22, and plant height ranged from 32cm in Binasoybean-2 to 48cm in BARI soybean-5. Mutant SBM-22 produced the highest seed yield of 2028 kg ha-1 followed by SBM-18 (1983 kg ha-1) and Binasoybean-2 (1908 kg ha-1), and mutant SBM-15 produced the lowest seed yield (1681 kg ha-1). Among three locations, Chandpur performed better in seed yield (2351 kg ha-1) than Noakhali (1681 kg ha-1) and Mymensingh (1593 kg ha-1). 

Table 45. Performance of soybean mutants along with check varieties for different quantitative characters during 2015-16
	Locations
	Mutant/line
	Plant height (cm)
	Branches plant-1 (no.)
	Siliqua 
plant-1 (no.)
	Seeds silique-1 (no.)
	Pod length (cm)
	Days to maturity
	 Seed yield
(kg ha-1)

	Mymensingh
	SBM-9
	44b
	3.0a
	45a
	1.8ab
	3.1ab
	110a
	1825a

	
	SBM-15
	48ab
	3.2a
	47a
	1.7ab
	2.9b
	102d
	1525bc

	
	SBM-18
	43b
	2.9a
	41a
	1.7ab
	3.0b
	108ab
	1600ab

	
	SBM-22
	53a
	2.5ab
	43a
	1.6b
	3.3ab
	105c
	1642c

	
	Binasoybean-2
	31c
	1.7b
	24b
	1.9a
	3.6a
	98e
	1592ab

	
	BARI Soybean-5
	50ab
	2.9a
	49a
	1.7ab
	3.0ab
	106bc
	1375bc

	Noakhali
	SBM-9
	39a
	2.8a
	39a
	1.9a
	3.1b
	103c
	1617bc

	
	SBM-15
	42a
	2.9a
	36ab
	1.9a
	3.1b
	105bc
	1500c

	
	SBM-18
	41a
	3.2a
	38ab
	2.1a
	3.4ab
	107ab
	1733ab

	
	SBM-22
	40a
	2.3a
	41a
	2.0a
	3.4ab
	110a
	1892a

	
	Binasoybean-2
	28b
	2.8a
	30b
	2.1a
	3.6a
	99d
	1708abc

	
	BARI Soybean-5
	45a
	3.1a
	39a
	2.1a
	3.1b
	104bc
	1633bc

	Chandpur
	SBM-9
	40b
	3.4ab
	56ab
	1.9c
	3.4ab
	105bc
	2150cd

	
	SBM-15
	52a
	3.5ab
	59a
	2.0b
	3.2b
	101c
	2017d

	
	SBM-18
	46a
	3.8a
	58ab
	2.2ab
	3.3ab
	109a
	2617a

	
	SBM-22
	48a
	3.1ab
	49bc
	2.1b
	3.4ab
	108ab
	2550ab

	
	Binasoybean-2
	37b
	3.0b
	36c
	2.3a
	3.6a
	95d
	2425ab

	
	BARI Soybean-5
	50a
	3.0b
	46bc
	2.1b
	3.1b
	107ab
	2350bc

	Combined means over location
	SBM-9
	41b
	3.1a
	47a
	1.9b
	3.2ab
	106ab
	1864ab

	
	SBM-15
	47a
	3.2a
	48a
	1.9b
	3.1b
	103b
	1681b

	
	SBM-18
	43ab
	3.3a
	45a
	2.0ab
	3.2ab
	108a
	1983a

	
	SBM-22
	47a
	2.7a
	43a
	1.9b
	3.3ab
	108a
	2028a

	
	Binasoybean-2
	32c
	2.5a
	30b
	2.1a
	3.6a
	97c
	1908a

	
	BARI Soybean-5
	48a
	3.0a
	44a
	2.0ab
	3.1b
	106ab
	1786ab

	Location means
	Mymensingh
	45a
	2.7a
	42ab
	1.8b
	3.2a
	105a
	1593b

	
	Noakhali
	39a
	2.9a
	37b
	2.0ab
	3.3a
	105a
	1681b

	
	Chandpur
	46a
	3.3a
	50a
	2.1a
	3.3a
	104a
	2351a


N. B.: In a column, values with same letter do not differ significantly at 5% level by DMRT. NS- Not significant
Growing of M2 population 
A large number of M2 population from BARI Soybean-5 were grown in plant progeny rows for selecting desirable mutants at BINA Headquarters farm, Mymensingh but no selection was practiced. 
Growing of M1 population
To create genetic variability, seeds of four popular soybean varieties, Binasoybean-2, Binasoybean-3, BARI Soybean-5 and BARI Soybean-6 were irradiated with 200, 250 and 300 350 Gy of gamma rays. M2 seeds from five pods of each plant were collected to grow first segregating M2 population. 
MUNGBEAN
On-farm and on-station trial of two promising summer mungbean lines
On-farm trials were carried out with two mutants along with two check varieties (Binamoog-8 and BARI Mung-6) at Ishurdi, Natore, Magura, Gopalganj and Barisal during Kharif-1 season of 2016. Seeds were sown in RCB design with three replications. Unit plot size was 5 m  4 m. Row to row and plant to plant distances were 40 and 10-15 cm, respectively. Data on days to maturity, plant height, pods plant-1, pod length, seeds pod-1 and seed yield plot-1 were recorded from five randomly selected plants from each plot. Plot seed yield was converted to kg ha-1. Mean values are presented in Table 46.                       
It is observed from Table 32 that the mutant MBM-347-13 had shorter plant height than other mutant and check varieties (Binamoog-8 and BARI Mug-6) at all the locations except Barisal. The highest number of pods plant-1 (46.5) and pod length (9. 1cm) was found in MBM-347-13. The mutant MBM-347-13 matured earlier than the mutant and check varieties. In respect of seed yield, MBM-347-13 produced the highest seed yield of 1839 kg ha-1followed by Binamoog-8 (1824 kg ha-1).  Application will be made to release this mutant (MBM-347-13) as Binamoog-9.




Table 46. Mean performance of two mutants along with two check varieties grown at Ishurdi, Natore, Magura, Gopalgonj and Barisal during 2016
	Mutants/
varieties
	Days to maturity
	Plant height (cm)
	pods plant-1 (no.)
	Pod length (cm)
	seeds pod-1 (no.)
	Seed yield    (kg ha-1)

	Ishurdi (On-station)	

	MBM-07-y-1
	70
	56.1
	20.3
	8.1
	13.4
	1730

	MBM-347-13
	62
	48.8
	25.1
	9.0
	11.6
	1845

	Binamoog-8
	65
	45.3
	24.3
	7.6
	13.3
	1870

	BARI Mung-6
	68
	52.0
	21.3
	8.5
	11.0
	1745

	Natore (On-farm)

	MBM-07-y-1
	69
	55.5
	16.7
	8.4
	13.5
	1641

	MBM-347-13
	63
	47.5
	21.6
	8.9
	12.3
	1915

	Binamoog-8
	64
	54.1
	16.4
	8.6
	13.1
	1878

	BARI Mung-6
	70
	54.8
	15.8
	8.6
	11.7
	1655

	Magura (On-station)

	MBM-07-y-1
	69
	45.7
	21.1
	8.3
	12.4
	1556

	MBM-347-13
	64 
	36.2
	29.6
	9.2
	11.5
	1721

	Binamoog-8
	65
	37.9
	27.9
	9.5
	11.6
	1667

	BARI Mung-6
	71
	39.8
	23.1
	8.5
	12.3
	1553

	Magura (On-farm)

	MBM-07-y-1
	70
	53.7
	23
	8.8
	11.6
	1589

	MBM-347-13
	64
	46.5
	28.6
	9.0
	11.7
	1815

	Binamoog-8
	66 
	43.9
	27.9
	9.1
	11.9
	1883

	BARI Mung-6
	70
	47.8
	23.5
	8.2
	11.3
	1521

	Barisal (On-station)

	MBM-07-y-1
	67
	43.
	19.5
	7.9
	12.3
	1625

	MBM-347-13
	61
	53.5
	26.0
	9.3
	11.0
	1874

	Binamoog-8
	64
	44.8
	22.5
	8.3
	11.1
	1825

	BARI Mung-6
	54
	48.6
	17.7
	8.9
	12.3
	1587

	Gopalgonj (On-station)

	MBM-07-y-1
	69
	52.8
	19.3
	8.2
	12.9
	1657

	MBM-347-13
	65
	46.5
	25.1
	9.1
	11.6
	1865

	Binamoog-8
	68
	50.2
	24.6
	7.6
	12.6
	1818

	BARI Mung-6
	64
	45.9
	19.5
	8.4
	12.1
	1688

	Mean over locations

	MBM-07-y-1
	69.0
	51.1
	20.0
	8.3
	12.7
	1633

	MBM-347-13
	63.2
	46.5
	26.0
	9.1
	11.6
	1839

	Binamoog-8
	65.3
	46.0
	23.9
	8.5
	12.3
	1824

	BARI Mung-6
	66.2
	48.2
	20.2
	8.5
	11.8
	1625



Advanced yield trial of some promising mutants of mungbean 
Four advanced mungbean mutant lines along with two check varieties were put into advanced yield trial at Magura, Natore, Gopalgonj and Barisal during Kharif-1 season of 2016. The design of experiment was RCB with three replications. Unit plot size was 4 m  2.5 m. Row to row and plant to plant distance were 40 cm and 10-15 cm, respectively. Recommended cultural practices including fertilizer doses were applied as and when necessary. Data on various characters, such as plant height, number of pods plant-1, pod length, number of seeds pod-1, days to maturity and seed yield plot-1 were taken from five randomly selected plants of each plot. Plot seed yield was converted to kg ha-1. Mean values were used for statistical analysis (Table 47).
From the result, obtained from all the locations and mean over locations, it is observed that significant differences were observed for all the studied characters among the tested entries. The shortest plant height was observed in check variety Binamoog-8 (43.9 cm) followed by MBM-656-51-2 (45.4 cm) and MBM-07(g)-2 (45.6 cm) and the highest was in MBM-07-y-2 (51.3 cm). The highest number of pods plant-1 was found in check variety Binamoog-8 (30.64) followed by mutant MBM-427-87-3 (30.35). The mutant MBM-427-87-3 had the highest pod length (8.73 cm) followed by MBM-656-51-2 (8.09 cm). The number of seeds pod-1 was almost similar for all the mutants and check varieties. The mutant MBM-427-87-3 matured earlier (64 days) followed by mutant MBM-656-51-2 (65 days). The check variety Binamoog-8 produced the highest seed yield (1.81 tha-1) followed by MBM-427-87-3 (1.78 tha-1) and MBM-656-51-2 (1.72 tha-1). Two promising mutants (viz., MBM-427-87-3 and MBM-656-51-2) will be further evaluated in Regional Yield Trial in different mungbean growing locations of Bangladesh.
Table 47. Mean performance of four mutants along with two check varieties grown at Magura, Natore, Gopalgonj and Barisal during 2016
	Name of variety
	Days to maturity
	Plant height (cm)
	pods plant-1 (no.)
	Pod length (cm)
	seeds pod-1 (no.)
	Seed yield    (kg ha-1)

	Magura

	MBM-07(g)-2
	67
	44.67
	8.25
	21.87
	11.60
	1686

	MBM-656-51-2
	63
	44.20
	7.86
	24.43
	10.80
	1756

	MBM07-y-2
	71
	58.13
	7.60
	22.73
	10.47
	1652

	MBM-427-87-3
	65
	49.00
	8.93
	25.80
	11.00
	1824

	Binamoog-8(ck.)
	68
	44.40
	8.53
	24.11
	11.40
	1885

	BARI  Mung-6(ck.)
	69
	51.13
	8.02
	20.93
	10.80
	1774

	Natore

	MBM-07(g)-2
	69
	46.10
	7.90
	26.50
	11.20
	1653

	MBM-656-51-2
	64
	46.30
	8.30
	24.10
	10.90
	1713

	MBM-07-y-2
	72
	51.30
	7.82
	26.40
	10.90
	1520

	MBM-427-87-3
	63
	46.20
	8.32
	34.10
	11.60
	1766

	Binamoog-8(ck.)
	66
	43.80
	8.10
	34.60
	10.93
	1790

	BARI  Mung-6(ck.)
	69
	52.60
	8.40
	29.67
	11.40
	1663

	Gopalgonj

	MBM-07(g)-2
	71
	48.67
	7.75
	23.50
	11.20
	1653

	MBM-656-51-2
	66
	45.33
	8.10
	28.13
	10.41
	1713

	MBM-07-y-2
	70
	54.67
	7.79
	24.80
	10.90
	1520

	MBM-427-87-3
	65
	48.50
	8.83
	31.75
	11.60
	1766

	Binamoog-8(ck.)
	65
	42.67
	8.19
	32.60
	10.93
	1790

	BARI  Mung-6(ck.)
	71
	49.00
	8.54
	26.67
	10.95
	1663

	Barisal

	MBM-07(g)-2
	64
	42.9
	7.75
	24.50
	11.20
	1653

	MBM-656-51-2
	68
	45.7
	8.10
	26.13
	11.97
	1713

	MBM-07-y-2
	68
	41.2
	7.79
	24.10
	10.50
	1520

	MBM-427-87-3
	63
	53.5
	8.83
	29.75
	10.91
	1766

	Binamoog-8(ck.)
	67
	44.8
	8.19
	31.25
	10.23
	1790

	BARI Mung-6(ck.)
	61
	48.6
	8.54
	28.57
	11.10
	1663

	Mean over locations

	MBM-07(g)-2
	68
	45.6
	7.91
	24.09
	11.30
	1661

	MBM-656-51-2
	65
	45.4
	8.09
	25.70
	11.02
	1724

	MBM-07-y-2
	70
	51.3
	7.75
	24.51
	10.69
	1553

	MBM-427-87-3
	64
	49.3
	8.73
	30.35
	11.28
	1781

	Binamoog-8(ck.)
	67
	43.9
	8.25
	30.64
	10.87
	1814

	BARI  Mung-6(ck.)
	68
	50.3
	8.38
	26.46
	11.06
	1691



Evaluation of M2 generation of mungbean lines
Seeds of 13 AVRDC mungbean germplasm were irradiated with Cobalt60 gamma rays. Irradiation doses were 300, 350 and 400 Gy. Two hundred and fifty seeds per dose were grown at BINA sub-station farm Ishurdi.
Germination and survival rates decreased with the increase of the irradiation doses. The plant height also decreased gradually with increased doses of gamma rays. Finally, the M1 seeds from the survived plants were bulked dose wise and kept for growing in the M2 generation in the next growing season.      
Maintenance of AVRDC germplasm of mungbean 
Thirteen AVRDC germplasm were grown at BINA sub-station farm, Ishurdi during Kharif-1, 2016. Cultural practices were done as and when necessary. At harvest, seeds of all these germplasm were collected and have been preserved as breeding materials for future research programme.
CHICKPEA
On farm and on-station trial of two promising mutants of chickpea 
Two mutants along with two check varieties were put into On farm and  on-station trial at Magura, Ishurdi and Rajshahi, but due to severe  rainfall the experiment at Godagari, Rajshahi could not able to success. The experiment was carried out in a randomized complete block design with three replications. Unit plot size was 4 m × 3.2 m. Distances between rows and plants were 40 and 10-15 cm, respectively. Data on days to maturity, plant height, number of branches plant-1, pods plant-1, seeds pod-1, 100-seed weight and seed yield plot-1 were recorded from randomly selected five plants of each plot. Plot yield was converted to t ha-1. The collected data were analyzed statistically and presented in Table 48.
Table 48. On farm and on-station trial of two promising mutants of chickpea during 2015-  2016 
	Variety/mutants
	Days to maturity
	Plant
height
(cm)
	Primary branches plant-1
(no)
	Pods
plant-1
(no)
	Seeds
pods-1
(no)
	100-seed weight (g)
	Seed yield
(t ha-1)

	Magura
	
	
	
	
	
	
	

	CPM-8-400
	128
	77.1
	2.93
	74.7
	1.73
	24.1
	1865

	CPM-kabuli
	131
	62.5
	2.67
	55.3
	1.49
	24.0
	1760

	BARI Sola-7 (Check)
	129
	74.4
	2.60
	36.3
	1.47
	19.5
	1600

	Binasola-8 (Check)
	127
	87.4
	2.67
	37.6
	1.65
	24.1
	1710

	Ishurdi (Pabna)

	CPM-8-400
	133
	55.2
	3.86
	37.4
	1.67
	23.9
	1786

	CPM-kabuli
	132
	47.2
	3.80
	39.0
	1.53
	23.8
	1705

	BARI Sola-7 (Check)
	134
	58.5
	4.27
	30.2
	1.46
	20.5
	1662

	Binasola-8 (Check)
	134
	65.1
	3.20
	38.2
	1.47
	22.4
	1682

	Mean over locations

	CPM-8-400
	131
	66.2
	3.40
	56.1
	1.70
	24.0
	1825

	CPM-kabuli
	132
	54.9
	3.24
	47.2
	1.51
	23.9
	1733

	BARI Sola-7 (Check)
	132
	66.5
	3.44
	33.3
	1.47
	20.0
	1631

	Binasola-8 (Check)
	131
	76.3
	2.94
	37.9
	1.56
	23.3
	1696



It is observed from the result, mean over locations that almost all the mutants matured by similar days. The check variety Binasola-8 had the highest plant height and  CPM-kabuli had the lowest. The mutant line CPM-8-400 produced the highest number of pods plant-1 (56.1) followed by CPM-kabuli (47.2). The 100-seed weight was the highest in mutant CPM-8-400 and produced significantly highest seed yield than other mutants and checks varieties at all locations due to production of higher number of pods plant-1 and bolder seed size. Due to kabuli type colour, bolder seed size and higher seed yield, CPM-kabuli was also selected for varietal registration.  Application was made to the NSB for varietal registration and these two mutants (CPM-kabuli and CPM-8-400) were finally registered as Binasola-9 and Binasola-10, respectively.
Advanced yield trial of some selected chickpea mutants 
Three mutants along with two check varieties were put into advanced yield trial at, Magura, Ishurdi and Rajshahi but due to severe rainfall the experiment at Godagari, Rajshahi could not able to success. The experiment was carried out in a randomized complete block design with three replications. Unit plot size was 4 m × 2.5 m. Distances between rows and plants were 40 and 10-15 cm, respectively. Data on days to maturity, plant height, number of branches plant-1, pods plant-1, seeds pod-1, 100-seed weight and seed yield plot-1 were recorded from randomly selected five plants of each plot. Plot yield was converted to tha-1. The collected data were analyzed statistically and presented in Table 49.
It is observed from the result mean over locations that Binasola-8 had the highest plant height. CPM-8-300 matured the earliest then other mutants and check varieties. The mutant CPM-8-200 produced the highest number of pods plant-1 followed by CPM-8-300. The 100-seed weight of CPM-8-200 was the highest, 25.6 (g) followed by CPM-8-300, 23.3 (g) and CPM-7-400, 21.1 (g). Mutant CPM-8-200 produced the highest seed yield (1.7 tha-1) among the mutants and check varieties. Two mutants were selected for further trial in next growing season.
Table 49. Advanced yield trial of some promising mutants of chickpea during 2015-2016 
	Variety/mutants
	Days to maturity
	Plant
height
(cm)
	Primary branches plant-1
(no)
	Pods
plant-1
(no)
	Seeds
pod-1
(no)
	100-seed weight (g)
	Seed yield
(tha-1)

	Magura
	
	
	
	
	
	
	

	CPM-8-200
	125
	68.2
	2.87
	79.16
	1.72
	25.6
	1756

	CPM-8-300
	122
	68.1
	2.40
	70.13
	1.65
	23.9
	1694

	CPM-7-400
	123
	70.3
	2.13
	50.73
	1.53
	14.0
	1523

	BARI Sola-7 (Check)
	127
	73.9
	2.27
	47.27
	1.81
	13.5
	1588

	Binasola-8 (Check)
	129
	74.7
	2.26
	52.73
	1.64
	23.3
	1667

	Ishurdi (Pabna)

	CPM-8-200
	131
	57.8
	3.80
	52.93
	1.67
	25.5
	1676

	CPM-8-300
	132
	56.4
	3.67
	45.87
	1.60
	22.7
	1659

	CPM-7-400
	133
	57.6
	3.61
	38.40
	1.53
	15.0
	1493

	BARI Sola-7 (Check)
	133
	48.8
	3.0
	30.53
	1.47
	14.5
	1546

	Binasola-8 (Check)
	132
	62.1
	3.67
	38.8
	1.57
	23.0
	1627

	Mean over location

	CPM-8-200
	128
	63.0
	3.34
	66.05
	1.70
	25.6
	1716

	CPM-8-300
	127
	62.3
	3.04
	58.00
	1.63
	23.3
	1677

	CPM-7-400
	128
	64.0
	2.87
	44.57
	1.53
	14.5
	1508

	BARI Sola-7 (Check)
	130
	61.4
	2.64
	38.90
	1.64
	14.0
	1567

	Binasola-8 (Check)
	131
	68.4
	2.97
	45.77
	1.61
	23.1
	1647



Growing of M1 generation of chickpea lines
Seeds of 3 chickpea varieties (Binasola-4, Binasola-6 and Binasola-7) were irradiated with Cobalt60 gamma rays. Irradiation doses were 300, 350 and 400 Gy. Two hundred and fifty seeds per dose were grown at BINA sub-station farm Magura.
Germination and survival rates decreased with the increase of the irradiation doses. The plant height also decreased gradually with increased doses of gamma rays. Finally, the M1 seeds from the survived plants were bulked dose wise and kept for growing in the M2 generation in the next growing season.     
Lentil
On-farm yield trial of three mutants/line of lentil 
Trials were conducted with three promising lentil mutants/line along with two check varieties at  Chapainowabgonj,  Rajshahi, Nachole, Ishurdi, and Natore in order to assess the performance of  lines/ mutants  at farmers’ field condition.  Each trial was conducted in three replications with individual plot size of 30 m2 (6 m × 5 m). Data on days to maturity, plant height, number of primary branches plant-1, and pods plant-1 were recorded from 10 randomly selected plants from each plot. Plot seed yield was converted into kgha-1. 
The duration and yield of lentil mutants/variety/line ranged from 92-110 days and 1335-1960 kg ha-1, respectively (Table-50). The tested line, LG-208 produced the highest seed yield at Chapainowabgonj , Nachole and Rajshahi.  Another mutant LM-118-9 produced the highest seed yield at Ishurdi and Natore. 
Combining mean of five locations it was observed that the line LG-208 produced the highest seed yield followed by LM-118-9.
Table 50.  Performance of three lentil mutants/line along with two check varieties grown 
                 at five   locations during 2015-2016   
                                            
	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches plant-1 (no.)
	Pods plant-1 (no.)
	Yield plot-1
(kg ha-1)

	Chapainowabgonj


	LM-156-1
	93
	30.3
	3.0
	60.2b
	1373d

	LG-208
	93
	30.8
	3.0
	80.1a
	1730a

	LM-118-9
	92
	29.5
	2.6
	68.1ab
	1473c

	Binamasur-6
	94
	29.1
	2.2
	54.4b
	1576b

	BARI Masur-5
	93
	29.9
	2.2
	54.4b
	1410cd

	CV%
	0.92
	6.5
	13.8
	11.02
	1.96

	Nachole

	LM-156-1
	99
	32.0
	2.2
	32.7d
	1416c

	LG-208
	98
	33.2
	2.4
	60.4a
	1640a

	LM-118-9
	100
	34.9
	2.3
	55.4b
	1450b

	Binamasur-6
	101
	31.4
	2.4
	32.6d
	1420c

	BARI Masur-5
	99
	33.8
	2.6
	47.5c
	1410c

	CV%
	1.57
	8.65
	12.38
	5.75
	0.62

	Ishurdi

	LM-156-1
	110
	31.16
	2.8
	72.0
	1740d

	LG-208
	108
	31.5
	3.2
	78.1
	1912b

	LM-118-9
	109
	32.0
	3.1
	93.0
	1960a

	Binamasur-6
	110
	31.4
	2.8
	77.7
	1920b

	BARI Masur-5
	110
	33.4
	3.1
	59.8
	1800c

	CV%
	
	7.34
	23.99
	12.07
	0.62

	Natore

	LM-156-1
	101
	32.8
	2.4
	31.8b
	1335d

	LG-208
	99
	34.6
	3.1
	63.1
	1500b

	LM-118-9
	103
	35.7
	3.4
	62.9
	1555a

	Binamasur-6
	104
	35.9
	2.9
	44.2ab
	1311d

	BARI Masur-5
	104
	34.6
	2.5
	46.0ab
	1415c

	CV%
	0.53
	5.24
	12.23
	18.22
	1.36

	Rajshahi

	LM-156-1
	108
	30.0
	2.2
	35.4b
	1341c

	LG-208
	108
	32.4
	2.2
	64.3a
	1556a

	LM-118-9
	108
	30.8
	2.4
	45.4ab
	1463b

	Binamasur-6
	110
	29.7
	2.2
	38.8b
	1473b

	BARI Masur-5
	110
	31.4
	2.2
	32.3b
	1368c

	CV%
	101
	8.56
	9.62
	25.75
	1.55

	Combined

	LM-156-1
	102
	31.4
	2.5
	46.45c
	1441d

	LG-208
	100
	32.4
	2.8
	69.2a
	1649a

	LM-118-9
	102
	32.6
	3.7
	64.9ab
	1575b

	Binamasur-6
	103
	31.5
	2.5
	49.5bc
	1540b

	BARI Masur-5
	104
	32.6
	2.5
	48.2c
	1480c

	CV%
	11.6
	7.34
	16.09
	14.95
	1.28



On-station yield trial with three lentil mutants

On-stations trials were conducted with three mutant lines along with two check varieties at BINA sub-stations at Magura and Chapainowabgonj.  The experiment was laid out in a randomized complete block design with three replications. Unit plot size was 20 m2 (5 m  4 m) with 30 cm line to line distance. Recommended production packages i.e., application of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal plant growth and development. Data on days to maturity, plant height, number of primary branches plant-1, pods plant-1 and 100-seed weight were recorded from 10   randomly   selected plants from each plot. Plot seed yield was converted into kgha-1. Statistical analysis of different characters of the mutants and the check are presented in the Table 51.
Results revealed that significant variations were observed among the mutants and the check variety for pods per plant and seed yield   in both of individual location and combined over locations. On an average, maturity period varied from 99 days   to 104 days.  LM-118-9 produced the highest number of pods plant-1 (108)     as well as the highest seed yield 1930 kg ha-1 followed by LG-208 with 97 pods plant and 1860 kg ha-1 .at Magura.  LG-208 produced the highest seed yield followed by LM-118-9 at Chapainowabgonj.  An ICARDA provided line LG-208, registered as binamasur-10 due to its better performance in drought   prone areas. The other mutant, LM-118-9  was selected for further trial in next growing season.
Table 51. On-station trial with three lentil mutants/line along with two check varieties, 
 	      Binamasur-6 and BARI Masur-5 at two locations, Magura and   
                  Chapainowabgonj

	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches plant-1 (no.)
	Pods plant-1 (no.)
	Yield plot-1
(kg ha-1)

	Magura

	LM-156-1
	102
	39.6
	3.0
	68.6b
	1735d

	LG-208
	102
	40.2
	3.5
	97.3a
	1860b

	LM-118-9
	101
	39.6
	3.7
	108.3a
	1930a

	Binamasur-6
	104
	40.0
	3.0
	70.0b
	1800c

	BARI Masur-5
	103
	39.5
	3.0
	66.0b
	1780cd

	CV%
	1.32
	4.96
	22.94
	12.94
	1.41

	Chapainowabgonj

	LM-156-1
	102ab
	36.2b
	1.3
	55.6c
	1450d

	LG-208
	99c
	36.7b
	1.5
	83.6a
	1770a

	LM-118-9
	99c
	35.3b
	1.2
	72.6ab
	1540b

	Binamasur-6
	104a
	35.5b
	1.5
	53.6c
	1490c

	BARI Masur-5
	102bc
	39.8a
	1.4
	62.6bc
	1550b

	CV%
	1.25
	3.80
	12.27
	12.29
	0.61

	Combined

	LM-156-1
	101
	37.9
	2.1
	62.1b
	1592d

	LG-208
	101
	38.4
	2.5
	90.4a
	1815a

	LM-118-9
	100
	37.4
	2.5
	90.5a
	1735b

	Binamasur-6
	104
	37.8
	2.2
	61.8b
	1645c

	BARI Masur-5
	103
	39.7
	2.2
	64.3b
	1665c

	CV%
	1.29
	4.47
	4.47
	12.77
	1.14



Advanced yield trial with some selected mutants of lentil 
The advanced yield trials were conducted with six mutants along with a check variety, Binamasur-6 at Magura and Ishurdi during 2014-15. Seeds were sown in randomized complete block design with three replications. Unit plot size was 5m x 4m and rows were 30cm apart. Normal cultural practices were done. Data on days to maturity, plant height, number of primary branches, pods per plant were recorded from 10 randomly selected plants from each plot. Plot seed yield was converted into kgha-1. Statistical analysis of different characters of the accessions and the check are presented in the Table 52.
Results revealed that significant variations were observed among the mutants and check varieties for most of the characters in both of individual location and combined over locations. On an average, maturity period varied from 103 in LM-24-3 to 105 days in BARI Masur-5. The highest number of pods plant-1 (108 and seed yield (kgha-1) were found in LM-118-9 at Magura.  This mutant also produced highest seed yield at Chapainowabgonj and combined over two locations the same mutant gave the highest seed yield followed by LM-138-3. These two mutants will be evaluated in the next season at different locations.
 Table 52.  Yield and yield contributing characters of six promising mutants along with a check  variety, BARI Masur-5 at Magura and Chapainowabgonj during 2015-16 
	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches plant-1 (no.)
	Pods plant-1 (no.)
	Yield
(kg ha-1)

	Magura

	LM-118-9
	104
	50.0
	2.3
	108a
	1830ab

	LM-5-3-11
	105
	46.7
	2.6
	81b
	1706c

	LM-24-3
	103
	46.9
	2.8
	82b
	1680c

	LM-99-4
	104
	44.3
	2.5
	58d
	1440d

	LM-138-3
	104
	45.0
	2.5
	62d
	1673c

	LM-206-5
	104
	41.2
	2.5
	75bc
	1783b

	Binamasur-5
	105
	45.9
	2.4
	68cd
	1873a

	Chapainowabgonj

	LM-118-9
	93
	35.0
	1.3
	78.4ab
	1450ab

	LM-5-3-11
	92
	33.2
	1.2
	59.7b
	1240e

	LM-24-3
	93
	32.5
	1.4
	60.8b
	1356cd

	LM-99-4
	94
	32.1
	1.3
	63.4ab
	1323d

	LM-138-3
	95
	32.4
	1.4
	87.2a
	1496a

	LM-206-5
	95
	33.6
	1.4
	76.4ab
	1323d

	Binamasur-5
	96
	33.2
	1.4
	59.8b
	1408bc

	Combined

	LM-118-9
	109
	42.5
	1.8
	93.3a
	1640a

	LM-5-3-11
	109
	40.0
	1.9
	70.4bc
	1473d

	LM-24-3
	108
	39.7
	2.1
	71.4bc
	1518c

	LM-99-4
	109
	38.2
	1.9
	60.7c
	1381e

	LM-138-3
	109
	38.7
	1.9
	74.9b
	1585b

	LM-206-5
	      109
	37.4
	1.8
	75.6b
	1553bc

	Binamasur-5
	108
	39.5
	1.9
	63.8bc
	1640a



Preliminary yield trial with some selected lentil mutants 
The preliminary yield trials were carried out with eight lentil mutants along with a check variety (Binamasur-5) at Magura and Chapainowabgonj during 2015-2016. The experiment was conducted in randomized complete block design with three replications. Unit plot size was 3 m × 2 m with 30 cm row to row distance. Normal cultural practices were done. Data on days to maturity, plant height, primary branches plant-1, pods plant-1 and 100-seed weight were recorded from 10 randomly selected plants from each plot. Plot seed yield was converted into kg ha-1. Statistical analysis of different characters of the mutants and the check are presented in the Table 53.
From the result, significant variations were observed for all the characters for combined means. It was observed that mutant LM-49 was the earliest for maturity (88 to 91 days) but produced less seed yield.. The mutant LM-21-6 produced highest yield at both the locations. From combined analysis, the same LM-21-6 was found promising for higher seed yield followed by LM-14-2. The two mutants were selected for further trial in the next growing season.
Table 53.  Yield and yield contributing characters of eight promising mutants along with a check  variety, BARI Masur-5 at Magura and Chapainowabgonj during 2015-16 
	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches plant-1 (no.)
	Pods plant-1 (no.)
	Yield
(kgha-1)

	Magura

	LM-149
	91f
	56.1a
	2.4bc
	94b
	1000d

	LM-5(3)-24
	108c
	55.9a
	5.3a
	155a
	1583b

	LM-21-6
	111ab
	48.3bc
	3.1bc
	176a
	1780a

	LM-14-2
	112a
	50.4abc
	3.4b
	172a
	1717a

	LM-158
	92ef
	54.6ab
	2.9bc
	91.3b
	1100cd

	LG-115
	96d
	56.1a
	2.3bc
	96.3b
	1033d

	LM-172
	93e
	54.9ab
	2.3bc
	102.3b
	1167c

	LM-185-2
	110b
	48.7bc
	2.1c
	157.7a
	1737a

	Binamasur-5
	111b
	45.3c
	2.5bc
	152a
	1741a

	Chapainowabgonj

	LM-149
	88d
	49.9
	1.3b
	63.9
	867e

	LM-5(3)-24
	105a
	47.3
	3.8a
	69.0
	1533c

	LM-21-6
	103a
	48.1
	3.7a
	80.3
	1753a

	LM-14-2
	105a
	48.6
	4.3a
	83.3
	1633b

	LM-158
	90cd
	47.5
	1.3b
	62.5
	967d

	LG-115
	95b
	51.3
	1.7b
	61.0
	1033d

	LM-172
	91c
	48.2
	1.5b
	63.4
	1000d

	LM-185-2
	104a
	46.4
	4.3a
	71.1
	1620bc

	Binamasur-5
	104a
	43.1
	3.6a
	66.5
	1707ab

	CV%
	1.48
	7.23
	18.29
	20.61
	3.78

	Combined

	LM-149
	89e
	52.9a
	1.8d
	79c
	933e

	LM-5(3)-24
	106b
	51.6ab
	4.5a
	112ab
	1558c

	LM-21-6
	107b
	48.1bc
	3.4bc
	128a
	1766a

	LM-14-2
	108a
	49.5ab
	3.8b
	127a
	1675b

	LM-158
	91d
	51.0ab
	2.1d
	76c
	1033d

	LG-115
	95c
	53.6a
	2.0d
	78c
	1033d

	LM-172
	92d
	51.5ab
	1.9d
	82c
	1083d

	LM-185-2
	107b
	47.5bc
	3.1c
	114ab
	1678b

	Binamasur-5
	107ab
	44.2c
	3.0c
	109b
	1723ab



Growing of M1 and M2 generation of lentil
    
To create variability a selected early germplasm LG- 115 was irradiated with 150 Gy, 200Gy and 250 Gy of gamma rays. A total of 150 M1 plants were harvested from three doses, 150 Gy, 200 Gy and 250Gy.  Seeds of these 150 M2 plants were grown in plant-progeny-rows at Magura sub-station along with the mother lines. Each row was 2 m long with 30 cm row to row distance. Normal cultural practices were done. Selection was done on the basis of earliness. A total of three lines were found four days earlier than the mother, LG-115.  All this seven lines will be evaluated in next generation. 
Table 54.  Yield and yield contributing characters of 20 mutants along with a check  variety, LG-115 at Magura and Chapainowabgonj during 2015-16 

	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches plant-1 (no.)
	Pods plant-1 (no.)
	Yield
(gplot-1)

	LM-175
	92
	46
	2.8
	44
	48.0

	LM-145
	91
	50
	3.8
	31
	150

	LM-195
	94
	49
	4.8
	37
	250

	LM-149
	92
	46
	3.2
	22
	120

	LM-216
	95
	58
	5.2
	41
	250

	LM-178
	93
	49
	3.4
	25
	220

	LM-172
	91
	49
	2.4
	22
	140

	LM-162
	91
	52
	3.4
	38
	150

	LM-168-1
	95
	57
	3.4
	60
	48.0

	LM-168-4
	92
	51
	3.3
	36
	12.0

	LM-141
	93
	51
	3.3
	39
	150

	LM-135
	93
	49
	3.8
	49
	125

	LM-137
	95
	45
	5.2
	55
	180

	LM-168
	94
	52
	2.2
	51
	240

	LM-215
	95
	52
	3.2
	32
	100

	LM-168-2
	93
	52
	2.8
	35
	25.0

	LM-158
	94
	54
	2.2
	37
	155

	LM-115
	93
	53
	3.6
	38
	120

	LM-193
	95
	51
	4.0
	54
	170

	LM-168-3
	95
	48
	3.8
	43
	25.0

	LG-115 (Control)
	95
	36
	2.4
	29
	120.0

	Range
	91-95
	36-57
	2.2-5.2
	22-60
	250-12.0



Evaluation of ICARDA germplasm lines of lentil
The evaluation trials were conducted with 36 early lines, 36 drought lines, 36 micronutrient rich lines and 20 F4 lines at Ishurdi and Chapainoabgonj.  Of them, we collected 12 drought lines and 14 F5 lines. Further evaluation will be done the next season.  


BLACKGRAM
Preliminary Yield Trial of seven selected blackgram mutants 
The trials were conducted with seven promising blackgram mutants along with three check varieties. (BARI mash-1, BARI Mash-2 and BARI Mash-3) at Magura and Chapainoabgonj. The experiment was laid out in a randomized complete block design with three replications.  Plant to plant distance was 3 - 4 cm in a row while line to line distance was 30 cm. Unit plot size was 20 m2 (5 m × 4 m). Intercultural operations; like weeding, thinning, application of pesticides, etc. were done for proper growth and development of plants in each plot. Harvesting was done depending on maturity of the lines. Data on various characters as plant height, number of primary branches plant-1, number of seeds pod-1, 100-seed weight were taken from 10 randomly selected plants of each plot. Seed yield per plot was recorded and converted into Kgha-1. Appropriate statistical analyses were performed by Duncan`s Multiple Range Test (Gomez and Gomez, 1984).
Table 55. Mean of yield and yield contributing characters of seven selected mutants of 
                 blackgram  grown at two locations, Magura and Chapainowabgonj during 2015

	Variety
	Plant height
(cm)
	Primary Branches plant-1 (no.)
	Pods plant-1  (no.)
	Seeds pod-1
(no.)
	100-seed
weight (g)
	Yield
(kg ha-1)
	

	Magura
	

	BM-211
	40.8 ABC    
	1.4 B
	35.6 CDE
	5.8  
	4.1 BC
	835.0
	

	BM-401
	41.5 AB     
	1.7 B
	39.6 ABC
	5.5  
	3.6 BC
	796.6
	

	BM-102
	40.2 BC    
	1.7 B
	37.5 BCD
	5.8  
	3.5 BC
	766.6
	

	BM-404
	41.8 AB     
	3.8 A
	42.2 AB
	5.9  
	3.7 BC
	840.0
	

	BM-108
	38.2 C    
	1.7 B
	32.0 DE
	5.8  
	3.4 C
	786.6
	

	BM-409
	43.7 A      
	1.6 B
	40.0 ABC
	6.0  
	5.5 A
	883.3
	

	BM-201
	39.5 BC    
	1.8 B
	44.5 A
	5.9  
	3.8 BC
	783.3
	

	BARI Mash-2
	41.6 AB     
	1.4  B
	31.3 E
	5.9 
	4.2 B
	843.3
	

	BARI Mash-3
	38.9 BC    
	1.9 B
	31.7 DE
	5.7  
	3.9 BC
	766.6
	

	BARI Mash-1
	40.4 BC    
	1.8 B
	40.7 ABC
	5.4  
	3.8 BC
	870.0
	

	LSD0.05
	2.862     
	1.8     
	5.481     
	NS    
	0.61    
	NS
	

	CV (%)
	4.10
	55.30
	8.51
	6.92
	9.43
	18.67
	

	Chapainoabgonj

	BM-211
	40.4 C
	1.3 BC
	26.2 AB
	6.2
	6.6
	866 BC
	

	BM-401
	43.2 ABC
	1.2 BC
	24.8 ABC
	6.1
	6.3
	900 AB
	

	BM-102
	41.2 BC
	1.0 C
	23.5 BC
	6.1
	6.6
	866 BC
	

	BM-404
	46.4 A
	1.9 A
	27.0 AB
	6.1
	6.3
	800 C
	

	BM-108
	46.4 A
	1.2 BC
	28.2 A
	6.3
	6.6
	950 A
	

	BM-409
	45.5 AB
	1.5 AB
	21.2 C
	6.2
	6.3
	893 ABC
	

	BM-201
	43.2 ABC
	1.1 BC
	27.5 AB
	5.5
	6.3
	883 ABC
	

	BARI Mash-2
	43.9 ABC
	1.2 BC
	25.7 AB
	6.0
	7.0
	866BC
	

	BARI Mash-3
	45.6 AB
	1.2 BC
	26.5 AB
	6.3
	6.6
	833 BC
	

	BARI Mash-1
	45.8 AB
	1.2 BC
	26.9 AB
	5.9
	7.0
	866 BC
	

	CV (%)
	5.64
	17.82
	9.17
	7.01
	     9.15
	7.7
	

	Combined

	BM-211
	40.6
	1.3b
	30.9
	6.0
	5.3
	850ab
	

	BM-401
	42.3
	2.9a
	32.0
	5.8
	4.9
	848ab
	

	BM-102
	40.7
	1.3b
	30.5
	5.9
	5.0
	816bc
	

	BM-404
	44.1
	2.8a
	34.6
	6.0
	5.0
	820bc
	

	BM-108
	42.3
	1.4b
	30.1
	6.0
	5.0
	868a
	

	BM-409
	44.6
	1.5b
	30.6
	6.1
	5.9
	888a
	

	BM-201
	41.3
	1.5b
	36.0
	5.7
	5.0
	833bc
	

	BARI Mash-2
	42.7
	1.3b
	28.5
	5.9
	5.6
	743d
	

	BARI Mash-3
	42.2
	1.5b
	29.1
	6.1
	5.2
	799c
	

	BARI Mash-1
	43.1
	1.5b
	33.8
	5.6
	5.4
	868a
	

	CV (%)
	4.86
	8.8
	8.84
	6.96
	9.29
	13.18
	



Results revealed that there was significant difference for most of the characters at Magura except seeds per pod and seed yield. It was non-significant for seeds per pod and 100-seed weight at Chapainowabgonj. The BM-409 was the tallest among the mutants and checks at Magura. In case of primary branches and pods per plant, BM-404 had highest branches and BM-201 had highest number of pods per plant. Seed yield was highest for BM-409 because of its higher number of seeds per pod and bigger seed size. BM-108 and BM-409 possessed higher plant height, primary branches per plant, pods per plant, seeds per pod, 100-seed weight and also seed yield at both the locations. Combining mean of two locations, it was observed that BM-409 produced the highest seed yield followed by BM-108 and BAR Mash-1.  This two mutant will be evaluated in the next season.

Growing of M1 generation of blackgram
To create variability BARI Mash-3 was irradiated with 600 Gy, 700Gy and 800 Gy of gamma rays and was grown at Magura. A total of 350 M1 plants were harvested from three doses, 600 Gy, 700 Gy and 800 Gy.  Seeds of these 350 M1 plants will be grown in plant-progeny-rows in the next season. 

GRASSPEA
Growing of M3 generation of grasspea
To create variability Binakheshari-1 and BARI Kheshari-2 were irradiated with 250 Gy, 300Gy and 350 Gy of gamma rays. A total of 300 M1 plants were harvested from three doses, 250 Gy, 300 Gy and 350 Gy.  Seeds of these 300 M2 plants were grown in plant-progeny-rows at BINA Headquarters with the mother varieties.  A total of 39 M3 mutants were selected and these mutants were grown  in plant- progeny-row at  Magura.  Each row was 2 m long with 30 cm row to row distance. Normal cultural practices were done. A total of seven mutants were selected for further evaluation in the next season.  
Table 56. Mean values of different characters of the selected M3 mutants of grasspea 
                 during 2015-16 
	Strain/variety 
	Date to maturity
	Plant height
(cm)
	Branches
plant-1
(no.)
	Pods plant-1
(no.)
	Seeds pod-1
	Seed yield plant-1
(g)

	GM-27
	113
	51
	4
	26
	4
	10

	GM-21
	118
	45
	3
	31
	4
	11

	GM-17
	114
	47
	2
	20
	4
	7.0

	GM-31
	115
	46
	3
	27
	3
	9.0

	GM-33
	118
	46
	4
	32
	4
	10.5

	GM-32
	119
	39
	2
	20
	4
	8.0

	GM-40
	119
	60
	5
	63
	5
	13.0

	Binakheshari-1
	120
	47
	3
	32
	5
	9.0

	BARI Kheshari-2
	120
	50
	3
	34
	3
	10.2



Growing of M1 generation of grasspea
To create variability Binakheshari-1 and BARI Kheshari-2 were irradiated with 250 Gy, 300 Gy and 350 Gy of gamma rays and were grown at Magura with their parents. A total of 300 M1 plants were harvested separately from three doses, 250 Gy, 300 Gy and 350 Gy.  Seeds of these 300 M2 seeds will be grown in plant-progeny-rows in the coming seasons. BINA Headquarters with the mother varieties.  A total of 39 M3 mutants were selected and these mutants were grown  in plant- progeny-rows at  Magura.
JUTE
With a view to develop a short duration high fiber and stick yielding Tossa  jute variety with better quality seeds of the Indian tossa jute variety JRO-524 were irradiated with 700 Gy, 800 Gy, 900 Gy and 1000 Gy doses of gamma rays. Immediately after irradiation the seeds were sown in the field in September 2015 at BINA HQ farm, Mymensingh and M2 seeds were harvested dose wise in January 2016 and kept separately for growing M2 generation.  In M2 generation, seeds were sown dose wise in separate plots on 27 April 2016 at BINA HQ farm, Mymensingh. Distances between plants and rows were 7-8 cm and 30 cm, respectively. The length of a row was 3.0 m. recommended doses of fertilizers, cultural and intercultural practices were followed as and when necessary. Data on plant height, base diameter, green weight with and without leaves, and dry fiber weight and stick weight were recorded dose wise from five competitive plants. Finally, these data were subjected to proper statistical analyses and are presented in Table 57. 
Base diameter, green weight without leaves and fiber weight increased significantly in all the progenies of 700-1000 Gy irradiated populations while plant height and green weight with leaves increased significantly in the progenies of 700Gy, 900 Gy and 1000 Gy doses irradiated populations than the control (Table57). 
Table 57. Means of fiber yield and yield attributes in M2 generation of gamma ray   irradiated jute variety JRO-524
	Dose
	Plant height
(cm)
	Base diameter
(cm)
	Green weight
with leaves
(gm)
	Green weight
without leaves
(gm)
	Fiber weight (gm)
	Stick weight
(gm)

	700
	299
	1.83
	1250
	1000
	80
	155

	800
	290
	1.89
	750
	700
	60
	105

	900
	317.2
	1.49
	900
	800
	78
	135

	1000
	311.6
	1.56
	1000
	900
	82
	137

	Control
	290
	1.26
	750
	620
	55
	100

	Mean
	301.56
	1.606
	930
	804
	71
	126.4

	SE(±)
	5.55
	0.12
	92.84
	67.82
	5.59
	10.37



Moreover, 5 plants from 700 Gy,7 plants from 800 Gy, 5 plants from 900 Gy and 11 plants from 1000 Gy were selected based on significantly taller plant, broader   base diameter and  no branching habit (Table 58).

Table 58. Plant height and base diameter of selected mutants of JRO-524 from different gamma ray doses 
	Sl. No.
	Mutant
	Plant height (cm)
	Base diameter (cm)

	1
	JRO-524-700-1
	300
	1.74

	2
	JRO-524-700-2
	290
	1.69

	3
	JRO-524-700-3
	240
	1.50

	4
	JRO-524-700-4
	230
	1.49

	5
	JRO-524-700-5
	270
	1.47

	6
	JRO-524-800-1
	270
	1.75

	7
	JRO-524-800-2
	272
	1.79

	8
	JRO-524-800-3
	330
	2.38

	9
	JRO-524-800-4
	277
	1.32

	10
	JRO-524-800-5
	315
	1.63

	11
	JRO-524-800-6
	260
	1.42

	12
	JRO-524-800-7
	300
	1.69

	13
	JRO-524-900-1
	290
	1.63

	14
	JRO-524-800-2
	295
	1.60

	15
	JRO-524-800-3
	305
	1.56

	16
	JRO-524-800-4
	290
	1.41

	17
	JRO-524-800-5
	270
	1.30

	18
	JRO-524-1000-1
	290
	1.51

	19
	JRO-524-1000-2
	275
	1.42

	20
	JRO-524-1000-3
	300
	1.54

	21
	JRO-524-1000-4
	300
	1.58

	22
	JRO-524-1000-5
	298
	1.51

	23
	JRO-524-1000-6
	292
	1.41

	24
	JRO-524-1000-7
	300
	1.52

	25
	JRO-524-1000-8
	292
	2.0

	26
	JRO-524-1000-9
	300
	1.59

	27
	JRO-524-1000-10
	267
	1.42

	28
	JRO-524-1000-11
	300
	1.53

	29
	JRO-524 ( Parent)
	290
	1.26

	Range
	230-330
	1.3-2.38



ONION
On farm and on-station trials using M7 set for bulb yield potentials in Kharif-II season 
This experiment was carried out with two mutant lines along with a check variety BARI Piaz-3 following RCB designs with 3 replications. Unit plot size was 3.0 m  1.0 m within raised beds of 12.0m length. Sets raised during February-April 2015 were transplanted on 14 August at Magura, 27 August at Ishurdi and Bogra, at Chapainawabgonj, and on 30 September 2015 at Rangpur. Single sets were transplanted at 15 cm distance within rows of 20 cm apart. Fertilizers were applied at the rate of Urea 200 kg, Triple Super Phosphate (TSP) 175 kg, Muriate of Potash (MoP) 150 kg and Gypsum 110 kg/ha fertilizers apart from recommended cultural and intercultural operations. The experiment at Chapainawabgonj was damaged due to severe rain fall just after transplanting. Data on leaves/plant at vegetative stage, bulb diameter, and individual bulb weight were recorded from randomly selected five competitive plants and fresh and dry bulb weight, bulb maturity and yield were recorded plot basis. Plot yield was later converted to t/ha. Shelf life was estimated by deducting the dry bulb weight from fresh bulb weight after storing more than 2.0 months at ambient condition. Finally, appropriate statistical analyses were made.
Table 59. Bulb yield and related traits of two mutant lines along with the check variety at four locationsin the Kharif-II season, 2015

	Mutants/ varieties
	Plant height
(cm)
	Leaf
plant-1
(no.)
	Bulb diameter
(cm)
	Individual bulb weight
(g)
	Fresh bulb  yield ha-1
(t)
	Dry bulb
Yield 
ha-1(t)
	Weight loss on drying (%)

	Ishurdi

	BP2/100/2
	33.77
	4.97
	3.24
	13.43
	5.57
	4.73
	15.00

	BP2/75/2
	34.73
	4.37
	3.32
	15.97
	4.78
	3.82
	20.00

	BARI Piaz-3
	32.87
	3.90
	2.93
	13.80
	4.25
	3.14
	26.04

	LSD (0.5)
	0.29
	0.08
	0.07
	0.19
	0.05
	0.04
	-

	Magura

	BP2/100/2
	41.53
	6.07
	4.92
	15.55
	7.65
	6.35
	17.00

	BP2/75/2
	30.93
	5.0
	3.03
	16.11
	5.27
	4.27
	19.00

	BARI Piaz-3
	30.67
	3.27
	2.91
	13.31
	3.71
	2.67
	28.03

	LSD (0.5)
	0.48
	0.12
	0.06
	0.08
	0.05
	0.03
	0.14

	Rangpur

	BP2/100/2
	41.33
	4.60
	3.17
	15.53
	5.11
	4.31
	15.73

	BP2/75/2
	41.70
	4.57
	2.93
	15.74
	5.17
	4.15
	19.64

	BARI Piaz-3
	34.67
	3.20
	2.37
	11.62
	4.51
	3.51
	22.07

	LSD (0.5)
	0.21
	0.08
	0.09
	0.11
	0.02
	0.05
	0.55

	Bogra

	BP2/100/2
	47.53
	8.8
	3.20
	18.60
	10.95
	8.88
	18.90

	BP2/75/2
	45.40
	8.2
	3.63
	20.62
	11.27
	9.11
	19.14

	BARI Piaz-3
	38.13
	7.6
	2.90
	19.30
	9.57
	7.64
	20.09

	LSD (0.5)
	2.37
	0.43
	0.29
	0.78
	0.25
	0.06
	0.45



It appears that BP2/75/2 had the tallest plant height at Ishurdi and Rangpur while BP2/100/2 at Magura and Bogra (Table 59). In contrast, the check variety, BARI Piaz-3 had significantly the shortest plant height at all locations. Leaf number, an important yield attributes in onion, was the highest in BP2/100/2 at all locations followed by BP2/75/2 showing either significant or not significant differences with the others, while the check variety, BARI Piaz-3 had the lowest number of leaves/plant. BP2/75/2 had significantly the largest bulb size, expressed here as bulb diameter, at Ishurdi and Bogra while BP2/100/2 at Magura and Rangpur. In contrast, the check variety, BARI Piaz-3 had significantly the smallest bulb size of all at all locations. Another parameter for bulb size, individual bulb weight, was the highest in BP2/75/2 at all locations.
The mutant BP2/100/2 produced significantly the highest fresh and dry bulb yields at Ishurdi and Magura followed by BP2/75/2. In contrast, BP2/75/2 produced significantly the highest freshand dry bulb yields at Rangpur and Bogra followed by BP2/100/2. The check variety, BARI Piaz-3 produced significantly the lowest yield at all locations. Weight loss on drying after 2 months at ambient conditions, an indicator of shelf life, was much lower in both the mutants than the check at all locations (Table 9).
M9 pure seed production
Three M8 mutant lines: BP-2/75/2, BP2-75/5 and BP2/100/2 of summer onion derived from BARI Piaz-2 were used in this experiment. Seedlings were raised during 15 September to 17 November 2015 at Mymensingh. BP2-75/5 was transplanted on an area of 30 m2 at Ishurdi on 18 November, BP-2/75/2 on area of 70m2 at Chapainawabgonj and BP2/100/2 on an area of 22 m2at Rangpuron 5 November 2015 at 15 cm distance within rows of 20 cm apart. Fertilizers were applied at the rate of Urea 320 kg, Triple Super Phosphate (TSP) 415 kg, Muriate of Potash (MoP) 170 kg and Gypsum 100 kg/ha apart from recommended cultural and intercultural operations. The seed plot of BP2/75/5 at Ishurdi was damaged due to hail storm before maturity. Only date of seed maturity was recorded. 

Table 60. Pure seed yield and maturity period of three mutant lines of summer onion at three separate locations during winter season, 2016
	Mutants/
varieties
	Location
	Days to maturity
	Seed yield ha-1
(kg)

	BP2/75/2
	Chapainwabgonj
	151
	459

	BP2/100/2
	Rangpur
	151
	416

	BP2/75/5
	Ishurdi
	144
	Very negligible



Both the mutant lines BP2/75/2 and BP2/100/2 matured in 151 days and produced 459 and 416 kg/ha seed yield, respectively (Table 60). The other mutant line BP2/75/5 damaged due to hail storm before seed maturity, although very few plants escaped. The escaped plants matured in 144 days.
On farm and on-station trials for seed yield potential of the M9 mutants
This experiment was carried out with three mutant lines: BP-2/75/2, BP2-75/5 and BP2/100/2 along with a check variety, BARI Piaz-3 (Fig. 11) following RCB design with 3 replications. Unit plot size was 3.0 m  1.0 m. Seedlings were raised during 15 September to 23 November 2015 and transplanted at 15 cm distance within rows of 20 cm apart. Seedlings were transplanted at Tanore, Rajshahi on 17 November, at Gurudaspur, Natore on 24 November, at Ghior, Manikgonj on 21 November and at Rajbari on 24 November 2015. Fertilizers were applied at the rate of Urea 320 kg, Triple Super Phosphate (TSP) 415 kg, Muriate of Potash (MoP) 170 kg and Gypsum 100 kgha-1 apart from recommended cultural and intercultural operations. The experiment at Rajbari was damaged at the flowering stage due to severe disease incidence. Data on umbel diameter, inflorescence/umbel, and seed yield plant-1  and 1000-seed weight were recorded from 10 randomly selected competitive plants and maturity. Maturity was recorded plot basis. Seed yield plot-1 was later converted to kg ha-1. Finally, appropriate statistical analyses were made.

Table 61. Seed yield and related traits of three mutant lines of summer onion at three locations during winter season, 2016
	Mutant lines/ varieties
	Umbel diameter (cm)
	Inflorescence
Umbel-1
(no.)
	Yield
plant-1
(g)  
	1000-seed weight
(g)
	Seed yield ha-1 (kg)

	Rajshahi

	BP2/75/2
	4.71
	159.10
	2.16
	2.80
	493.33

	BP2/100/2
	5.03
	133.47
	2.20
	2.65
	523.00

	BP2/75/5
	4.73
	140.47
	2.07
	2.59
	436.67

	BARI Piaz-3
	4.87
	106.27
	1.99
	2.67
	276.70

	LSD(0.05)
	0.10
	1.59
	0.06
	0.04
	2.92

	Natore

	BP2/75/2
	4.71
	149.40
	2.40
	2.46
	546.3

	BP2/100/2
	4.28
	162.93
	2.40
	2.48
	485.0

	BP2/75/5
	4.33
	174.67
	2.44
	2.41
	519.7

	BARI Piaz-3
	4.64
	115.0
	2.23
	2.36
	343.7

	LSD(0.05)
	0.04
	0.69
	0.02
	0.04
	1.60

	Manikgonj

	BP2/75/2
	4.9
	149.3
	2.88
	2.72
	497.7

	BP2/100/2
	5.0
	154.4
	2.13
	2.04
	500.0

	BP2/75/5
	4.8
	138.7
	2.43
	2.59
	473.0

	BARI Piaz-3
	4.5
	114
	2.01
	2.47
	217.7

	LSD(0.05)
	0.11
	3.11
	0.02
	0.02
	1.33



The mutant line BP2/100/2 had the largest umbel size at Tanore, Rajshahi and Ghior, Manikgonj followed by BARI Piaz-3 and BP2/75/2, respectively (Table 3). In contrast, at Gurudaspur, Natore, the mutant BP2/75/2 had the largest umbel size followed by BARI Piaz-3. In contrast, BP2/75/2 had the smallest umbel size at Tanore, BP2/100/2 at Gurudaspur and BP2/75/5 at Ghior. BP2/75/2 had the highest number of inflorescences/umbel at Tanore, and BP2/75/5 at Gurudaspur, and BP2/100/2 at Ghior, followed by BP2/75/5, BP2/100/2 and BP2/75/2, respectively. 
In contrast, the check variety, BARI Piaz-3 had the lowest number of inflorescences/umbel at all locations. BP2/100/2 had the highest seed yield/plant at Tanore, BP2/75/5 at Gurudaspur and BP2/75/2 at Ghior followed by BP2/75/2, BP2/100/2 and BP2/75/5, respectively. In contrast, the check variety, BARI Piaz-3 had the lowest seed yield/plant at all locations. Thousand seed weight was the heaviest in BP2/75/2 at Tanore and Ghior, and in BP2/100/2 at Gurudaspur. In contrast, BP2/75/5 had the lightest thousand seed weight at Tanore and Gurudaspur and the check variety BARI Piaz-3 at Ghior.
Seed yield/ha was the highest in BP2/100/2 at Tanore and Ghior, and BP2/75/2 at Gurudaspur followed by BP2/75/2 and BP2/75/5, respectively. In contrast, the check variety, BARI Piaz-3 had the lowest seed yield/ha at all locations.  
Production of sets from the M8 seeds 
This experiment was carried out with two mutant lines along with a check variety, BARI PIaz-3. Unit plot size was 20.0 m  3.0 m. Seeds were directly sown in the field during second week of February 2016. Fertilizers were applied at the rate of Urea 200 kg, Triple Super Phosphate (TSP) 175 kg, Muriate of Potash (MoP) 150 kg and Gypsum 110 kg/ha fertilizers apart from recommended cultural and intercultural operations. At maturity, sets were collected variety wise and were dried in the sun for storage. Sufficient sets have been produced of the mutants BP2/100/2, BP2/75/2 and BP2/75/5. But due to germination failure, very few sets could be harvested from the check variety, BARI Piaz-3.


BIOTECHNOLOGY DIVISION
Research Highlights 
Genetic Engineering:
We initiated the Gene isolation cloning programme of salinity, drought, submergence tolerant novel genes from different local and wild rice genotypes.
From salt tolerant rice land race Pokkali, two novel salinity and drought tolerant genes OsNHX2 and DREB were isolated and cloned into pDONOR221 vector using Gateway Cloning techniques.
The FR13A is a submergence tolerant land race of rice containing several novel genes. We isolated and cloned antiporter regulating protein gene OsARP from this cultivar. This gene is functionally tolerant to salinity, drought and submergence.
The exotic germplasm MR219 is a salt tolerant rice line. From this line a novel salt tolerant gene OsSAP was isolated and cloned.
Protocol for Agrobacterium mediated indica rice transformation has been established using embryogenic calli. Agrobacterium strain GV3101 harbouring two salt tolerant genes OsCAL and OsABS have been using for rice transformation.
Mutation and molecular breeding: 
During Boro season of 2015-16, an advanced yield trial was conducted with four mutant lines of rice along with check varieties BRRI dahan28 and BRRI dhan29. Among them, two mutant lines E-02 and THDB were found to be promising in respect of grain yield and early maturity. Multi-location yield trials will be conducted in next Boro season.
During T. aman season of 2015, an advanced yield trial was conducted with three premium quality mutant lines along with check variety Binadhan-7. Among them, two mutant lines MV-20 and MV-40 were found to be promising in respect of grain yield and early maturity. Multi-location yield trials will be conducted in next T. aman season.
In T. Aman 2015 and Boro 2015-16 a total of seven local rice genotypes were irradiated for developing high yielding, stress tolerant (biotic and abiotic) mutant lines and substantial amount of M2 seed have been collected.
For developing salt tolerant and diseases resistant high yielding variety, a total of sixteen crosses were made and about 1289 F1 seeds were collected.
Identification and utilization of high yield QTLs for breaking yield ceiling of the cultivated Bangladeshi elite rice varieties, two crosses were made and about 35 F1s seed were collected.
In Rabi season 2015, some other cereals like wheat, barley, kaon and cheena were irradiated and substantial amount of M2 seeds were collected.  





PROGRAMME AREA I: GENETIC ENGINEERING
Expression and detection of salinity and drought induced genes through RT-PCR Plant culture
Rice cultivars Pokkali (salt tolerant) and BRRI dhan29 (salt susceptible) were used in this study. Rice seeds were kept in oven (400C) to break the dormancy and soaked with distilled water in the Petridis. The radical of the pre-germinated rice seeds were carefully sown and inserted in nylon mesh in each hole of the Styrofoam seeding float, then placed in the water. The water was replaced with nutrient solution (Yoshida solution and Ferrous sulphate) after three days. Fully established seedlings were placed with salinized nutrient solution as described by Yoshida et al. (1976). The salinity level was measured through electrical conductivity (EC) using the EC meter. New solution was added every eight days and the pH was monitored everyday and maintained at 5.2. Seedlings were grown in a controlled environment chamber (Glass house) with day/night temperatures of 25/21°C under 14 h of light (300μEm−2s−1); humidity was approximately 50%. Afterwards, the plants were stressed by adding NaCl at a final concentration of 150mM to the nutrient solution for 1h, 6h, 24h and 72h. Non-stressed control plants were grown concurrently and harvested at the same time. After harvesting, all samples were stored in -800C freezer before being subjected to RNA isolation.
Total RNA isolation
Total RNA extraction from shoots and leaves of rice cultivar Pokkali and BRRI dhan29 was done using PureLinkTM RNA Mini Kit (ambion, USA) following the manufacturer’s protocol. Visualization of the quality of total RNA was achieved with the use of 1.2 % agarose gel electrophoresis with 1µl ethidium bromide per 100 ml 1X TAE buffer. Electrophoresis was performed at an unvarying voltage of 70 V for the duration of 70 min. The quantification of total RNA was accomplished with the utilization of a NanodropND1000 spectrophotometer (Nanodrop, USA).
cDNA synthesis and semi-quantitative RT-PCR analysis
Total RNA extracted from treated and non-treated leaves and shoot tissues was converted to complementary DNA (cDNA). A Reverse Transcription System was employed for carrying out first-strand cDNA synthesis by using Superscript III 1st strand cDNA synthesis kit (Invitrogen, USA) according to manufacturer’s protocol. Semi qRT-PCR of NHX1, NHX2, SOS1, HKT(3,4) and HAK(4,7) genes was carried out using specific primers for amplification of PCR products of around 150–300 bp length. Rice Actin gene was used as an internal reference in PCR reactions. The PCR products (10μl) were analysed through 1.5 % agarose gel electrophoresis with the use of ethidium bromide.
Expression of OsNHX1, OsNHX2 and OsSOS1 gene of rice 
To assess the effect of salt on the expression of OsNHX1 gene, total RNA from tissues of NaCl treated plants was isolated. The expression levels of OsNHX1 gene in tissues were evaluated by semi-quantitative RT-PCR. The results indicated that OsNHX1 was up-regulated after 1h stress and continued up-to 24h salinity stress in Pokkali compared with control treatment (0h). But after 72h, the level of expression was decreased or absent. After 1h salinity stress to 24h level of expression was stabled but higher expression levels were detected in 1h compared with in all treatments in Pokkali. On the other hand, no expression was detected in BRRI dhan29 at control condition and 1h to 24h salinity stress. But after 72h salinity stress this gene was up-regulated i.e., level of expression of OsNHX1 gene was un-stable in BRRI dhan29 (Fig.1). Significantly increased OsNHX2 transcript levels were observed in tissues of salt treated Pokkali cultivar. Under 150mM of NaCl concentration, the expression levels of OsNHX2 were up-regulated after 1h salinity stress and continued up-to72h compared with non-stress condition. The levels of OsNHX2 expression were stabled in Pokkali.  In case of BRRI dhan29 after 1h salinity stress this gene was up-regulated but down regulated at 6h to 72h salt stress. This indicated that the expression of OsNHX2 gene was un-stabled in BRRI dhan29 (Fig.1). The inter-relationship between OsNHX1 and OsNHX2 in Pokkali was observed at 72h of salt stress where OsNHX1 was down regulated and OsNHX2 was up-regulated. On the other hand, no inter-relationship between OsNHX1 and OsNHX2 genes was detected when upon imposed salinity stress in BRRI dhan29. Significantly increased in OsSOS1 transcript levels were observed in tissues of salt treated Pokkali cultivar. The expression levels of OsSOS1 up-regulated after 1h and continued up-to 72h compared with non-stress condition and the stable expression was found in all time points of Pokkali. On the other hand, in BRRI dhan29 this gene was up-regulated after 1h and 72h salinity stresses as compared with non-stress condition but down-regulated after 6h and 24h salinity stress  i.e., expression of OsSOS1 gene was un-stable in BRRI dhan29 (Fig.1).
Expression of OsHKT family genes of rice 
Significantly increased OsHKT3 transcript levels were observed in tissues of salt treated Pokkali cultivar. The expression levels were up-regulated and stable from 1h to 72h compared with non-stress condition. Higher expression of OsHKT3 was observed after 72h. The expression of OsHKT4 was up-regulated and stable after 1h and continued up-to72h compared with non-stress condition. On the other hand of BRRI dhan29, The expression of OsHKT3 gene was absent at non-stress condition up-to 24h but after 72h up-regulated expressed i.e., level of expression of OsHKT3 gene was un-stable. In OsHKT4 the expression was up-regulated and stable after 1h to72h compared with non-stress condition. The higher expression level was found in 1h and down regulated transcript level was found in 6h (Fig.1).
Expression of OsAKT1 and OsHAK family genes of rice
Significantly increased in OsHAK4 expression levels were observed in tissues of salt treated Pokkali cultivar. The expression levels were up-regulated and stabled after 1h and continued up-to72h compared. After 72h salinity stress the level of expression was slightly down regulated as compared with another time points. In OsHAK7, after 1h up-to72h was up-regulated and stable compared with non-stress condition. After 6h the level of expression was highly up-regulated as compared with another time points. The behavior of OsHAK4 and OsHAK7 was as like housekeeping gene. On the other hand of BRRI dhan29, in OsHAK4 the level of expression after 1h up-to 24h was found stable, up-regulated and 72h slightly down regulated expressed. In OsHAK7 the expression levels were up-regulated after1h and continued up-to 72h compared with non-stress condition. The level of expression was higher after 1h to 72h (Fig.1).
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Fig 1. Expression patterns of the novel salinity/drought tolerant genes of rice. Semi-quantitative RT-PCR was carried out with specific primers using the RNA isolated from shoots (rice seedlings) subjected to salinity stress for various time points.  Actin amplification was used as the internal control.
)
Cloning of salinity and drought induced rice genes through Gateway technology
Plant culture
Three rice cultivars FR13A, Pokkali and MR219 were used to make clones of three novel genes OsARP, DREB and OsSAP, respectively. Rice seeds were kept in oven (400C) to break the dormancy and soaked with distilled water in the Petridis. The radical of the pre-germinated rice seeds were carefully sown and inserted in nylon mesh in each hole of the Styrofoam seeding float, then placed in the water. The water was replaced with nutrient solution (Yoshida solution and Ferrous sulphate) after three days. Fully established seedlings were placed with salinized nutrient solution as described by Yoshida et al. (1976). The salinity level was measured through electrical conductivity (EC) using the EC meter. New solution was added every eight days and the pH was monitored everyday and maintained at 5.2. Seedlings were grown in a controlled environment chamber (Glass house) with day/night temperatures of 25/21 °C under 14 h of light (300μEm−2s−1); humidity was approximately 50%. Afterwards, the plants were stressed by adding NaCl concentration of 150mM to the nutrient solution for 1h, 6h, 24h and 72h. Non-stressed control (0h) plants were grown concurrently and harvested at the same time. After harvesting, all samples were stored in -800C freezer before being subjected to RNA isolation.
Total RNA isolation and cDNA synthesis
Total RNA extraction was done using shoots and leaves of rice cultivar cvs. Pokkali and BRRI dhan29 using PureLinkTM RNA Mini Kit (ambion, USA) for these stress treatments in accordance with the manufacturer’s protocol. Visualization of the quality of total RNA was achieved with the use of 1.2 % agarose gel electrophoresis with 2.0µl ethidium bromide per 100 ml 1X TAE buffer. Electrophoresis was performed at an unvarying voltage of 70V for the duration of 70 min. The quantification of total RNA was accomplished with the utilization of a NanodropND1000 spectrophotometer (Nanodrop, USA). Total RNA extracted from treated and non-treated leaves and shoot tissues was converted to complementary DNA (cDNA). A Reverse Transcription System was employed for carrying out first-strand cDNA synthesis by using Superscript III 1st strand cDNA synthesis kit (Invitrogen, USA) according to manufacturer’s protocol.
Results
The cDNA containing the OsARP (FR13A), DREB (Pokkali) and OsSAP (MR219) genes were amplified by PCR using Q5 High Fidelity DNA polymerase (NEB, USA) with gene-specific primers (PCR1) and subsequently with Gateway adapter primres (PCR2) (Fig.2-8). The linear 
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fragments flanked by attB sequences were subjected to site-specific recombination with the entry vector pDONOR221 (Invitrogen), containing the ccdB gene, flanked by attP sites and catalyzed by BP Clonase, yielding entry clones. 
These entry clones were used to transform E. coli competent DH5α cells by heat shock method. Transformants were grown on LB agar plates containing 50mgml–1 kenamycin. Positive colonies were confirmed by colonies PCR using gene specific primers. Plasmid from positive colonies was isolated by using PurelinkTM Plasmid isolation Kit (Invitrogen, USA), which was used to clone into plant expression vector pB2WG7 containing cauliflower mosaic virus 35S promoter and herbicide (Basta) resistant gene by using LR Clonase. These expression clones were used to transform E. coli competent DH5α cells by heat shock method. Transformants were grown on LB agar plates containing 50mgml–1 kenamycin (Fig.9). Again, positive colonies were confirmed by colonies PCR using gene specific primers. Plasmid from positive colonies was isolated by using PurelinkTM Plasmid isolation Kit (Invitrogen, USA) which was used to transform Agrobacterium tumefaciens strain GV3101 by heat shock method. Positive colonies were confirmed by PCR using gene specific primers. Positive clones of Agrobacterium tumefaciens were cryo-preserved in 50% glycerol (1:1 ratio) and store into -800C freezer.
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Transfer of salinity and drought tolerant genes into rice through Agrobacterium                          mediated gene transformation

Induction of embryogenic calli 
The objective of this research was to establish efficient transformation protocol in indica rice with a view to develop transgenic rice varieties. Here we used two BINA released inbreeds (Binadhan-14 and Binadhan-17) and BRRI released three inbreeds (BRRI dhan28, BRRI dhan29 and BRRI dhan48) in this study. First mature healthy dehusked seeds were sterilized with 70% ethanol for 3 minutes and then with 3% sodium hypo chloride solution for 5-10 minutes, followed by 5-7 washes in sterile distilled water. Sterilized seeds were cultured on callus induction medium MS salts (Murashige and Skoog, 1962) containing B5 vitamins, 30.0g/L sucrose, 3.0mg/L, 2-4-dichlorophenoxyacetic acid [2-4D], 0.3mg/L kinetin, 4.0g/L phytagel and 2.0g/L agar) at 25°C in the dark. After 3-4 weeks, the proliferating calli were sub cultured onto the same medium (without breaking) and cultured for another 3-4 weeks. White hard embryogenic calli appeared at this stage. The embryogenic calli of 5-6mm diameters were subcultured onto the same medium 5 days before infection with Agrobacterium.   



Agrobacterium-mediated transformation     
A super-virulent Agrobacterium GV3101 strain harbouring plant expression vector pB2WG7 containing OsCAL and OsABS genes was grown to an optical density (OD) of 1.0 in AB medium containing 250 mg/L cefotaxime and 10.0mg/L rifampicin. Afterwards, the culture was centrifuged at 3220g for 10 min, and the pellet was resuspended in equal volume of AA-AS medium (AA medium containing 20 g/L sucrose, 10g/L glucose, 10g/L casamino acid, 100µM acetosyringone (pH 5.6). The calli were immersed in bacterial suspension for 1 min, and the excess bacterial suspension was removed by blotting on sterile tissue paper. Infected calli were transferred onto an MS cocultivation medium (MS salts, B5 vitamins, 30g/L maltose, 10g/L glucose 100µM acetosyringone, 3.0g/L phytagel (pH 5.6) overlaid with Whatman no. 1filter paper.  Before transfer of calli, the Whatman no.1 filter paper was wetted with 1mL of AA-AS medium. Infected calli were incubated at 25°C for 3 days in the dark. After 3 days, infected calli were washed 4-5 times with sterile distilled water and finally once with aqueous solution containing 250 mg/L of cefotaxime and streptomycin, blotted on sterile tissue paper, and transferred to MS selection medium (MS callus induction medium containing 250 mg/L of  cefotaxime and streptomycin. After 12 days in the selection medium, healthy portions of the calli (2-3mm) were sub-cultured onto a fresh selection medium, twice, at 3 to 4-week intervals. After 3 rounds of selection, actively growing pieces of calli were transferred to MS regeneration medium (MS medium containing 300mg/L casamino acid, 3.0mg/L 6-benzylamineopurine (BAP), 1.5 mg/L ∝-naphthaleneacetic acid (NAA), 30 mg/L hygromycin, 250 mg/L cefotaxime, and 4g/L phytagel) and kept in the dark for 2 weeks. after that, the calli were transferred to fresh regeneration medium and incubated under a 16-hour-light (110-130 µE/m2/s) and 8-hour-dark photo-period. Shoot regeneration was observed after 2-4 weeks. 
Results
It was evident that the starting material for Agrobacterium-madiated transformation is the most crucial factor for increased efficiency of transformation. Here we used 2-month-old mature seed-drived embryogenic calli for co-cultivation (Fig.10A,B). Two month old hard friable calli were able to withstand infection with Agrobacterium efficiency. It was observed that the use of a lower concentration (OD of 0.5) of Agrobacterium culture suspended in AA-AS medium and co-cultivation (Fig.10C) on media overlaid with Whatman no. 1 filter paper reduced the browning of calli after co-cultivation possibly because of reduced damage to explants during Agrobacterium infection, which resulted in less phenolic production and better recovery of callus during selection. During the second round of selection, the calli were kept on the medium for a minimum period of 25 days in order to demarcate the transformed from the non transformed cells. The calli that grow actively during the third round of selection were found to be transformed (Fig.10D). After three rounds of selection, actively growing piece of calli were transferred to MS regeneration medium and kept in the dark condition for 2 weeks. Then the calli were transferred to fresh regeneration medium and incubated under a 16-hour light (110-130µE/m2/s) and 8 hour dark photo period. After 2-4 weeks shoot regeneration were occurred and we found three green and one albino plants (Fig.10E). 
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PROGRAMME AREA II: INDUCED MUTATION AND MARKER ASSISTED BREEDING
Advanced yield trial of promising early maturing premium quality rice mutants in T. Aman season

This trial consisted of three mutants namely- MV-10, MV-20 and MV-40; and one check variety Binadhan-7. The experiment was conducted at BINA farm Mymensingh and BINA sub-stations of Jamalpur, Magura and Comilla during the T. aman season of 2015. It was a replicated trial having the unit plot size of 5.0 m x 4.0m. The row to row and plant to plant distances were 20cm and 15cm, respectively. Recommended production packages like application of recommended doses of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal plant growth and development. Data were taken for plant height, number of effective tillers, panicle length and number of filled grains from 10 randomly selected plants from each plot. Grain yield per plot were taken and plot yield data were converted to ton per hectare  (tha-1). In addition to yield attributes, some quality parameters like 1000-grain weight, grain length (L), breadth (B) and L/B ratio were also taken. The results are presented in Tables 1, 2 and 3.  Among the genotypes, plant height ranged from 89.6cm to 92.0cm. Number of effective tillers, panicle length, number of filled grains, and maturity period ranged from 11 to 13, 26.4cm to 27.2cm, 142 to 186 and 112 to 115 days, respectively. All of the mutants gave higher grain yield than the check variety Binadahan-7 in general, but the mutant line MV-20 produced 1.0 tha-1 higher yield, in particular. In respect of grain quality attributes, 1000-grain weight, length, breadth and L/B ratio ranged from 25.0 to 26.8g, 9.3mm to 10.mm for MV-40, 2.5mm and 3.72 to 4.0 for MV-40. All of the mutants belonged to long grain (LG) and premium quality type. These three promising mutant lines are selected for zonal/muti-location yield trials in the next T. aman season.
Table 1. Morphological and agronomical characters some premium quality rice mutants
	Genotypes 
	Plant height (cm) 
	Effective
tillers (No.)
	Panicle length (cm) 
	Grains panicle-1 (No.)
	Days to Maturity (Days) 

	MV-10 
	92.7
	13
	27.2
	175
	112

	MV-20 
	89.6
	14
	26.8
	175
	114

	MV-40 
	91.6
	12
	26.4
	186
	113

	Binadhan-7 (check) 
	98
	11
	27.0
	142
	115



Table 2. Yield performance of some premium quality rice mutants in different locations
	Genotypes 
	Yield (tha-1)

	
	Mymensingh 
	Jamalpur 
	Magura 
	Comilla 
	Average 

	MV-10 
	6.4
	6.1
	6.3
	5.9
	6.2

	MV-20 
	6.8
	6.3
	6.5
	6.2
	6.5

	MV-40 
	6.5
	6.2
	6.3
	5.8
	6.2

	Binadhan-7 (check) 
	5.5
	5.4
	5.6
	5.3
	5.5



Table 3. Grain characteristics of some premium quality rice mutants
	Genotypes 
	Quality

	
	1000-seed
wt.(g)
	Length (mm) 
	Breadth (mm) 
	L/B 
	Remarks 

	MV-10 
	25.5
	9.8
	2.5
	3.92
	Premium quality, early and high yielding 

	MV-20 
	26.8
	9.9
	2.5
	3.96
	Premium quality, early and high yielding 

	MV-40 
	26.5
	10.0
	2.5
	4.00
	Premium quality, early and high yielding 

	Binadhan-7 (check) 
	25.0
	9.3
	2.5
	3.72
	Early 




Advanced yield trial some elite rice mutants/lines in Boro season
This trial included sixteen rice genotypes (mutants/lines) of diverged origin. The experiment was conducted at BINA farm Mymensingh and Comilla during the Boro season of 2015-2016. It was a replicated trial having the unit plot size of 4.0 m x 5.0m. The row to row and plant to plant distances were 20cm and 15cm, respectively. Recommended production packages like application of recommended doses of fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal plant growth and development. Data were taken for plant height, number of effective tillers, panicle length, number of filled grains and unfilled grains from 10 randomly selected plants from each plot. Grain yield per plot were taken and plot yield data were converted to ton per hectare (tha-1). The results are presented in Table 4. Plant height ranged from 92.0 cm to 99.2cm. Number of effective tiller ranged from 9.4 to 14.8 in E-02. Panicle length, number of filled grains, number of unfilled grains and maturity period ranged from 22.5cm to 25.89cm, 132.6 to 219.8 and 11.2 to 43.8, and 135days to 155 days, respectively. Among the six genotypes, E-02 gave highest grain yield of 8.20 tha-1 with similar maturity period of the check BRRI dhan28 and three weeks earlier than the check BRRI dahan-29. The other line also THBD gave higher grain yield than the check BRRIdhan-28. But it matured about ten days later than BRRI dhan-28 and ten days earlier than BRRI dhan-29. These two promising lines are selected for zonal/muti-location yield trials in the next boro season.
Table 4. Yield and yield attributes of 6 rice genotypes in Boro 2015-2016 (grain yield average of two locations)
	Sl. No.
	Genotypes
	Plant height (cm)
	Effective
tillers
(no.)
	Panicle
length
(cm)
	Filled grains panicle-1 (no.)
	Unfilled grains panicle-1 
(no.)
	Days to maturity
	Grain yield (tha-1)

	1.
	E -02
	96.2
	14.8
	25.8
	219.8
	29.6
	135
	8.20

	2.
	THDB
	95.4
	10.4
	22.5
	149.4
	17.0
	145
	6.92

	3.
	PNR-519
	92.0
	12.0
	25.4
	132.6
	43.8
	143
	6.22

	4.
	PNR-166
	98.8
	12.8
	24.6
	135.6
	23.0
	140
	6.10

	5.
	BRRI dhan-28 (check)
	94.6
	9.4
	24.4
	158.4
	11.2
	135
	6.64

	6 
	BRRI dhan-29 (check)
	99.2
	9.6
	24.1
	200.6
	41.6
	155
	7.43



Growing of M1 generation of local cultivated rice genotypes 
In T. Aman, 2015, two popular local rice genotypes viz. Sadamota and Moulota were irradiated with 3 doses of (200Gy, 300Gy and 350Gy). In Boro, 2015-16  five local rice viz. Mousumi katari, Golden katari, Minicate, Sonamukhi and Nania  were irradiated with 4 doses Gamma rays (200Gy, 250Gy, 300Gy and 350Gy). Before irradiated, germination test has been done. After irrradiation seeds were sown on tray and than thirty days old seedling were transplanted in the field. Fertilizers application, weeding and other intercultural operation were done as per BINA recommended rice production practices. At maturity stage, substantial amount M1 seeds were harvested, than dried and stored in paper bags with proper labeling for growing M2 generations in next season.

Improvement of salt tolerant rice varieties through marker assisted backcross breeding                            
In Boro’2015-16 seven parents were grown for crossing purpose. Out of these, three were donor parents viz. IR4630, FL478, FL378 and four were recipient parent’s viz. BRRI dhan29, BRRI dhan28, MR219 and PNR166. Both of the parent’s i.e. recipients and donor plants were grown in three sets with an interval of ten days for synchronizing the flowering. Thirty days old single seedlings were transplanted in a 5.5m × 2m row plot with 20cm × 20cm spacing. Fertilizers application, weeding and other intercultural operation were done as per BINA recommended rice production practices. Usual methods of emasculation and pollination were done. At maturity F1 seeds were collected, dried and stored in paper bags with proper labeling. During the reporting period a total of 694 F1 seeds were obtained from different cross combinations. These seeds will be used for future backcrossing program for development of high yielding, salt tolerant and fine quality rice lines. 
                                            
Table 5: List of crosses during Boro/2015-16 seasons

	Sl. No.
	Crosses
	No. of seeds  harvested
	Objectives

	1
	BRRI dhan28 × FL378
	50
	High yield, Salt tolerant

	2
	BRRI dhan28 × FL478
	167
	High yield, Salt tolerant

	3
	BRRI dhan28 × IR4630
	47
	High yield, Salt tolerant

	4
	BRRI dhan29 × FL378
	10
	High yield, Salt tolerant

	5
	BRRI dhan29 × FL478
	81
	High yield, Salt tolerant

	6
	BRRI dhan29 × IR4630
	253
	High yield, Salt tolerant

	7
	MR219 × IR4630
	50
	High yield, Salt tolerant

	8
	PNR166 × IR4630
	12
	High yield, Salt tolerant

	9
	PNR166 × FL378
	24
	High yield, Salt tolerant

	Total number of F1 seeds
	694
	



DNA extraction and PCR activity were done for primers survey. Out of nine crosses the primer survey was done only two crosses i.e BRRI dhan28 x IR4630 and BRRI dhan29 x IR4630 generation. A total of 48 SSR primers were surveyed and 11 primers (RM9, RM231, RM5639, RM6659, RM5749, RM334, RM5806, RM206, RM443, RM6659 and RM5806) were showed polymorphism (Fig 11 and 12). This polymorphic primer will be used for F1 confirmation.  
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Legend: P1=Parent 1; P2=Parent 2
Development of bacterial blight (BB) resistance rice varieties through gene pyramiding 
In Boro season’ 2015-16 six varieties viz. Binadhan-17, Binadhan-14, BRRI dhan28, BRRI dhan29 (Recipients) and IRBB60 and IRBB65 (Donor) were grown in the research field. Both of the parent’s i.e., recipients and donor plants were grown in three sets with an interval of ten days for synchronize the flowering. Thirty five days old single seedlings were transplanted in a 3.0m × 2m row plot with 20cm × 20cm spacing. Fertilizers application, weeding and other intercultural operation were done as per BINA recommended rice production practices. Usual method of emasculation and pollination were done. At maturity, F1 seeds were collected, dried and stored in paper bags with proper labeling.
During the reporting period seven crosses were made with selected verities/lines and a total of 595 F1 seeds were obtained (Table 6). These seeds will be used for future backcrossing program for development of high yield and bacterial blight (BB) resistant lines. 
Table  6. List of crosses made during Boro 2015-16
	Sl. No.
	Crosses
	No. of seeds  harvested
	Objectives

	1
	BRRI dhan28 × IRBB60
	30
	High yield, BB resistant

	2
	BRRI dhan29 × IRBB60
	26
	High yield, BB resistant

	3
	BRRI dhan29 × IRBB65
	128
	High yield, BB resistant

	4
	Binadhan-17 × IRBB60
	300
	High yield, BB resistant

	5
	Binadhan-17 × IRBB65
	86
	High yield, BB resistant

	6
	Binadhan-14 × IRBB60
	19
	High yield, BB resistant

	7
	Binadhan-14 × IRBB65
	6
	High yield, BB resistant

	Total number of F1 seeds
	595
	



DNA extraction and PCR activity were done for primer survey. A total of 48 primers were surveyed and only 10 primers (RM300, RM231, RM3864, RM169, RM217, RM11, RM407, RM5806, RM206 and RM224) showed polymorphism (Fig 13 and 14). This polymorphic primer will be used for F1 confirmation.
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Identification and utilization of high yield QTLs from backcross population                              between Oryza rufipogon and Oryza sativa

Wild species of crop plants are increasingly being used to improve various agronomic traits including yield in cultivars. Advanced backcross QTL analysis has been used to identify naturally occurring favorable QTL alleles for yield.  In this research, Binadhan-16 and Binadhan-7 used as recurrent parents. Two advanced backcross populations BC2F2 will be developed through cross between Binadhan-16*3/O.rufipogon and Binadhan-7*3/O.rufipogon. Two accessions of O. rufipogon ( 103403 and 10589) have been used for donor parent. 
Population development
A single plant of O. rufipogon served as a male parent in crosses using Binadhan-16 and   Binadhan-7 individuals. Cross were developed only one combination i. e Binadhan-16 and O. rufipogon (103403) and about 35 F1 seeds were harvested in T. aman’ 2015. After that at this time some polymorphic primers were surveyed and about 6 polymorphic primers were found (RM180, RM205, RM296, RM342, RM9 and RM206) (Fig 15). In Boro’ 2015-16 Only 20 F1 seed were germinated and transplanted on the pot. Then 21 days old seedling leaves were collected and DNA extraction (Mini preparation) has been done. After PCR and about 6 F1 plants were confirmed through polymorphic primers and the selected plants were used backcrossing for BC1F1 population development. After maturing about 145 BC1F1 seeds were harvested. In T. Aman 2016 second round of backcrossing will be carried out with Binadhan16 and seeds of BC1F1 and subsequently best plants will be selected and harvested individually based on phenotype to generate BC2F2 seeds.
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Growing of M1  generation of rice  genotypes   in Boro season
With a view to develop cold tolerant mutant line, one inbreed BRRI dhan36 and four homogenous lines like BPR1, BPR2 BPR3  and BPR4  were irradiated with 200, 250,300 and 350 Gy doses of gamma rays using 60Co source. Two hundred seeds were used for each dose. After receiving the irradiated seed placed on petri-dishes separately in dose and variety wise (Table 7). The sprouted seeds were then sown in earthen pot. Finally, single seedlings were transplanted at 20cm distances within rows of 20cm apart in the field separately in dose and variety wise. Germination count was recorded when the plants fully sprouted on the petri-dishes (Table7). Finally, seeds were harvested and kept separately in dose and variety wise to grow M2 generation in  next Boro season.

Table 7. Effect of different doses of gamma rays on germination and plant survival of these rice cultivars

	Variety
	Dose
(Gy)
	Seed irradiated
(no.)
	Seed
germinated
(no.)
	Germination
(%)
	Plants survived
to maturity
(no.)
	Survival
(%)

	BRRI dhan36
	Cont.
	300
	270
	90.00
	200
	66.66

	
	200
	300
	240
	80.00
	150
	50.00

	
	250
	300
	200
	67.00
	130
	43.33

	
	300
	300
	190
	64.00
	60
	20.00

	
	350
	300
	150
	50.00
	40
	13.33

	BPR1
	Cont.
	300
	260
	87.00
	80
	26.66

	
	200
	300
	150
	50.00
	40
	13.33

	
	250
	300
	130
	44.00
	35
	11.66

	
	300
	300
	120
	40.00
	30
	    10.00

	
	350
	300
	00.00
	00.00
	         00
	00.00

	BPR2
	Cont.
	300
	250
	84.00
	130
	43.33

	
	200
	300
	200
	67.0
	100
	33.33

	
	250
	300
	160
	54.0
	60
	20.00

	
	300
	300
	120
	40.00
	50
	16.66

	
	350
	300
	00.00
	00.00
	30
	10.00

	BPR3
	Cont.
	300
	270
	90.00
	140
	46.66

	
	200
	300
	150
	50.0
	        30
	10.00

	
	250
	300
	120
	40.00
	20
	6.67

	
	300
	300
	00.00
	00.00
	15
	5.00

	
	350
	300
	00.00
	00.00
	00.00
	00.00

	BPR4
	Cont.
	300
	260
	87.00
	130
	43.33

	
	200
	300
	140
	47.00
	50
	16.66

	
	250
	300
	120
	40.00
	10
	3.33

	
	300
	300
	00.00
	00.00
	00
	00.00

	
	350
	300
	00.00
	00.00
	00
	00.00




Introgression of cold tolerant genes into HYV rice varieties
The crossing was done during Boro 2015-2016 season. The materials are mentioned in the following section (Table 8). The seeds of eleven selected parents were sown separately during Boro 2015-2016 in a staggered way so as to get synchronization of the flowering with diverse durations (3 times after 7 days interval) and to facilitate easy hybridization to get F1 hybrids. The seeds of parents were raised in well-prepared wet seed beds. Forty days old seedlings were transplanted with a spacing of 20cm×20cm. The recommended agronomic practices and intercultural operations were taken when necessary. After the completion of tillering stage 15 healthy plants from each parental line were selected, transplanted in top and transferred to net house to facilitate easy hybridization. The parents were crossed by hand emasculation and hand pollination according to the combinations required. Emasculation of panicles of selected female plants which were to be open on the next day was done after 4.30 pm and emasculated panicles were covered with glycine bags and tagged. At the time of anthesis pollen from the male parents were collected and dusted on the emasculated panicles of female plants and after pollination the panicles were again covered and tagged. Matured seeds were collected from each cross from the tagged panicles, sun dried and stored separately in paper bags with proper labeling. 

Table 8. Grouping of 10 cross combinations

	Sl. No.
	Cross Combinations
	Number of  F1 seeds

	1
	BRRI dhan28×BRRI dhan36
	120

	2
	BRRI dhan29×BRRI dhan36
	100

	3
	Iratom-24×BRRI dhan36
	70

	4
	Binadhan-17×BRRI dhan36
	80

	5
	Binadhan-18×BRRI dhan36
	100

	6
	Binadhan-5×BRRI dhan36
	100

	7
	Binadhan-6×BRRI dhan36
	80

	8
	BPR3×BRRI dhan36
	100

	9
	BPR4×BRRI dhan36
	90

	10
	Binadhan-8×BRRI dhan36
	10



DNA fingerprinting of varieties/mutants using cold tolerant primers
Genomic DNA extraction
 DNA was extracted from the leaves of each genotype using the Cetyl Trimethyl Ammonium Bromide (CTAB) mini-prep method at Biotechnology Lab, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh. The quality of the isolated DNA in the protocol was sufficient for PCR analysis. Isolated genomic DNA contains a large amount of RNA and pigments which cause over estimation of DNA concentration during spectrophotometer reading. Therefore, the DNA samples were evaluated both quantitatively and qualitatively using spectrophotometer and agarose gel electrophoresis, respectively.
Primers survey 
Polymorphism survey of BRRI dhan36 germplasms was carried out using fifty five microsatellite markers. Cold tolerant rice was analyzed using a highly repeatable PCR based fingerprinting assay known as Simple Sequence Repeat (SSRs) or microsatellites markers. The microsatellite DNA markers produce a higher level of DNA polymorphism in rice. The microsatellite enriched libraries were constructed using the standard procedure with some modifications. The quality of extracted genomic DNA was also checked by Polyacrylamide gel electrophoresis (PAGE). Furthermore, to check the suitability of the extracted DNA, DNA was amplified with SSRs markers such as RM556, RM562, RM594, RM7075, RM1287, RM3843, RM5806, RM27877, RM28102, RM28502, RM180, RM206, RM209, RM217, RM219, RM228, RM231, RM234, RM241, RM247, RM24330, RM25022, RM25181, RM25519, RM26063, RM26416, RM26652, RM27694, RM208, RM211, RM35, RM51, RM80, RM127, RM134, RM138, RM140, RM149, RM164, RM169, RM249, RM276, RM296, RM300, RM314, RM336, RM337, RM400, RM407, RM443, RM493, RM494, RM508, RM515, RM520 (Fig 16). Out of fifty five SSR primers, twenty six primers were selected to evaluate the cold tolerant genotypes for clear polymorphism and these primers were used for tagging the genes controlling cold traits.Amplified microsatellite loci were analyzed for polymorphism using polyacrylamide gel electrophoresis (PAGE) and the result revealed that all the primers detected clear band show such as this primers RM556,RM562,RM594,RM7075, RM1287, RM3843, RM219, RM228, RM231, RM241, RM247, RM25022, RM25181, RM26652, RM27694, RM134, RM138, RM140, RM249, RM276, RM296, RM300, RM314, RM336, RM337, RM400 (Fig 16). 
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Screening of cold tolerance lines using SSR Markers
Six markers (RM556, RM562, RM594, RM7075, RM1287 and RM3843) were used to evaluate BPR1 and BPR2 lines with donor parent BRRI dhan36 by amplification of the DNA sequence to cold tolerance. The bands obtained BPR1 and BPR2 lines were compared to the band obtained from cold tolerance BRRI dhan36. The BPR1 and BPR2 lines having similar banding pattern to BRRI dhan36 were considered as cold tolerant (Fig 17). These markers showed polymorphism when parental surveys were conducted by those workers. So, cold tolerant QTL has been introduced to this two lines. The selected cold tolerant rice lines would be further tested in cold areas to observed yield potentiality for developing high yielding cold tolerant varieties. The N10/350/P-5-4 mutant was developed from NERICA-10 variety through gamma irradiation at Bangladesh Institute of Nuclear Agriculture (BINA) which is provided by plant breeding division, BINA. For genetic analysis of mutant, F1 populations were developed from the two crosses between NERICA-10 (background parent) and Japonica variety, Hwachungbyeo. All F1 plants were grown in pot condition and then harvested F2 seeds were stored separately for further use for the identification of molecular markers linked to the semi-dwarf mutant gene in rice. 
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Genetic analysis and identification of a regulatory gene for semi-dwarf rice Plant materials
DNA extraction

Rice genomic DNA was extracted from fresh leaves of rice parental lines and F1 plants at fifteen days after transplanting using the CTAB method (Causse et al. 1994). Then the parental lines were used for parental survey to find the polymorphic markers. Therefore, the DNA samples were evaluated qualitatively using agarose gel electrophoresis. SSR markers are valuable source for tagging and mapping of mutant genes. So it is widely used as effective genetic markers in breeding and population genetics as they are highly polymorphic, co-dominant and reproducible. Markers were evaluated based on intensity of polymorphicbands between the parental lines. Initially, a total of 96 SSR markers distributed in 12 chromosomes were screened to find polymorphism between the mutant N10/350/P-5-4 and Hwachungbyeo for semi-dwarf mutant gene in rice. PCR analysis was performed according to Akter et al. (2014). The amplified PCR products were separated in a non-denaturing 6 % polyacrylamide gel in 1X TBE running buffer. After staining, the gel was observed using  ultraviolet light box (UV-trans-illuminator). About 40makers were found polymorphic between N10/350/P-5-4 and Hwachungbyeo (Fig. 18 ). The polymorphic SSR markers will be used for bulked segregant analysis (BSA) to find the linked markers for further gene mapping of semi-dwarf traits in rice. 
	[image: ]
Fig.18 Banding profiles of different SSR primers for parental survey

Growing of M1/M2 populations of millet
Millet (Pennisetum glaucum L.) is one of the most drought resistant grains in commercial production. It is able to grow in areas that experience frequent periods of dry weather during either the vegetative or reproductive phases. Millet appears to be more tolerant of sandy and acidic soils than other summer grain crops. It is deep-rooted and can use residual nitrogen, phosphorus and potassium and, therefore, may not need the levels of fertility required by other summer grains. These characteristics enhance pearl millet's desirability in lower input, dryland production systems. Severe drought reduces yields of pearl millet, but the plant is capable of withstanding periods of drought that would cause greater yield reductions or crop failure in other summer grain crops. It is well suited for double cropping behind small grains and vegetables. The grain can be used in poultry and cattle without adversely affecting feed efficiency or weight gain. Total metabolizable energy of millet is similar to corn. Crude protein levels in pearl millet range from 12 to 14 percent. Therefore, yield improvement of this minor cereal would have the great impact on the marginal farmers of drought/salinity prone areas of Bangladesh. Therefore, last year a mutation breeding programme has undertaken in order to create genetic variability and to select better plant type in subsequent generations, seeds of millet varieties BARI Kaon-1 and BARI Kaon-2 were irradiated with 150, 200 and 250 Gy of gamma rays. M2 seeds were harvested and grown and about 100 lines were selected to grow as M3 population in next season. 

Growing of M1/M2 populations of cowpea

Cowpea (Vigna unguiculata L.) is one of the oldest cultivated crops, mostly cultivated in Africa, Latin America, Australia, India, Thailand and Malaysia. Cowpea although a minor pulse in Bangladesh, is one of the most important sources of protein in the diet of tropical Africa. It is highly nutritious crop with dry seed protein content of 25% and protein digestibility higher than that of the other legumes. This pulse crop has not received attention that it deserves in Bangladesh. The potential of expanding the production of cowpea in Bangladesh is quite high. More importantly, it can be used as vegetables as well as pulse and it does remain as fodder crop in animals. Cowpea is generally low yielder, susceptible to various diseases, indeterminate habit, highly photosensitive, late maturing with spreading and viny growth habit. Therefore, a mutation breeding programme has undertaken mainly focus on to overcome those problems. For this purpose, seeds of one cowpea variety BARI Felon-1 and four indigenous cowpea land races collected from Chittagong hill tracts areas were irradiated with 150, 200 and 250Gy of gamma rays and M2 seeds were harvested and grown and about 100 lines were selected to grow as M2 / M3 population in the next season.

Growing of M1 generation of some wheat, barley, kaon and cheena genotypes. 
In Rabi season, 2015 three popular wheat variety viz. BARI Gom26, BARI Gom27 and BARI Gom28 were irradiated 4 doses Gray (100gy, 200gy 300gy and 350gy). In the same time one barley (BARI barley-1) and one Cheena (BARI cheena-1) also irradiated the same dose Gray. Before irradiated the tested seed preliminary germination test has been done. After radiation seed were sowing at Biotechnology research field, BINA head quarter, Mymensingh. Fertilizers application, weeding and other intercultural operation were done as per BINA recommended wheat production practices. At maturity stage all tested genotypes abounded amount M1 seeds were harvested, than dried and stored in paper bags with proper labeling for future M2 seeds production.




	CROP PHYSIOLOGY DIVISION
Research Highlights
Five rice genotypes were evaluated under three soil moisture regimes (control, 60% and 40% FC) on photosynthesis, grain growth and yield attributes.  Two mutants, N4/250/P-2(6)-26 and N10/350/P-5-4 showed more tolerance to water stress. Twelve rice varieties were grown in plant growth chamber under different temperature levels (20, 25, 30, 35 and 40oC) to study germination, root and shoot length. The tested rice varieties showed the highest germination percentage at 25-35oC and the lowest at 20oC. Binadhan-7 and Binasail had higher germination percentage with better root and shoot length. Three soybean genotypes (Binasoybean-4, SBM-18 and Binasoybean-3) were evaluated under three levels of salinity (control, 3 and 6 dSm-1) on photosynthesis, dry matter production and yield attributes. Binasoybean-4 and SBM-18 performed better than Binasoybean-3 under salinity stress. Four genotypes of rice were studied to assess their performance on photosynthesis, morphological and yield attributes under different salinity levels (control, 6, 9 and 12 dS m-1). Binadhan-10 and Binadhan-8 showed more tolerance to salinity than B-10 and B-11. Five sesame genotypes were evaluated under three water logging conditions (24, 48 and 72 hours). Two sesame genotypes (SM-58 and Binatil-2) showed better performance under water stress.
Twelve tomato genotypes were compared based on morphological parameters and yield. Four mutants (TM5-4, TM5-5, TM5-6 and TM5-8) were found promising. Six mungbean genotypes were grown at two locations and the mutant MB-17 was found promising in seed yield. Six Aman rice genotypes were evaluated at four locations based on growth and yield performance. Among them, Binadhan-17 and the mutant N4/350/P-2(6)-26 showed better growth and yield performance. Three soybean genotypes were tested on morpho-physiological parameters and yield. Binasoybean-3 showed better performance in growth and yield.  
Six and four rice genotypes were studied in Boro and Aman season, respectively to assess the control mechanism involve in assimilate partitioning competition among different classes of tillers in rice. Separately five rice genotypes were studied both in Aman and Boro season to assess grain sterility in relation to dry mass production and distribution. Results revealed that early maximum tiller production in rice is good for getting desirable grain yield with less grain sterility and higher harvest index. In another experiment, four rice varieties with similar crop duration were evaluated on morpho-physiologial characters. Results revealed that plants with higher chlorophyll content, photosynthetic rate, number of vascular bundles, flag leaf length had shown better performance, thus producing increased number of secondary rachis branches resulted in increased number of grain in the panicle that ultimately improved the yield. Binadhan-17 showed superiority in several morpho-physiological characters (increase number of vascular bundle and photosynthesis) and gave higher grain yield.





Drought tolerance studies in NERICA rice mutants
A pot experiment was conducted at the pot yard of Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh, during March to July 2016 to observe the effect of drought on Aus rice genotypes and to find out drought tolerant rice genotype. Five genotypes of rice namely N10/350/P-5-4, N4/250/P-1(2), N4/250/P-2(6)-26, N4/250/P-4(5) and Binadhan-17 were included in the study. Each pot contained 8.5 kg of soil collected from BINA farm. Seeds were sown in seedbed on 20 March 2016 and the seedlings were transplanted in the pots on 15 April 2016. Different drought levels (100, 60 and 40% FC) imposed at 25 days after transplanting and continued up to maturity. The experiment was laid out in a Completely Randomized Design (CRD) with three replications. Data on photosynthetic rate at booting and flowering stage were measured by Portable Photosynthesis System (Li-6400XT). Ten grains of selected panicles of the rice genotypes under control and drought treatments were harvested from fertilization to maturity at 3 days interval and their dry weights were recorded. At maturity, yield and yield components were also recorded. Data were analyzed statistically.

Plant height, number of total and effective tillers plant-1, panicle length, number of grains panicle-1, and grain yield plant-1 decreased with the increasing water stress levels as compared to the control (Table 1). Thousands grain weight decreased significantly only at 60% FC. Only one mutant, N4/250/P-1(2) showed lower grain yield than the others. The lowest grain yield reduction (19.57%) under water stress was recorded in N4/250/P-4(5) while the highest grain yields reduction (53.86%) in Binadhan-17 (Table 2). Photosynthetic rate both at booting and flowering stages significantly decreased only at 40% FC compared to control (Table 1). Grain growth decreased under drought (Table 3). The genotype N4/250/P-4(5) showed the highest grain dry matter accumulation during grain growth. Grain dry matter accumulation of all the rice genotypes increased significantly from fertilization to 24 days under the treatments. Soil moisture of 100% FC was found suitable for better growth and yield of Aus rice genotypes compared to 60 and 40% FC. Two NERICA mutants [(N4/250/P-2(6)-26 and N4/250/P-4(5)] showed better performance under water stress.




Table 1. Effect of water stress on photosynthesis, morphological, yield attributes and yield of Aus rice mutants/variety
	Treatment 
	Photosynthesis  at (μmolCO2m-2s-1)
	Plant height (cm)
	Tillers plant-1 (no)
	Effective tillers  plant-1 (no)
	Grains panicle-1  (no)
	Panicle length (cm)
	1000 grain weight. (g)
	Grain yield plant-1 (g)

	
	Booting stage
	Flowering stage
	
	
	
	
	
	
	

	Moisture levels
	
	
	
	
	
	
	
	
	

	Control (T0)
	35.94a
	37.01a
	79.1a
	15.27a
	13.87a
	136.5a
	24.16a
	22.89a
	13.52a

	60% FC (T1)
	33.87ab
	37.99a
	76.6b
	12.77b
	10.07b
	92.67b
	22.87b
	22.57a
	11.18b

	40% FC (T2)
	32.46b
	32.99b
	75.5b
	12.67b
	8.933c
	64.33c
	21.07c
	21.99b
	8.071c

	Genotype 	

	N10/350/P-5-4
	33.21 ab
	35.00abc
	70.0d
	13.11ab
	10.89b
	105.0a
	23.76ab
	22.89b
	10.89a

	N4/250/P-1(2) 
	31.83 c
	34.58 c
	79.5ab
	13.56ab
	10.67b
	89.89c
	23.09b
	21.52c
	9.216b

	N4/250/P-2(6)-26)
	32.38 bc
	36.63 a
	76.9c
	14.22a
	12.33a
	102.5a
	20.73c
	21.71c
	11.55a

	N4/250/P-4(5)
	34.09 a
	37.09 a
	78.4bc
	12.22b
	10.11b
	98.6ab
	21.73c
	24.71a
	11.46a

	Binadhan-17
	34.28 a
	36.69 ab
	80.5a
	13.56ab
	10.78b
	93.0bc
	24.19a
	21.57c
	11.51a

	Interaction 

	T0 V1
	33.30b-e
	33.90c-g
	71.0e
	14.67ab
	14.00ab
	136.6ab
	24.97a
	23.33b
	13.10b

	T0 V2
	32.63cde
	36.13b-f
	80.3b
	15.33ab
	13.00bc
	139.0a
	25.10a
	22.22cde
	11.36bcd

	T0 V3
	35.77abc
	36.80bcd
	76.3d
	16.67a
	15.33a
	146.6a
	22.40cd
	22.10cde
	15.15a

	T0 V4
	38.13ab
	36.63b-e
	80.0b
	14.33abc
	13.00bc
	123.6b
	23.03bcd
	24.67a
	12.47bc

	T0 V5
	39.87a
	41.60a
	88.0a
	15.33ab
	14.00ab
	136.3ab
	25.30a
	22.10de
	15.54a

	T1 V1
	31.40cde
	39.20ab
	69.6e
	11.33bc
	9.333de
	107.3c
	23.83abc
	22.97bc
	12.00bcd

	T1 V2
	33.80b-e
	35.57b-g
	79.6bc
	12.67abc
	10.33d
	86.00de
	23.87abc
	21.83def
	9.250efg

	T1 V3
	29.57e
	39.40ab
	77.6bcd
	12.67abc
	12.00c
	90.00de
	20.83e
	21.60def
	10.96cde

	T1 V4
	30.83cde
	38.50abc
	78.6bcd
	11.67bc
	9.667d
	97.67cd
	21.57de
	24.93a
	11.89bcd

	T1 V5
	29.77de
	37.27a-d
	77.3bcd
	12.00bc
	9.000de
	82.33ef
	24.23ad
	21.50def
	11.83bcd

	T2 V1
	34.93a-d
	31.90fg
	69.3e
	13.33abc
	9.333de
	71.00gh
	22.47cd
	22.37cd
	7.573gh

	T2V2
	29.07e
	32.03efg
	78.6bcd
	12.67abc
	8.667de
	44.67i
	20.30ef
	20.50g
	7.037h

	T2 V3
	31.80cde
	33.70defg
	76.6cd
	13.33abc
	9.667d
	71.00gh
	18.97f
	21.43ef
	8.547fgh

	T2 V4
	33.30b-e
	36.13b-f
	76.6cd
	10.67c
	7.667e
	74.67fg
	20.60e
	24.53a
	10.03def

	T2 V5
	33.20b-e
	31.20g
	76.3d
	13.33abc
	9.333de
	60.33h
	23.03bcd
	21.10fg
	7.170h


In a column within treatment, values having common letter(s) do not differ significantly at 5% level as per DMRT; V1= N10/350/P-5-4,  V2 =N4/250/P-1(2),  V3 =N4/250/P-2(6)-26), V=4 N4/250/P-4(5), V5 =Binadhan-17
Table 2. Grain yield reduction % of rice genotypes under different soil moisture stress conditions

	       Treatment

Genotype
	Control
	60% FC
	Yield reduction % over control
	40% FC
	Yield reduction % over control

	N10/350/P-5-4 
	13.10
	12.00
	9.16
	7.57
	42.21

	N4/250/P-1(2) 
	11.36
	9.25
	18.57
	7.04
	38.12

	N4/250/P-2(6)-26
	15.15
			10.96
	27.66
	8.55
	43.63

	N4/250/P-4(5)
	12.47
	11.89
	4.65
	10.0
	19.57

	Binadhan-17
	15.54
	11.83
	23.87
	7.17
	53.86



Table 3. Effect of water stress on grain weight grain-1 of Aus rice genotypes
	Treatment 
	Grain weight grain-1 (mg)

	Moisture
	

	Control 
	14.0a

	40% FC
	12.0b

	Genotypes 

	N10/350/P-5-4 (V1)
	14.77b

	N4/250/P-1(2) (V2)
	12.62c

	N4/250/P-2(6)-26 (V3)
	11.88d

	N4/250/P-4(5) (V4)
	16.07a

	Binadhan-17 (V5)
	9.67e

	Days after fertilization

	0
	3.25h

	4
	4.39g

	8
	6.69f

	12
	12.79e

	16
	14.86d

	20
	18.84c

	24
	21.79a

	28
	21.39b


Values having common letters or without letters in a column of specific treatment do not differ significantly at 5% level as per DMRT.
Effect of different temperature levels on germination, root and shoot development of high yielding Boro rice varieties
An experiment was conducted with 12 rice varieties viz. Binasail, Iratom-24, Binadhan-4, Binadhan-5, Binadhan-6, Binadhan-7, Binadhan-8, Binadhan-9, Binadhan-10, Binadhan-11, Binadhan-14 and Binadhan-17 in plant growth chamber at Bangladesh Institute of Nuclear Agriculture (BINA) during July to December, 2015 to assess the effect of different temperature levels on germination, root and shoot length and to find out suitable temperature level for proper germination and root-shoot development. Five temperature treatments viz. 20, 25, 30, 35 and 40oC were imposed for 7 days in plant growth chamber. The experiment was laid out in a completely randomized design with three replications. Three hundred seeds of each rice variety for each temperature treatment were soaked in tissue paper in petridishes. Then those varieties were exposed to each temperature treatment in plant growth chamber. Data on germination, root and shoot length were recorded. Data were analyzed statistically and means were compared by DMRT.  
Result indicated that germination percentage and root length increased with increasing temperature until 350 C followed by a decline whereas shoot length increased with increasing temperature until 400 C (Table 4). Rice varieties showed better germination% at 25-35oC, medium at 40oC and the lowest at 20oC. The lowest germination percentage, root and shoot length was recorded at 20oC. The higher germination percentage was recorded in Binasail, Binadhan-6 and Binadhan-7 with better root length. 
Table 4. Effect of different levels of temperature on germination, root and shoot length of high  yielding rice varieties
	Treatment
	Germination (%)
	Root length (cm)
	Shoot length (cm)

	Temperature 0C
	
	
	

	20
	76.58c
	0.89 d
	0.45 d

	25
	95.78a
	2.24 c
	1.30 c

	30
	96.06a
	4.40 b
	3.45 b

	35
	97.03a
	5.87 a
	4.38 a

	40
	92.19b
	4.37 b
	4.42 a

	         Varieties
	
	
	

	Binadhan-8
	95.73a
	3.57cde
	3.16ab

	Binadhan-10
	97.53a
	3.46cdef
	3.06b

	Binadhan-11
	89.40b
	3.19ef
	2.71c

	Binadhan-17
	95.60a
	3.40cdef
	2.69c

	Binadhan-7
	95.93a
	3.78abcd
	3.12ab

	Binadhan-6
	96.33a
	4.12ab
	2.64c

	Binadhan-9
	86.07c
	3.72bcd
	3.39a

	Binadhan-14
	96.00a
	3.01f
	2.72c

	Binadhan-5
	82.07d
	3.01f
	2.19d

	Binasail
	96.87a
	4.27a
	3.11ab

	Binadhan-4
	76.87e
	3.84abc
	2.72c

	Iratom-24
	89.93b
	3.28def
	2.33d


Values within a treatment, having common letter(s) in a column do not differ significantly at 5% level as per DMRT.
Photosynthesis, dry matter production and yield of soybean genotypes under different salinity levels
The experiment was conducted at the pot yard of Bangladesh Institute of Nuclear Agriculture, Mymensingh during 10 January to 23 April 2016 with a view to observe the effect of salinity stress on growth and yield of soybean genotypes and to identify salt tolerant genotype. Three soybean genotypes namely Binasoybean-4, SBM-18 and Binasoybean-3 were grown in pot under three levels of salinity such as control (no salt was added), 3 dSm-1 and 6 dSm-1. Urea, TSP, MP and gypsum were applied @ 50, 150, 100 and 80 kg ha-1. The experiment was laid out in a completely randomized design with three replicates. Soybean seeds were sown in pots containing 10 kg of soils on 10 January, 2016. Several seeds were sown in each pot and one plant was kept in each pot at 14 days after sowing and extra plants were uprooted.  Three levels of salinity treatments were imposed at pre-flowering stage by adding different amounts of sodium chloride salt solution to pot soils. The required amount of salt was applied to develop three salinity levels viz. control (no salt was added), 3 dSm-1 and 6 dSm-1. Salinity was measured by Electrical conductivity meter. Data on photosynthesis, leaf conductance, transpiration, SPAD reading (chlorophyll) and nitrate reductase activity in leaves were recorded at flowering stage. Photosynthesis, leaf conductance and transpiration were measured by Portable Photosynthesis System. The NR activity was measured following the method of Stewart and Orebamjo (1979). Plant height, branch and leaf number was recorded at 90 DAS. Plant sampling was taken two times both at pod formation and maturity stage. At harvest, yield attributes and yield were recorded. The collected data were analyzed statistically. 
All the morphological characters such as plant height, number of branches plant-1, number of leaves plant-1, total dry matter plant -1; yield contributing characters such as number of pods plant-1, number of seeds pod-1, 100-seed weight and seed yield plant-1 reduced gradually with increasing level of salinity as compared to control (Tables 5, 6, 9 and 10). Similar results were also observed in case of photosynthesis, leaf conductance and transpiration (Tables 7 and 8). The taller plant was recorded in Binasoybean-3. Binasoybean-3 and Binasoybean-4 produced higher TDM plant-1 than the mutant, SMB-18 where as reverse trend was observed in case of leaves plant-1. The apparently higher number of branch was found in Binasoybean-4 than the other two genotypes under salinity (Table 5). The decrement of TDM under salinity levels was the highest in SMB-18 (Table 6). The lowest chlorophyll decrement under salinity was recorded in SMB-18 (Table 8). Binasoybean-4 and SBM-18 performed better than Binasoybean-3 under salt stress.
Table 5. Variation in morphological and physiological parameters of soybean genotypes under  
               different salinity levels at 90 DAS

	
Treatment
	Morphological parameters
	Physiological parameters

	
	Plant height (cm)
	Branches plant-1 (no.)
	Leaves
plant-1 (no.)
	Root weight plant-1 (g)
	Stem weight plant-1 (g)
	Leaf weight plant-1 (g)
	Total dry mass plant-1 (g)

	Salinity levels
	
	
	
	
	
	
	

	Control 
	77.33 a
	7.66 a
	79.55 a
	3.08 ns
	37.52 a
	23.56 a
	64.16 a

	3 dS m-1 
	68.88 b
	6.11 b
	70.55 b
	3.04
	34.76 a
	19.48 ab
	57.28 b

	6 dS m-1 
	59.00 c
	6.00 b
	54.77 c
	2.78
	27.74 b
	19.14 b
	49.68 c

	Genotypes 
	
	
	
	
	
	
	

	Binasoybean-4
	62.33 b
	6.88 ns
	63.55 b
	2.95 ns
	35.74 a
	20.98 ns
	59.68 a

	SBM-18
	61.11 b
	6.44
	76.66 a
	2.83
	30.34 b
	19.02
	52.20 b

	Binasoybean-3
	81.77 a
	6.44
	64.66 b
	3.12
	33.93 ab
	22.18
	59.24 a


In a column, with in treatment, common letter(s) do not differ significantly at 5% level as per DMRT.
Table 6. Interaction of genotypes and salinity level on total dry matter and its distribution at 90 DAS
	Genotypes × Salinity
	Root weight plant-1 (g)
	Stem weight plant-1 (g)
	Leaf weight plant-1 (g)
	Total dry mass
plant-1 (g)

	Binasoybean-4
	Control
	3.07
	39.51 a
	22.69 ab
	65.28 a

	
	3 dSm-1
	3.34
	33.87 ab
	21.32 ab
	56.54 abc

	
	6 dSm-1
	2.44
	33.84 ab
	18.94 ab
	55.22bc

	SBM-18
	Control
	2.93
	38.30 a
	21.78 ab
	63.02 abc

	
	3 dSm-1
	2.82
	31.74 ab
	19.49ab
	54.06 c

	
	6 dSm-1
	2.74
	20.99 c
	15.80 b
	39.53 d

	Binasoybean-3
	Control
	3.23
	34.75 ab
	26.21 a
	64.19 ab

	
	3 dSm-1
	2.96
	38.66 a
	17.64 b
	59.26 abc

	
	6 dSm-1
	3.18
	28.40 bc
	22.69 ab
	54.28 c


Common letter(s) in a column do not differ significantly at 5% level as per DMRT.

Table 7. Photosynthesis, leaf conductance, transpiration rate, chlorophyll and nitrate reductase activity of soybean genotypes under salinity levels
	Treatment
	Photosynthesis (µmol CO2m-1 s-1)
	Leaf conductance (m mol H2O
m-2 s-1)
	Transpiration (m mol H2O
m-2 s-1)
	SPAD reading (Chlorophyll)
	Nitrate reductase activity (NO2- g-1fw h-1)

	Salinity levels
	
	
	
	
	

	Control 
	38.96 a
	0.23 a
	4.40 a
	36.29 a
	1.53 a

	3 dSm-1
	36.78 b
	0.16 a
	3.30 b
	35.11 b
	1.36 ab

	6 dSm-1
	34.54 c
	0.20 a
	2.44 c
	33.10 c
	1.16 b

	Genotypes 
	
	
	
	
	

	Binasoybean-4
	35.97 b
	0.17 a
	3.36 a
	34.86 b
	1.52 a

	SBM-18
	40.28 a
	0.17 a
	3.29 a
	35.86 a
	1.55 a

	Binasoybean-3
	34.01 c
	0.26 a
	3.48 a
	33.79 c
	0.98 b


Common letter(s) in a column within treatment indicate do not differ significantly at 5% level as per DMRT.
Table 8. Interaction of genotypes and salinity on photosynthesis, leaf conductance, transpiration  rate, chlorophyll and nitrate reductase activity
	
Genotypes × Salinity
	Photosynthesis (µmol CO2m-1s-1)
	Leaf conductance (m mol H2O m-2s-1)
	Transpiration (m mol H2O m-2s-1)
	SPAD reading (Chlorophyll)
	Nitrate reductase activity (NO2- g-1fw h-1)

	Binasoybean-4
	Control
	37.23 c
	0.24 
	4.40 a
	35.93 bc
	1.68 a

	
	3 dSm-1
	36.23 cd
	0.16
	3.21 b
	35.16 d
	1.46 ab

	
	6 dSm-1
	34.47 d
	0.12
	2.48 c
	33.46 e
	1.43 abc

	SBM-18
	Control
	44.07 a
	0.23
	4.45 a
	36.87 a
	1.71 a

	
	3 dSm-1
	39.73 b
	0.16
	3.19 b
	35.40 bcd
	1.52 ab

	
	6 dSm-1
	37.07 c
	0.11
	2.24 c
	35.30 cd
	1.42 abc

	Binasoybean-3
	Control
	35.57 cd
	0.23
	4.36 a
	36.07 b
	1.21 bc

	
	3 dSm-1
	34.37 d
	0.15
	3.50 b
	34.77 d
	1.08 c

	
	6 dSm-1
	32.10 e
	0.10
	2.60 c
	30.53 f
	0.65 d


Common letter(s) in a column do not differ significantly at 5% level as per DMRT; ns, not significant


Table 9. Yield and yield contributing characters of soybean genotypes under different salinity levels
	Treatment
	Pods plant-1 (no.)
	Seeds pod-1 (no.)
	100-seed weight (g)
	Seed weight plant-1
(g)

	Control (T0)
	    67.56a
	2.47 a
	10.40 a
	17.58 a

	3 dS/m (T1)
	    59.56b
	2.30 b
	10.08 b
	13.85 b

	6 dS/m (T2)
	    56.00c
	2.12 c
	9.42 c
	11.27 c

	Genotypes 
	
	
	
	

	Binasoybean-4
	63.11 b
	2.36 a
	9.93 ab
	15.16 a

	SBM-18
	65.66 a
	2.24 b
	9.85 b
	14.77 a

	Binasoybean-3
	54.33 c
	2.28 b
	10.13 a
	12.77 b


Common letter(s) in a column do not differ significantly at 5% level as per DMRT.

Table 10. Interaction of genotypes and salinity on yield and yield contributing characters

	Genotypes × Salinity
	Pods plant-1 (no.)
	Seeds pod-1 (no.)
	100-seed weight (g)
	Seed weight plant-1
(g)

	Binasoybean-4
	Control
	75.00 a
	2.50 a
	10.47 ab
	19.76 a

	
	3 dSm-1
	59.00 de
	2.40 ab
	10.11 bc
	14.38 c

	
	6 dSm-1
	55.33 e
	2.20 c
	9.22 e
	11.33 ef

	SBM-18
	Control
	70.67 b
	2.53 a
	10.16 bc
	18.37 b

	
	3 dSm-1
	64.67 c
	2.20 c
	9.80 cd
	14.03 cd

	
	6 dSm-1
	61.67 cd
	2.00 d
	9.59 de
	11.91 e

	Binasoybean-3
	Control
	57.00 e
	2.40 ab
	10.59 a
	14.62 c

	
	3 dSm-1
	55.00 e
	2.30 bc
	10.33 ab
	13.15 d

	
	6 dSm-1
	51.oo f
	2.16 c
	9.46 de
	10.55 f


Common letter(s) in a column on specific treatment do not differ significantly at 5% level as per DMRT.
Photosynthesis, yield attributes and yields of Boro rice genotypes under different salinity levels
A pot experiment was conducted at the yard of Bangladesh Institute of Nuclear Agriculture, Mymensingh during 10 December 2015 to 3 May 2016. Four genotypes of rice namely Binadhan-8, Binadhan-10, B-10 and B-11 were included in the study to assess their performance on morphological, yield attributes, photosynthesis and yield under different salinity levels. The two factor experiment was laid out in a Completely Randomized Design (CRD) with three replications. The one factor was salinity and another was genotype. To establish the experiment perforated pots were filled up with 8 kg well mixed soil with cow dung and fertilizer @ 50 N, 25 P and 25 mg/kg of soil. A polythene shade was established above the experiment area to avoid the rain water. Six filled pots were placed in each tray and the tray was filled with water up to the neck of the pot. Salinity treatment viz. control, 6, 9 and 12 dSm-1 were imposed at maximum tillering stage and continued up to maturity.  Data on photosynthesis, SPAD reading (chlorophyll) and nitrate reductase activity in leaves were recorded at booting stage.  Data on plant height, soluble protein in grains, yield contributing characters and grain yield was recorded at maturity stage. Data were analyzed statistically. 
Plant height, number of total tillers plant-1, length of panicle, straw weight plant-1, number of panicles plant-1, number of filled grains plant-1, 1000-grain weight, grain yieldplant-1, photosynthesis, chlorophyll, nitrate reductase activity and soluble protein decreased with increasing salinity levels as compared to the control (Tables 11, 13 and 15). Only unfilled grain plant-1 increased at 9 dSm-1. Higher and statistically similar grain yield were observed in four genotypes, Binadhan-10, Binadhan-8, B-10 and B-11 (Table 13). The genotype Binadhan-10 showed the highest plant height, length of panicle, filled grains plant-1, 1000-grain weight and yield plant-1 and lowest soluble protein. The genotype B-10 showed the highest photosynthesis, number of panicle plant-1 and unfilled grains plant-1. Binadhan-8 showed the highest straw weight plant-1, unfilled grains and soluble protein and lowest plant height, number of panicle plant-1, photosynthesis and chlorophyll. B-11 showed the highest chlorophyll and nitrate reductase activity and lowest length of panicle, filled grains plant-1, 1000-grain weight, yield plant-1, chlorophyll and nitrate reductase activity. Length of panicle, number of panicle plant-1 were not significant among the studied genotypes. Binadhan-10 and Binadhan-8 showed more tolerance to salinity than B-10 and B-11 (Tables 12, 14 and 16).
Table 11. Effect of different salinity levels on plant height (cm), number of total tillers plant-1, length of panicle and straw weight plant-1 of rice genotypes

	Treatment
	Plant height
(cm)
	Total tillers plant-1
	Panicle length
(cm)
	Straw weight plant-1 (g)

	Salinity levels
	
	
	
	

	Control
	90.92 a
	14.92 a
	24.92 a
	21.46 a

	6 dSm-1
	84.42 b
	11.50 b
	23.55 b
	15.77 b

	9 dSm-1
	80.25 c
	10.33 b
	20.38 c
	12.65 b

	12 dSm-1
	67.00 d
	8. 08 c
	19.34 d
	7.79 c

	Genotypes
	
	
	
	

	Binadhan-10
	87.25 a
	10.00 b
	22.36
	14.14

	B-10
	78.25 b
	13.25 a
	22.13
	13.69

	Binadhan-8
	77.33 b
	11.17 b
	22.10
	15.72

	B-11
	79.75 b
	10.42 b
	21.61
	14.12


Values having common letters or without letters in a column of specific treatment do not differ significantly at 5% level as per DMRT
Table 12. Interaction effect of genotype×salinity on plant height (cm), no of total tillers plant-1, length of panicle (cm) and straw weight plant-1

	 Genotypes × salinity
      (Interaction)
	Plant height
(cm)
	Total tillers plant-1
	Panicle length
(cm)
	Straw weight plant-1 (g)

	 Binadhan-10 × Control
	99.33 a
	11.67 cde
	25.40 a
	20.39 ab

	 Binadhan-10 ×  6 dSm-1
	91.67 b
	11.00 cde
	23.30 bc
	16.44 abcd

	Binadhan-10 ×  9 dSm-1
	87.67 bcd
	10.00cde
	21.37 d
	12.71 bcdef

	Binadhan-10 ×  12 dSm-1
	70.33 hi
	7.33 ef
	19.37 ef
	7.02 f

	B-10 × Control
	89.00 bc
	17.67 a
	24.67 ab
	17.89 abc

	B-10 × 6 dSm-1
	86.33 bcde
	12.67 bcd
	25.00 a
	17.55 abcd

	B-10 × 9 dSm-1
	80.00 defg
	12.33 bcd
	20.20 def
	12.87 bcdef

	B-10 × 12 dSm-1
	57.67 j
	10.33 cde
	18.67 f
	6.46 f

	Binadhan-8 × Control
	84.67 bcde
	14.00 abc
	24.40 abc
	23.77 a

	 Binadhan-8 × 6 dSm-1
	78.33 efgh
	10.67 cde
	22.93 c
	15.13 bcde

	Binadhan-8 × 9 dSm-1
	74.00 fghi
	10.67 cde
	20.43 de
	14.06 bcdef

	(Binadhan-8× 12 dSm-1
	72.33 ghi
	9.33 def
	20.64 de
	9.94 def

	 B-11 × Control
	90.67 b
	16.33 ab
	25.23 a
	23.79 a

	B-11 × 6 dSm-1
	81.33 cdef
	11.67 cde
	22.97 c
	13.94 bcdef

	B-11 × 9 dSm-1
	79.33 defg
	8.33 def
	19.53 ef
	10.99 cdef

	 B-11 × 12 dSm-1
	67.67 i
	5.33 f
	18.70 f
	7.75 ef


Values having common letters or without letters in a column of specific treatment do not differ significantly at 5% level as per DMRT




Table 13. Effect of different levels of salinity on number of panicle plant-1, filled grains plant-1, unfilled grains plant-1, 1000-grain weight and grain yield plant-1 of rice genotypes
	
Treatment
	Panicles
plant-1 (no.)
	Filled grains
plant-1 (no.)
	Unfilled grains plant-1 (no.)
	1000-grain weight (g)
(g)
	Grain yield plant-1
(g)

	Salinity levels
	
	
	
	
	

	Control
	12.8 a
	477 a
	114 b
	23.23 a
	26.22 a

	 6 dSm-1
	9.08 b
	378 b
	106 b
	21.90 b
	17.01 b

	9 dSm-1
	6.58 c
	213 c
	169 a
	19.92 c
	  5.53 c

	12 dSm-1
	2.58 d
	  68 d
	   48 c
	19.21 d
	  0.61 d

	Genotypes
	
	
	
	
	

	Binadhan-10
	8.25ns
	326 a
	90.83 b
	22.53 a
	13.55 ab

	B-10
	8.50
	285 b
	87.00 b
	19.67 b
	12.48 b

	Binadhan-8
	7.08 
	270 bc
	173.3 a
	22.47 a
	14.79 a

	B-11
	7.25
	255 c
	88.00 b
	19.60 b
	8.57 c


Values having common letters, within treatment, in a column do not differ significantly at 5% level as per DMRT
Table 14. Interaction effect of genotype and salinity on number of panicle plant-1, filled grains plant-1, unfilled grains plant-1, 1000-grain weight and grain yieldplant-1

	Genotypes×salinity
(Interaction)
	Panicles
plant-1 (no.)
	Filled grains
plant-1 (no.)
	Unfilled grains plant-1 (no.)
	1000-grain weight (g)

	Grain yield plant-1
(g)

	 Binadhan-10 × Control
	11.0 bcd
	513 a
	93.0 c-f
	25.49 a
	29.07 a

	 Binadhan-10 ×   6 dSm-1
	9.33 de
	315 d
	95.0 c-f
	23.81 b
	21.59 b

	Binadhan-10 ×   9 dSm-1
	7.66 ef
	341 d
	123.0 b-e
	20.50 cde
	2.78 f

	Binadhan-10 ×  12 dSm-1
	5.00 f
	135 f
	52.0 ef
	20.31 cde
	0.74 f

	B-10 × Control
	15.3 a
	472 ab
	96.0 c-f
	21.16 cd
	26.85 a

	B-10 × 6 dSm-1
	9.33cde
	438 bc
	74.3 def
	19.42 e
	15.14 c

	B-10 × 9 dSm-1
	7.33 ef
	194 e
	142.0 bcd
	18.94 ef
	7.20 e

	B-10 × 12 dSm-1
	2.00 g
	35.7 hi
	35.0 f
	19.14 ef
	0.72 f

	Binadhan-8 × Control
	12.3 bc
	482 ab
	175.0 b
	24.92 ab
	28.18 a

	 Binadhan-8 × 6 dSm-1
	8.00 de
	416 c
	158.0 bc
	23.96 b
	19.22 b

	Binadhan-8 × 9 dSm-1
	6.00 f
	106 fg
	280.0 a
	21.30 c
	11.10 d

	(Binadhan-8× 12 dSm-1
	2.00 g
	75.7 gh
	80.3 def
	19.69 de
	0.65 f

	 B-11 × Control
	12.7 ab
	442 bc
	95.7 c-f
	21.35 c
	20.80 b

	B-11 × 6 dSm-1
	9.66 cd
	342 d
	98.7 c-f
	20.39 cde
	12.07 cd

	B-11 × 9 dSm-1
	5.33 f
	211 e
	133.0 bcd
	18.95 ef
	1.06 f

	 B-11 × 12 dSm-1
	1.33 g
	25.3 i
	24.0 f
	17.70 f
	0.35 f


Values having common letters or without letters in a column of specific treatment do not differ significantly at 5% level as per DMRT
Table 15. Effect of different levels of salinity on photosynthesis, chlorophyll, nitrate reductase activity and soluble protein in grains of rice genotypes

	Treatment
	Photosynthesis
(μmol CO2 m-2s-1)
	SPAD Reading
(Chlorophyll)
	Nitrate reductase activity (NO2-1 g-1 fwh-1)
	Soluble protein (mg g-1fw)

	Salinity levels
	
	
	
	

	Control
	34.47 a
	41.60 a
	0.57 a
	1.42 a

	 6 dSm-1
	32.03 b
	40.28 b
	0.43 b
	1.33 b

	9 dSm-1
	26.15 c
	39.85 c
	0.35 c
	1.27 c

	12 dSm-1
	24.05 d
	39.02 d
	0.26 d
	1.17 d

	Genotypes
	
	
	
	

	Binadhan-10
	30.19 a
	36.92 c
	0.37 b
	1.18 d

	B-10
	30.43 a
	42.91 b 
	0.36 b
	1.23 c

	Binadhan-8
	27.92 b
	36.90 c
	0.40 b
	1.42 a

	B-11
	28.16 b
	44.03 a
	0.48 a
	1.36 b


Values having common letters, within treatment, in a column do not differ significantly at 5% level
as per DMRT
Table 16. Interaction effect of genotyeps×salinity on photosynthesis, chlorophyll content, nitrate reductase activity in leaves and soluble proteins in grains

	Genotypes×salinity
(Interaction)
	Photosynthesis (μmol CO2 m-2s-1)
	SPAD Reading
(Chlorophyll)
	Nitrate reductase activity (NO2-1 g-1fwh-1)
	Soluble protein
(mgg-1fw)

	 Binadhan-10 × 0 dSm-1
	35.67 a
	38.30 f
	0.56 b
	1.33 cd

	 Binadhan-10 ×   6 dSm-1
	32.27 bc
	36.30 g
	0.41 cd
	1.20 ef

	Binadhan-10 ×   9 dSm-1
	27.63 ef
	36.73 g
	0.29 efg
	1.17 f

	Binadhan-10 ×  12 dSm-1
	25.20 efg
	36.33 g
	0.23 g
	1.00 g

	B-10 × 0 dSm-1
	35.60 a
	45.23 ab
	0.46 bc
	1.42 ab 

	B-10 × 6 dSm-1
	32.43 bc
	43.03 cd
	0.41 cd
	1.28 d

	B-10 × 9 dSm-1
	28.17 de
	42.70 cd
	0.34 def
	1.17 f

	B-10 × 12 dSm-1
	25.53 efg
	40.67e
	0.21 g
	1.02 g

	Binadhan-8 × 0 dSm-1
	31.97 bc
	37.27 g
	0.53 b
	1.44 ab

	 Binadhan-8 × 6 dSm-1
	30.93 cd
	37.13 g
	0.43 cd
	1.39 abc

	Binadhan-8 × 9 dSm-1
	24.90 fg
	36.53 g
	0.38 cde
	1.44 ab

	(Binadhan-8× 12 dSm-1
	23.87 gh
	36.67 g
	0.26 fg 
	1.38 bc

	B-11 × 0 dSm-1
	34.67 ab
	45.60 a
	0.74 a
	1.47 a

	B-11 × 6 dSm-1
	32.47 bc
	44.67 b
	0.47 bc
	1.42 ab

	B-11 × 9 dSm-1
	23.90 gh
	43.43 c
	0.37 cde
	1.30 d

	B-11 × 12 dSm-1
	21.60 h
	42.40 d
	0.34 def
	1.26 de


Values having common letters or without letters in a column of specific treatment do not differ significantly at 5% level as per DMRT
Growth and yield of some sesame genotypes under different water logging period
A pot experiment was conducted with 5 sesame genotypes viz., SM-8, SM-9, Binatil-2, SM-67 and SM-58 at BINA farm, Mymensingh during March to June 2016. Four water logging treatments viz., Control, 24, 48 and 72 hours were imposed at flowering stage of the sesame genotypes. Several seeds were sown in each pot of 8 kg soil collected from BINA farm on 15 March 2016. After seedling establishment one seedling was allowed to grow in each pot. The experiment was laid out in completely randomized design with three replications. Data on morpho-physiological, yield attributes and seed yield were recorded. The collected data were analyzed statistically.  
Results revealed that plant height, chlorophyll content, photosynthetic rate, total dry matter, seed yield and yield attributes gradually decreased with increasing water logging period (Tables 17 and 19). The mutant, SM-58 showed the tallest plant, the highest chlorophyll content and photosynthetic rate in leaves, and produced the highest number capsules plant-1 and thereby showed the highest seed yield followed by SM-58. SM-58 and Binatil-2 survived and produced capsules during long water logged condition of 72 hours (Tables 18 and 20). Two mutants, SM-9 and SM-67 showed lower yield attributes and seed yield. Among five genotypes, the mutants SM-8 and SM-58 showed more tolerance to water logging followed by Binatil-2. Other mutants, SM-9 and SM-67 showed less tolerance to water logging. 

Table 17. Effect of different water logging period on chlorophyll, photosynthesis, plant height, total dry matter and harvest index of sesame genotypes

	Treatment
	SPAD reading (Chlorophyll)
	Photosynthetic rate (µmolCO2m-2s-1)
	Plant height
(cm)
	Total dry mass
plant-1 (g)

	Genotype
	
	
	
	

	SM-8
	39.05b
	28.18b
	48.83b
	11.67a

	SM-9
	39.01b
	24.40c
	52.91ab
	7.73d

	Binatill-2
	39.54b
	27.49b
	53.41ab
	9.48c

	SM-67
	39.11b
	28.71b
	55.08a
	7.05d

	SM-58
	42.31a
	32.15a
	57.08a
	10.73b

	Water logging period
	
	
	

	Control
	45.087a
	33.32a
	74.93a
	13.79a

	24 hours
	40.57b
	29.21b
	63.4b
	11.36b

	48 hours
	36.84c
	26.34c
	56.66c
	8.97c

	72 hours
	36.73c
	23.92d
	18.86d
	3.2d


Common letter(s) within treatment, in a column do not differ significantly at 5% level of significance. 
Table 18. Interaction effect between sesame genotype and water logging period on chlorophyll, photosynthesis, plant height and total dry matter 

	Genotype x water logging period
	SPAD reading (Chlorophyll)
	Photosynthetic rate (µmolCO2m-2s-1)
	Plant height (cm)
	TDM/plant (g)

	SM-8 x Control 
	44.50ab
	33.83ab
	74.00b
	19.35a

	SM-8 x 24 hours
	41.83abc
	28.33de
	60.66cde
	15.53b

	SM-8 x 48 hours
	35.76ef
	25.23fgh
	60.66cde
	11.80cd

	SM-8 x 72 hours
	34.13f
	25.33efgh
	0
	0

	SM-9 x Control 
	46.13a
	27.76def
	75.00b
	12.587c

	SM-9 x 24 hours
	36.80def
	25.56efgh
	73.33b
	9.737efg

	SM-9 x 48 hours
	37.10def
	23.43hij
	63.33bcd
	8.61ghi

	SM-9 x 72 hours
	36.03ef
	21.06j
	0
	0

	Binatil-2 x Control 
	45.93a
	34.80a
	64.33bc
	12.37cd

	Binatil-2 x 24 hours
	41.7abc
	28.40de
	54.00cdef
	11.15cdef

	Binatil-2 x 48 hours
	35.86ef
	24.73fghi
	49.66ef
	7.61hij

	Binatil-2 x 72 hours
	34.66ef
	22.03ij
	45.66f
	6.78ij

	SM-8 x Control 
	44.46ab
	34.00ab
	87.66a
	13.003c

	SM-8 x 24 hours
	40.66bcd
	30.36cd
	74.66b
	8.83gh

	SM-8 x 48 hours
	35.90ef
	26.53efg
	58.00cde
	6.36j

	SM-8 x 72 hours
	35.43ef
	23.96ghij
	0
	0

	SM-58 x Control 
	44.40ab
	26.23a
	73.66b
	11.61cde

	SM-58 x 24 hours
	41.86abc
	33.40ab
	54.33cdef
	11.57cde

	SM-58 x 48 hours
	39.10cde
	31.76bc
	51.66def
	10.48defg

	SM-58 x 72 hours
	43.90ab
	27.20ef
	48.66ef
	9.25fgh


Common letter(s) in a column do not differ significantly at 5%  level of significance. 
Table 19. Effect of different water logging period on yield and yield contributing characters and yield

	Treatment
	Capsules plant-1 (no.)
	Seeds capsule-1 (no.)
	1000-seed weight (g)
	Seed yield plant-1 (g)

	Genotypes
	
	
	
	

	SM-8
	47.08a
	17.05c
	2.44bc
	3.53a

	SM-9
	36.83c
	14.91c
	2.49b
	2.38c

	Binatill-2
	42.5b
	21.42b
	3.05a
	2.77b

	SM-67
	43.08ab
	11.14d
	2.36c
	2.09c

	SM-58
	42.91ab
	25.14a
	3.08a
	3.21a

	 Water logging period
	
	
	
	

	Control
	67.93a
	20.11a
	3.36a
	4.58a

	24 hours
	50.73b
	20.81a
	3.14b
	3.27b

	48 hours
	38.26c
	21.07a
	3.08b
	2.45c

	72 hours
	13.00d
	9.74b
	1.14c
	0.88d


Common letter(s) within treatment, in a column do not differ significantly at 5% level of significance. 

Table 20. Interaction effect between sesame genotype and water logging period on yield contributing characters and yield 
	Genotype x water logging period
	Capsules
plant-1  (no.)
	Seeds capsule-1 (no.)
	1000-seed weight (g)
	Seed yield plant-1 (g)

	SM-8 x Control 
	76.66a
	25.72abc
	3.38ab
	6.56a

	SM-8 x 24 hours
	64.00b
	21.06cdef
	3.20bc
	4.30bc

	SM-8 x 48 hours
	47.66cd
	21.44cdef
	3.20bc
	3.25de

	SM-8 x 72 hours
	0
	0
	0
	0

	SM-9 x Control 
	66.33b
	18.08efg
	3.53a
	4.27bc

	SM-9 x 24 hours
	48.66cd
	19.42defg
	3.23bc
	3.01defg

	SM-9 x 48 hours
	32.33ef
	22.14cde
	3.20bc
	2.27ghi

	SM-9 x 72 hours
	0
	0
	0
	0

	Binatil-2 x Control 
	64.33b
	20.42def
	3.11c
	4.05bc

	Binatil-2 x 24 hours
	41.00de
	24.50abcd
	3.04c
	3.04def

	Binatil-2 x 48 hours
	33.33ef
	21.47cdef
	3.01c
	2.14hi

	Binatil-2 x 72 hours
	31.33f
	19.28defg
	3.06c
	1.85hi

	SM-67 x Control 
	77.66a
	16.38fgh
	3.39ab
	4.33b

	SM-67 x 24 hours
	53.33c
	15.12gh
	3.04c
	2.44fgh

	SM-8 x 48 hours
	41.33de
	13.06h
	2.99c
	1.61i

	SM-8 x 72 hours
	0
	0
	0
	0

	SM-58 x Control 
	54.66c
	19.95defg
	3.41ab
	3.69bcd

	SM-58 x 24 hours
	46.66cd
	23.94bcd
	3.21bc
	3.57cd

	SM-58 x 48 hours
	36.66ef
	27.25ab
	3.01c
	2.99defg

	SM-58 x 72 hours
	33.66ef
	29.41a
	2.67d
	2.58efgh


Common letter(s) in a column do not differ significantly at 5% level of significance. 
Morpho-physiological evaluation of some tomato mutants/varieties
Eight tomato mutants (TM5-1, TM5-2, TM5-3, TM5-4, TM5-5, TM5-6, TM5-7 and TM5-8) along with two check varieties (Binatomato-6 and Binatomato-7) were evaluated at BINA farm, Mymensingh during November 2015 to February 2016 on morpho-physiological parameters and yield. The experiment was laid out in randomized complete block design with three replications. Unit plot size was 3m x 2m and plant to plant and line to line spacing was 50 cm. Recommended intercultural operations were followed. Data on morphological and  reproductive characters, yield attribures and yield plant-1 were recorded. The fruit yield was recorded on plot basis and converted into t ha-1. 
Results revealed that four mutants showed superiority in most of the morphological and yield contributing characters (Table 21). The mutant TM5-6 showed the highest fruit yield followed by TM5-4, TM5-5 and TM5-8. Higher yield of these mutants was due to their higher number of fruits per plant and individual fruit weight. 
Table 21. Variation in morphlogical and reproductive parameters of tomato mutants/varieties
	
Mutants
/varieties
	Plant height (cm)
	Primary branches plant-1 (no.)
	Secondary branches plant-1 (no.)
	Flowers plant-1 (no.)
	Fruits plant-1 (no.)
	Single fruit weight (g)
	Fruit weight plant-1 (kg)
	Fruit yield
( t ha-1)

	TM5-1
	123.8a
	3.0cd
	3.0ab
	58.6ef
	24.6abc
	66.0c
	1.62d
	71.46d

	TM5-2
	109.6a-d
	2.2d
	2.2bc
	54.0fg
	23.2bc
	81.6b
	1.88cd
	82.8cd

	TM5-3
	107.8bcd
	2.4d
	2.4abc
	47.4g
	19.4c
	97.6a
	1.89cd
	83.32cd

	TM5-4
	105.8cd
	3.6bc
	2.6abc
	60.6def
	26.6ab
	85.6b
	2.27bc
	100.08bc

	TM5-5
	108.2bcd
	2.8cd
	3.0ab
	67.4cd
	29.8ab
	85.8b
	2.53b
	114.2b

	TM5-6
	122.2ab
	2.8cd
	1.8c
	70.6bc
	31.0a
	100.0a
	3.09a
	136.14a

	TM5-7
	120.6abc
	2.2d
	2.2bc
	80.2a
	25.2abc
	79.4b
	1.99cd
	87.58cd

	TM5-8
	112.4a-d
	2.8cd
	2.4abc
	76.6ab
	28.0ab
	87.0b
	2.41b
	106.14b

	TM5-9
	100.2d
	4.2ab
	3.2a
	62.6de
	23.6bc
	85.2b
	1.98cd
	87.12cd

	TM5-10
	112.8a-d
	5.0a
	2.4abc
	64.4cde
	26.6ab
	70.6c
	1.87cd
	82.62cd

	Binatomato-6
	104.4d
	4.6ab
	2.4abc
	48.0g
	28.0ab
	63.6c
	1.78d
	78.26d

	Binatomato -7
	114.8a-d
	4.6ab
	2.6abc
	67.6cd
	23.0bc
	68.0c
	1.57d
	69.12d


Common letter(s) in a column do not differ significantly at 5% level of probability. 
Morpho-physiological evaluation of four selected summer mungbean mutants
Four advanced mutants of mungbean were put into trial along with two cultivars. The experiment was set up at two locations of Ishurdi and Magura sub-station farms during Kharif-I season of 2016.The experiment was laid out in a randomized complete block design with three replications having a unit plot size of  3 m × 3 m. The row to row and plant to plant distances were 30 cm and 10 cm, respectively. Urea, triple super phosphate, muriate of potash and gypsum were applied @ 40, 120, 80 and 40 kg ha-1 at the time of final land preparation. Normal cultural practices were followed. Data on morphological and yield contributing characters were recorded at harvest from 10 randomly selected plants in each plot and seed yield was taken from the whole plot and converted into kg/ha.
The plant height and number of branches plant-1 was significant but shown not large differences among the genotypes (Table 22). The mutant MB-1 was the shortest (51.4 cm) followed by Binamoog-8 (53.2 cm) with same statistical rank. Other four mutants/variety (MB-2, MB-13, Binamoog-7 and MB-17) was taller with same statistical rank with being the tallest in MB-13 (59.2 cm). The highest number of branches plant-1 was recorded in Binamoog-7 and the lowest was recorded in MB-2. Result indicated that fewer branch bearing genotypes produced bolder seeds. Binamoog-7 produced the highest number of pods with lower yield performance due to smaller seed size with fewer numbers of seeds pod-1 (Tables 22 and 23). The mutant, MB-2 showed the highest seed yield both per plant and per hectare might be due to produce bolder seeds (Table 23). For seed yield over locations, results showed that two mutants, MB-2 and MB-17 had consistent yield superiority over locations which resulted the highest and higher mean seed yield. The variety Binamoog-7 produced the lowest seed yield at both the locations yet it produced the highest number of pods plant-1. The yield was lower in Binamoog-7 might be due to smaller size pods and seeds. The harvest index was almost alike in all mutants and the variety except Binamoog-7 (Table 23). Binamoog-7 showed the lowest harvest index. 
Table 22. Mean performance of six mungbean genotypes on morphological, yield and yield attributes conducted during Kharif-I, 2016

	Genotypes
	Plant height
(cm)
	Branches
plant-1
(no.)
	Pods
plant-1
(no.)
	Pod
length
(cm)
	Seeds
pod-1 (no.)
	1000-seed weight (g)

	MB-1
	51.4 c
	40.85 b
	16.8 c
	8.59 a
	8.57 b
	1.97 ab

	MB-2
	58.3 a
	1.90 b
	20.3 b
	8.00 b
	8.37 b
	45.24 a

	MB-13
	59.2 a
	1.93 b
	19.0 b
	7.93 b
	8.00 c
	41.01 bc

	MB-17
	59.0 a
	2.00 ab
	20.0 b
	8.22 ab
	8.33 bc
	40.16 bc

	Binamoog-7
	57.3 ab
	2.39 a
	24.7 a
	6.63 c
	7.60 d
	25.17 d

	Binamoog-8
	53.2 bc
	2.00 ab
	20.1 b
	8.43 a
	9.00 a
	38.85 c

	CV (%)
	5.64
	6.05
	7.65
	3.60
	6.80
	5.15


In a column, figures having same letter (s) do not differ significantly at P ≤ 0.05









Table 23. Genotypic variation of seed yield, harvest index and days to maturity

	Genotypes
	Seed yield plant-1 (g)
	Seed yield at two locations  (kg ha-1)
	Harvest index (%)

	
	
	Ishurdi
	Magura
	mean
	

	MB-1
MB-2
MB-13
MB-17
Binamoog-7
Binamoog-8
	7.73 b
9.22 a
6.00 d
8.86 ab
6.66 c
7.68 b
	1163 b
1305 a
  828 e
1290 a
  939 d
1018 c
	1187 a
1250 a
1203 a
1253 a
1033 b
1260 a
	1175 ab
1278 a
1016 c
1272 a
  986 c
1139 b
	32.60 a
31.89 a
31.92 a
31.27 a
26.03 b
32.27 a

	CV (%)
	5.77
	5.04
	3.85
	4.94
	7.14


In a column, figures having same letter (s) do not differ significantly at P ≤ 0.05
Evaluation of promising Aman rice mutants based on morpho-physiological criteria
During the Aman season 2015, four advanced mutant lines (N4/250/P-1(2), N4/250/P-2(6)-26, N4/250/P-4(5) and N4/350/P-5-4) along with two varieties (Binadhan-16 and Binadhan-17) were undertaken to assess morpho-physiological characters and its impact on grain yield on rice. The experiment was set up both under pot and field condition. The pot experiment was set up at BINA HQs, Mymensingh and field experiment was set up at three locations, e.g. BINA sub-stations Magura, Comilla and Rangpur. Experiments were set following CRD and RCBD design for pot and field conditions, respectively with three replications. Unit plot size was 4m x 3m. Distance between line to line and plant to plant was 20 cm and 15 cm. Recommended doses of fertilizer were applied during land preparation. Transplanting was done with 30-days-old seedling. Normal weeding and other cultural practices were done as and when necessary for normal plant growth and development. Some physiological parameters like nitrate reductase, cholorophyll content and photosynthesis rate in leaves were measured at tillering, panicle initiation, flowering and grain filling stages. At harvest, yield and yield related parameters were recorded from 10 randomly selected plants from each plot. Grain yield was finally converted into t ha-1. The collected data were analyzed statistically. 
Chlorophyll content and NR activity in leaves were higher at initial stage and gradually decreased at reproductive stage (Figs 1, 3) but reverse trend was observed for photosynthesis rate (Fig. 2). Chlorophyll content was recorded higher at flowering start stage (Fig. 1), NR was at panicle initiation stage (Fig. 3) but photosynthesis rate was higher at tillering stage (Fig. 2) and declined afterward for all genotypes. Four genotypes viz., Binadhan-16, N4/250/p-1(2), N4/250/p -2(6)-26 and N4/350/p-4(5) were taller than Binadhan-17 and N10/350/p-5-4 (Table 24). The highest and lowest non-effective and effective tillers hill-1, respectively was recorded in N4/250/p -2(6)-26. 
Binadhan-17 produced the highest yield (4.88 t ha-1) followed by N4/350/p-2(6)-26 (4.77 t ha-1) and Binadhan-16 (4.76 t ha-1) with same statistical rank (Table 25). The highest grain yield was observed in Binadhan-17 due to increase number of filled grains panicle-1. Similar results were also reported in case of grain yield over locations (Table 26). Harvest index was the highest in N4/250/P-4(5) followed by Binadhan-17 with same statistical rank (Table 25). Among six genotypes, Binadhan-17 recorded the highest grain yield at two locations, Rangpur and Comilla whereas at Magura, the mutant N4/350/P-5-4 produced the highest grain yield (Table 26). 
For pot experiment, the mutant N4/250/P-1(2) produced the highest grain yield due to the production of higher number of effective tillers and grains panicle-1 and also good dry matter partitioning to economic yield (Table 27). In contrast, the lowest grain yield was recorded in N10/350/p-5-4 due to fewer grains panicle-1 and poor dry matter partitioning to economic yield. 
Table 24: Mean genotypic variations in morphological characters of Aman rice overthree locations

	Mutants/
varieties
	Plant height
(cm)
	Tillers hill-1
(no.)
	Effective tillers
hill-1 (no.)
	Panicle length (cm)

	Binadhan-16
	88.27a
	24.78 ab
	20.44b
	22.57  

	N4/250/p-1(2)
	86.73a
	26.44 a
	22.22a
	22.60

	Binadhan-17
	81.98b
	23.44 b
	22.67a
	22.70

	N4/250/p -2(6)-26
	87.76a
	27.11 a
	20.11b
	22.91 

	N4/350/p-4(5)
	89.47a
	26.11 a
	22.67a
	22.54

	N10/350/p-5-4
	81.62b
	26.11 a
	22.67a
	22.54

	F-test
	**
	*
	**
	NS

	CV(%)	
	4.61
	8.64
	8.31
	3.98


Values having common letter(s) in a column do not differ significantly at P ≤0.05.

Table 25: Mean genotypic variations in yield components in Aman rice over three locations
	Mutants/
varieties
	Filled grains panicle-1 (no)
	Unfilled grain  panicle-1 (no)
	1000-grain weight
(g)
	Grain yield
(t ha-1)
	Straw weight (t ha-1)
	Harvest index (%)

	Binadhan-16
	111.9b  
	15.89 b
	25.34b   
	4.76a
	5.14a
	48.92bc   

	N4/250/p-1(2)
	121.1ab  
	16.33 b
	20.16f
	4.30b
	4.73abc
	47.38c

	Binadhan-17
	128.3  a
	18.56 ab
	27.91a
	4.88a
	4.62bc
	50.99ab

	N4/250/p -2(6)-26
	121.1ab
	20.11 a
	23.74d    
	4.44ab
	4.9ab
	47.78c

	N4/350/p-4(5)
	119.0ab  
	19.11 ab
	22.54e
	4.77a
	4.44c
	52.41a

	N10/350/p-5-4
	119.1ab
	17.11 ab
	24.48c
	4.39b
	4.67bc
	48.34c

	F-test
	*
	*
	**
	*
	*
	**

	CV(%)
	11.08
	17.15
	2.42
	10.01
	8.79
	4.53


Values having common letter(s) in a column do not differ significantly at P ≤0.05.
Table 26: Yield performance of six genotypes in Aman rice over three locations
	Genotypes
	Grain yield (t ha-1)

	
	Rangpur
	Magura
	Comilla
	Mean

	Binadhan-16
	5.41 ab
	4.56 ab
	4.30 a
	4.76 ab

	N4/250/p-1(2)
	5.17 ab
	4.50 ab
	3.23 b
	4.30 b

	Binadhan-17
	6.30 a
	4.23 b
	4.10 a
	4.88 a

	N4/250/p-2(6)-26
	5.67 ab
	4.37 ab
	3.27 b
	4.44 ab

	N4/350/p-4(5)
	5.76 ab
	4.34 ab
	4.20 a
	4.77 ab

	N10/350/p-5-4
	5.10 b
	4.80 a
	3.27 b
	4.39 b

	F-test
	*
	*
	**
	*


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT.

Table 27: Genotypic variations in yield components in Aman rice conducted at pot
	Mutants/
varieties
	Plant height (cm)
	Effective tillers  hill-1 (no)
	Filled grains panicle-1 (no)
	Unfilled grains/ panicle-1 (no)
	1000-grain weight (g)
	Grain yield plant-1 (g)
	Straw weight plant-1 (g)
	Harvest index (%)

	Binadhan-16
	99.67 a
	16.0 bc
	117.4 ab
	12.79 a
	27.98  a
	26.39   b
	22.83  
	53.67  ab

	N4/250/p-1(2)
	85.67 b
	22.0 a
	126.2 a     
	10.19 ab
	20.17  d
	39.78  a
	26.34  
	60.00  a

	Binadhan-17
	98.00 a
	12.0 c
	119.1 ab
	10.26 ab
	24.05  b
	24.29   b
	22.49  
	52.00   b

	N4/250/p -2(6)-26
	83.00bc
	20.7 ab
	118.5 ab
	9.020 b
	22.65 c
	29.18   b
	22.08  
	56.67  ab

	N4/350/p-4(5)
	86.00 b
	18.7  ab
	113.9  ab
	10.47  ab
	22.87 c
	27.97   b
	28.12 
	49.67   b

	N10/350/p-5-4
	77.67  c
	19.7  ab
	109.3   b
	10.24  ab
	24.14 b
	23.89   b
	22.88  
	50.67   b

	F-test
	**
	**
	*
	*
	**
	*
	NS
	*

	CV(%)
	4.09
	13.60
	6.82
	16.41
	1.49
	15.99
	14.16
	6.74


Values having common letter(s) in a column do not differ significantly at P ≤0.05

Fig. 1: Chlorophyll content among six Aman rice genotypes at four growth stages


Fig. 2: Variation of photosynthesis rate of Aman rice genotypes at four growth stages

Fig. 3: Variation in nitrate Reductase (NR) activity of six Aman rice genotypes at four growth stages
Physiological and yield characterization of three soybean genotypes
The experiment was conducted with two soybean varieties (Binasoybean-3 and Binasoybean-4) and one advanced mutant line (SBM-18) in order to study morphological, yield attributes and assimilate distribution. The pot and field experiments were setup at two locations, e.g. BINA head quarter, Mymensingh (pot), and sub-stations Gopalgonj. Experiments were set following CRD and RCBD design for pot and field conditions, respectively with four replications. Unit plot size was 3m x 3m. Distance between line to line and plant to plant was 0.4 m and 0.1 m, respectively. Urea, TSP, MP and Gypsum were applied @ 40, 120, 80 and 40 kg ha-1 as the source of nitrogen, phosphorus, potassium and sulphur. Total amount of Urea, TSP, MP and gypsum were applied as basal doses during final land preparation. Plant protection measures were taken at 45 and 60 DAS against fruit and shoot borer by spraying Diapam 60 EC@ 0.25%.  Normal weeding and other cultural practices were done as and when necessary. At harvest, 10 plants plot-1 were randomly selected for collecting data of yield contributing characters. Grain yield was finally converted into t h-1. To study ontogenetic growth characteristics, a total of four harvests were made. Data were collected from randomly selected 5 plants from each plot. The first plant sampling was done at 35 DAS and continued at an interval of 15 days up to attaining physiological maturity. From each sampling, five plants were randomly selected from each plot and uprooted for collecting necessary parameters. The plants were separated into leaf, stem and root and the corresponding dry weight were recorded after oven drying at 80 ± 20C for 72 hours. At harvest, yield and yield related parameters were recorded from 10 randomly selected plants from each plot. The collected data were analyzed statistically. 
At Gopalgonj, Binasoybean-3 was the tallest while the mutant SMB-18 was the shortest (Table 28). The number of branches plant-1 was almost similar amongst the genotypes. The highest seed weight plant-1 was recorded in Binasoybean-3 followed by Binasoybean-4 with same statistical rank (Table 28). The higher seed yield in Binasoybean-3 due to higher number of pods plant-1 whereas Binasoybean-4 showed second highest seed yield although it produced fewer pods plant-1 might be due to its bolder seed size. The variation in seed yield per unit area was non-significant among the three genotypes yet they showed significant variation in seed yield plant-1. This may explain in a way that plant population density of the three tested genotypes was not similar. 
In pot experiment, Binasoybean-3 produced the highest yield plant-1 due to the contribution of higher number of pods plant-1 and well dry matter partitioning to economic yield (Table 28) and increased TDM (Fig. 4). In contrast, Binasoybean-4 showed the lowest seed yield plant-1 due to fewer pods plant-1. The rate of photosynthesis and chlorophyll content slowly increased with age and become picked at flowering stage and then decreased at pod formation stage except Binasoybean-4 (Figs. 5 and 6). The nitrate reductase activity increased with plant age until pod formation stage in all genotypes (Fig. 7)


Table 28: Some morpho-physiological characters and yield components and seed yield in soybean genotypes conducted during Rabi season at Gopalgonj 
	
Genotypes
	Plant height (cm)
	Branches plant-1 (no.)
	Pods plant-1 (no.)
	Seeds pod -1 (no.)
	Seed weight plant -1 (g)
	100 -seed weight (g)
	Seed yield
(t ha-1)
	Straw yield
(t ha-1)
	Harvest index (%)

	Binasoybean-3
	87.5 a
	4.6
	74.1 a
	2.15 b
	17.48 a
	15.13ab
	2.40
	3.40
	39.75

	Binasoybean-4
	80.4 b
	3.9
	60.2 b
	2.40 a
	16.52ab
	16.38 a
	2.30
	3.60
	40.25

	SBM-18
	77.5 b
	3.6
	62.9 b
	2.25 ab
	14.95 b
	14.63 b
	2.20
	3.41
	40.75

	F-test
	*
	NS
	*
	*
	*
	*
	NS
	NS
	NS

	CV (%)
	4.74
	15.06
	9.31
	5.30
	13.94
	4.85
	12.80
	13.89
	9.48


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT
Table 29: Some morpho-physiological characters and yield components and seed yield in soybean genotypes conducted at pot.
	Genotypes
	Plant height (cm)
	Branches plant-1 (no.)
	Pods plant-1 (no.)
	Seeds pod -1 (no.)
	100 -seed weight (g)
	Seed yield plant-1 (g)
	Straw yield plant-1 (g)
	HarvestIndex (%)

	Binasoybean-3
	61.5 a
	6.5
	147.3 a
	2.45
	15.77 a
	19.11 a
	28.88
	46.75 a

	Binasoybean-4
	52.5 b
	6.0
	127.0 ab
	2.15
	10.38 b
	15.96 b
	27.50
	36.25 b

	SBM-18
	53.0 b
	6.3
	132.5 b
	2.45
	9.97 b
	16.97ab
	30.17
	37.00 b

	F-test
	**
	NS
	*
	NS
	**
	*
	NS
	*

	CV (%)
	4.36
	16.22
	7.96
	7.23
	4.45
	7.67
	18.18
	19.57


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT

  Fig 4: TDM of soybean genotypes at two locations (A: HQ, Mymensingh; B: Gopalgonj)
	
 Fig. 5: Rate of photosynthesis at three growth stages of three soybean genotypes

Fig. 6: Chlorophyll content at three growth stages of three soybean genotypes

   Fig. 7: NR content at three growth stages of three soybean genotypes


Physiology of tillering ontogeny and assimilate partitioning control in Aman rice varieties                                                                                                                                                                                                                                                                                                               
The experiment was conducted at BINA HQs farm during Aman season of 2015 to assess the control mechanism involve in assimilate partitioning competition among different classes of tillers in rice. Four released varieties viz., Binadhan-7, Binadhan-11, Binadhan-16 and Binadhan-17 were taken as tested planting material. The experiment was conducted in randomized complete block design with three replications. The unit plot size was 3m × 3m with plant spacing 20cm × 15cm. The recommended doses of fertilizers were applied and other cultural practices were followed for normal plant growth and development. Three plants from each replication were randomly selected and tagged for daily count of initiated tillers. Tillers count began from the date of first initiated primary tiller on the main tiller and continued at every day until tillering ceased. Number of tillers produced at each day was averaged over 4 days interval. Total tillers production and tillering duration were later calculated from the collected data. At harvest, 5 hills plot-1 uprooted and separated to main tiller, primary, secondary and tertiary tillers, and grain yield and yield related parameters of each tiller (consider as plant) was recorded. The collected data were analyzed statistically. 
Results showed that primary tiller produced until node-5 in two varieties, Binadhan-7 and Binadhan-17 (count from base) (Table-30), whereas other two varieties (Binadhan-11 and Binadhan-16) produced primary tillers until node-4. The secondary tillers produced more than one on node 1-4. The maximum secondary tillers production was recorded in node-1 (range 1.50 to 3.67) followed by node-2.  Result indicated that secondary and tertiary tillers production reduced with increase nodal position of the main tiller. The highest effective tillers production hill-1 was recorded in Binadhan-7 (13.3) followed by Binadhan-17 (9.80). The lowest effective tillers hill-1 was recorded in Binadhan-11 (7.00). Significant variation in periodical tiller production at 4-day interval was observed in four rice varieties (Table 31). The production of tillers over time increased until certain time followed by a decline and finally ceased tiller production. Three varieties, Binadhan-11, Binadhan-16 and binadhan-17 showed flowering peak at 35-38 days after transplanting (DAT) and Binadhan-7 showed flowering peak at 39-42 DAT and then gradually decreased to almost nil at the end. Results revealed that the tillers which initiated early also showed higher grain production as well as yield plant-1. Further, in general, high yielding genotypes produced increased number of tillers than the low yielding ones. These results indicate that early maximum tiller production is prerequisite for getting higher yield. 
Results indicated that those genotypes which produced higher number of total tillers also showed high non-effective tillers hill-1 (Table 32). The long tillering duration was observed in Binadhan-7 (29 days) followed by Binadhan-11 and binadhan-16 (20 days). The shortest tillering duration was observed in Binadhan-17 (16 days). Results further indicated that heading duration was positively related with tiller production. Considering tiller type and position, main tiller produced the highest dry mass plant-1 followed by primary, secondary and tertiary tillers (Table 33). Results further indicated that dry mass decreased with increasing tillering position in all types of tillers.
The production of filled grains plant-1 was the highest in main tiller followed by primary, secondary and tertiary tillers (Table 34). Results further indicated that number of filled grains plant-1 decreased with increasing tillering position of primary and secondary tillers. Grain size did not significantly reduce in all primary tillers and secondary tiller-1 and 2 of all four varieties (Table-35). The grain size significantly reduced after primary tiller-3 in most of the varieties. 
The highest grain weight was recorded in main tiller followed by primary tiller-1 and so on (Table 36). However, grain weight did not significantly reduce until primary tiller-2 of all varieties. Results further indicated that grain weight decreased with increasing tillering position of primary, secondary and tertiary tillers. Among the tiller type, the higher grain yield plant-1 was observed in primary tiller followed by secondary and tertiary tiller. From the above results, it may be concluded that early maximum tiller production is good for getting desirable grain yield. The later initiated secondary and tertiary tillers are undesirable for getting higher grain yield of rice for asynchronous maturity. 

Table 30. Tillers production on main tiller of four varieties grown during Aman season of 2015
	
Tiller types & position 
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Primary tiller
	
	
	
	

	
	1
	1
	1
	1
	1

	
	2
	1
	1
	1
	1

	
	3
	1
	1
	1
	1

	
	4
	1
	1
	1
	1

	
	5
	1
	---
	---
	1

	Secondary tiller
	
	
	
	

	
	1
	3.67
	1.50
	2.00
	2.33

	
	2
	3.00
	1.00
	2.00
	1.67

	
	3
	1.00
	0.50
	---
	0.50

	
	4
	0.33
	--
	---
	---

	Tertiary tiller
	
	
	
	

	
	1
	0.33
	---
	1.00
	0.33

	
	2
	---
	---
	---
	---

	  Total tillers
	13.3
	7.00
	9.00
	9.80



Table 31. Tillering pattern in four rice varieties
	
Mutants/
cultivars
	Number of tillers  production at 4 days interval (cumulative)

	
	Days after transplanting

	
	11-14
	15-18
	19-22
	23-26
	27-30
	31-34
	35-38
	39-42
	43-46
	47-50

	Binadhan-7
	2.00
	3.33
	4.00
	5.50
	7.00
	8.50
	10.0
	13.0
	13.3
	13.3

	Binadhan-11
	1.52
	2.00
	2.75
	3.50
	4.50
	5.20
	7.00
	7.00
	7.00
	7.00

	Binadhan-16
	1.00
	2.50
	4.00
	6.01
	7.52
	8.50
	9.00
	9.11
	9.10
	9.00

	Binadhan-17
	2.10
	3.00
	4.55
	5.50
	8.50
	9.10
	9.50
	9.80
	9.80
	9.80

	F-test
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**

	LSD (0.05)
	0.41
	1.13
	1.20
	1.39
	1.57
	1.70
	1.25
	1.77
	1.24
	1.50


** indicates significant at 1% level of probability
Table 32. Variation in plant characters of four rice varieties
	Mutants/cultivar
	Total tillers hill-1 (no)
	Effective tillers hill-1 (no)
	Non-effective tillers hill-1 (no)
	Tillering duration (days)†
	Heading duration (days)†

	Binadhan-7
	13.3 a
	12.3 a
	1.00 a
	29 a
	14 ab

	Binadhan-11
	7.00 c
	7.00 c
	0.00 c
	20 b
	12 b

	Binadhan-16
	9.00 b
	8.50 bc
	0.50 b
	20 b
	16 a

	Binadhan-17
	9.80 b
	9.50 b
	0.50 b
	16 c
	  8 d

	F-test
	**
	**
	**
	**
	**


† Start from 1st primary tiller to last tertiary tiller; ** indicates significant at 1% level of probability
Table 33. Total dry mass plant-1 (g) at harvest of four varieties grown during Aman season of 2015
	
Tiller types & position 
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	7.39 a
	6.77 a
	6.08 a
	8.19 a

	Primary tiller
	
	
	
	

	
	1
	6.95 b
	6.63 ab
	5.76 ab
	8.19 a

	
	2
	7.11 ab
	6.60 ab
	5.56 b
	7.47 b

	
	3
	5.85 c
	6.26 b
	4.45 c
	6.00 c

	
	4
	4.54 e
	4.29 c
	3.29 e
	5.55 d

	
	5
	3.92
	---
	---
	3.37 e

	Secondary tiller
	
	
	
	

	
	1
	5.96 c
	6.61 ab
	4.04 d
	5.98 c

	
	2
	5.46 cd
	4.17 c
	2.64 f
	3.65 e

	
	3
	4.09 ef
	2.09 d
	---
	2.83 f

	
	4
	3.91 f
	--
	---
	---

	Tertiary tiller
	
	
	
	

	
	1
	2.15 g
	---
	1.53 g
	2.82 f

	
	2
	---
	---
	---
	--


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05 
Table 34. Variation in filled grains number plant-1 of four varieties grown during Aman season of 2015
	   
Tiller types & position
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	130.0 a
	118.5 a
	118.3 a
	224.0 a

	Primary tiller
	
	
	
	

	
	1
	127.5 a
	118.0 a
	117.5 a
	213.0 a

	
	2
	127.5 a
	120.0 a
	112.8 b
	172.1 b

	
	3
	107.5 b
	112.4 b
	90.8 c
	167.0 b

	
	4
	88.0 de
	77.5 c
	66.3 d
	146.4 c

	
	5
	83.0 ef
	
	
	89.3 d

	Secondary tiller
	
	
	
	

	
	1
	101.0 c
	119.5 a
	87.0 c
	158.0 c

	
	2
	89.5 d
	79.0 c
	50.5 e
	94.5 d

	
	3
	83.5 ef
	38.2 d
	
	85.5 d

	
	4
	78.0 f
	--
	
	---

	Tertiary tiller
	
	
	
	

	
	1
	45.1 g *
	---
	12.0 f *
	71.0 e**

	
	2
	---
	--
	---
	--


  In a column figures having same letter (s) do not differ significantly at P ≤ 0.05; 
  * 100% grain immature during harvest , ** 50% grain immature during harvest




Table 35. Thousand-grain weight (g) of four varieties grown during Aman season of 2015
	
Tiller types & position
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	22.25 a
	27.90 a
	26.80 a
	20.15 a

	Primary tiller
	
	
	
	

	
	1
	22.15 a
	28.05 a
	26.60 ab
	20.20 a

	
	2
	22.20 a
	27.90 a
	26.55 ab
	20.10 a

	
	3
	22.10 a
	27.85 ab
	26.15 cd
	20.05 a

	
	4
	21.29 b
	28.05 a
	25.85 de
	20.25 a

	
	5
	21.08 c
	
	
	20.17 a

	
	6
	
	
	
	

	
	7
	
	
	
	

	
	8
	
	
	
	

	Secondary tiller
	
	
	
	

	
	1
	21.99 ab
	27.50 b
	25.60 e
	20.10 a

	
	2
	21.85 b
	27.39 bc
	25.45 e
	20.05 a

	
	3
	21.10 c
	26.97 c
	
	19.54 b

	
	4
	21.00 c
	--
	
	---

	Tertiary tiller
	
	
	
	

	
	1
	---
	---
	---
	19.65 b

	
	2
	---
	--
	---
	--


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05






Table 36. Grain weight plant-1 (g) of four varieties grown during Aman season of 2015
	
Tiller types & position
	Varieties/mutants

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	2.89 a
	3.31 a
	3.18 a
	4.51 a

	Primary tiller
	
	
	
	

	
	1
	2.82 a
	3.31 a
	3.13 a
	4.62 a

	
	2
	2.83 a
	3.35 a
	2.99 a
	3.84 b

	
	3
	2.38 b
	3.12 a
	2.37 b
	3.35 c

	
	4
	1.87 d
	2.18 b
	1.71 c
	2.97 d

	
	5
	1.75 d
	
	
	1.80 ef

	
	6
	
	
	
	

	
	7
	
	--
	
	

	
	8
	--
	--
	--
	

	Secondary tiller
	
	
	
	

	
	1
	2.22 bc
	3.29 a
	2.14 b
	3.18 c

	
	2
	1.95 cd
	2.16 b
	1.22 d
	1.90 e

	
	3
	1.76 d
	1.02 c
	
	1.68 fg

	
	4
	1.64 d
	---
	
	---

	Tertiary tiller
	
	
	
	

	
	1
	0.90 e*
	---
	0.28 e*
	1.40 g**

	
	2
	---
	---
	---
	--


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
Grain sterility in relation to dry mass production and distribution in rice
The experiment was conducted at BINA HQs farm during Aman season of 2015 to assess grain sterility in relation to dry mass production and distribution in rice. Four varieties such as Binadhan-7, Binadhan-11, Binadhan-16 and Binadhan-17 were taken as tested planting material. The experiment was conducted in randomized complete block design with three replicates. The unit plot size was 3m × 3m with plant spacing 20cm × 15cm. The recommended doses of fertilizers were applied and other cultural practices were followed for normal plant growth and development. At harvest, dry mass production was taken from five randomly selected hills of each plot. Then the selected hills were separated to main, primary, secondary and tertiary tillers and oven dried at 80 0C for 72 hours. At harvest, 5 hills plot-1 uprooted and separated to main tiller, primary, secondary and tertiary tillers, and grain yield and yield related parameters of each tiller (consider as plant) was recorded. The collected data were analyzed statistically. 
Results indicated that Binadhan-17 produced the highest dry mass plant-1 followed by Binadhan-7 (Table 37). The lowest dry mass production was recorded in Binadhan-16. Considering tiller type and position, main tiller produced highest dry mass plant-1 followed by primary, secondary and tertiary tillers. Results further indicated that dry mass decreased with increasing tillering position in all types of tillers.
Result showed that production of filled grains plant-1 was the highest in main tiller followed by primary, secondary and tertiary tillers (Table 38). Results further indicated that number of filled grains plant-1 decreased with increasing tillering position of primary, secondary and tertiary tillers. Results showed that those genotypes which produced greater number of grains plant-1, also showed higher unfilled grains panicle-1. Considering percent unfilled grains over total grains, result indicated that number of unfilled grains increased with increasing tiller position of primary, secondary and tertiary tillers (Fig 8). The highest proportion of unfilled grains was observed in tertiary tillers followed by secondary and primary tillers in all varieties. Grain size did not significantly reduce in all primary tillers and secondary tiller-1 & 2 of Binadhan-17 (Table 39). However, the grain size did not significantly reduce until primary tiller-3 in all varieties. But grain size significantly reduced in tertiary tillers of all varieties. Harvest index did not significantly reduce by tillering position until primary tiller-4 and thereafter HI significantly reduced in all varieties except Binadhan-16 (Table 40). In Binadhan-16, the HI did not significantly reduced until secondary tillers. In tertiary tillers, HI decreased drastically. 
The highest grain weight was recorded in main tiller followed by primary tiller-1 and so on (Table 41). Results indicated that grain weight decreased with increasing tillering position of primary, secondary and tertiary tillers. However, grain weight did not significantly reduce until primary tiller-3 of Binadhan-11. Among the tiller type, the higher grain yield plant-1 was observed in primary branch followed by secondary and tertiary branch. Among the varieties, the highest grain weight plant-1 was recorded in Binadhan-17 followed by Binadhan-11. Again, the lowest grain weight hill-1 was recorded in Binadhan-16. 
Considering the relationship between dry mass and number of filled grains production as well as grain weight, results indicated that grains production and grain weight strongly correlated with total dry mass production where as no relation was observed  between dry mass and unfilled grain number (Fig. 8). However, considering percent unfilled grains of the total grains, the unfilled grain was strongly and negatively correlated with dry mass production. In crux, up to primary tiller-3 is good for plant growth and development thereby getting desirable grain yield with less grain sterility and higher harvest index. The secondary and tertiary tillers are undesirable for getting higher grain yield of rice. 
Table 37. Dry weight/plant (g) at harvest of four varieties grown during Aman season of 2015
	Tiller types & position
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	7.39 a
	6.77
	6.08
	8.19 a

	Primary tiller
	
	
	
	

	1
	7.05 a
	6.63 a
	5.76 a
	8.19 a

	2
	7.11 a
	6.60 a
	5.56 a
	7.87 a

	3
	5.85 b
	6.26 a
	4.45 b
	6.50 c

	4
	4.54 d
	4.39 b
	3.29 d
	5.55 d

	5
	3.92 e
	---
	---
	3.67 f

	Secondary tiller
	
	
	
	

	1
	5.96 b
	6.61 a
	4.04 c
	6.98 a

	2
	5.48 c
	4.37 b
	2.64 e
	4.65 e

	3
	4.69 d
	2.09 c
	---
	3.33 fg

	4
	3.91 e
	---
	---
	

	Tertiary tiller
	
	
	
	

	1
	2.15 f
	---
	1.53R f
	2.82R g


  In a column figures having same letter (s) do not differ significantly at P ≤ 0.05; R, indicates     rarely  present





Table 38. Variation in filled and unfilled grains number panicle-1 of four varieties grown   during Aman season of 2015
	
Tiller types & position
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	
	Grains panicle-1 (no.)

	
	Filled
	Unfilled
	Filled
	Unfilled
	Filled
	Unfilled
	Filled)
	Unfilled

	Main tiller
	146.0
	29.20
	118.50
	14.70
	118.3
	27.56
	224.0
	53.50

	Primary tiller
	
	
	
	
	
	
	
	

	
	1
	137.0
	32.50
	118.0
	27.50
	117.5
	26.25
	212.0
	52.50

	
	2
	127.5
	24.00
	120.0
	20.00
	112.8
	29.00
	210.0
	51.5

	
	3
	107.5
	26.00
	112.0
	13.50
	90.75
	31.25
	177.0
	37.00

	
	4
	83.10
	25.50
	77.50
	7.650
	66.25
	29.5
	126.0
	38.00

	
	5
	58.00
	23.50
	---
	---
	---
	---
	89.00
	18.60

	Secondary tiller
	
	
	
	
	
	
	
	

	
	1
	101.0
	36.60
	119.5
	21.00
	100.0
	24.00
	188.0
	28.5

	
	2
	78.00
	22.50
	79.00
	15.30
	87.00
	18.75
	124.5
	22.00

	
	3
	69.50
	18.00
	38.00
	9.000
	---
	
	85.50
	21.50

	
	4
	63.50
	14.50
	---
	
	---
	
	
	

	Tertiary tiller
	
	
	
	
	
	
	
	

	
	1
	08.66
	16.60
	---
	---
	12.10
	10.5
	71.00
	25.00

	
	2
	---
	---
	---
	---
	---
	---
	---
	---

	   LSD(0.05)
	8.01
	3.23
	7.35
	2.77
	6.67
	3.44
	14.50
	5.43









Table 39. Thousand-grain weight (g) of four varieties grown during Aman season of 2015
	Tiller types & position
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	22.25 a
	27.98 a
	26.70 a
	20.10 a

	Primary tiller
	
	
	
	

	1
	22.21 a
	28.05 a
	26.60 a
	20.20 a

	2
	22.26 a
	27.95 a
	26.55 ab
	20.00 a

	3
	22.40 a
	27.90 a
	26.35 ab
	20.05 a

	4
	21.29 bc
	28.08 a
	25.45 c
	20.25 a

	5
	21.08 c
	---
	---
	20.11 a

	Secondary tiller
	
	
	
	

	1
	22.15 a
	27.50 b
	26.20 c
	20.26 a

	2
	22.26 a
	27.39 b
	25.05 d
	20.00 a

	3
	21.88 ab
	26.97 c
	---
	19.40 b

	4
	21.64 b
	---
	---
	---

	Tertiary tiller
	
	
	
	

	1
	21.15 c
	---
	23.13 d
	19.65 b


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
Table 40. Grain weight plant-1 (g) of four varieties grown during Aman season of 2015
	Tiller types & position
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	3.25 a
	3.32 a
	3.16 a
	4.50 a

	Primary tiller
	
	
	
	

	1
	3.05 ab
	3.36 a
	3.13 a
	4.27 ab

	2
	2.92 b
	3.35 a
	2.99 b
	4.20 bc

	3
	2.49 c
	3.12 a
	2.39 cd
	3.55 d

	4
	1.77 e
	2.18 b
	1.69 e
	2.55 e

	5
	1.22 g
	---
	---
	1.79 f

	Secondary tiller
	
	
	
	

	1
	2.24 d
	3.28 a
	2.76 c
	3.81 cd

	2
	1.74 ef
	2.16 b
	2.17 d
	2.49 e

	3
	1.52 fg
	1.02 c
	---
	1.66 fg

	4
	1.37 g
	---
	---
	---

	Tertiary tiller
	
	
	
	

	1
	0.18 h
	---
	0.28 f
	1.40 g


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
Table 41. Variation in harvest index of four varieties grown during Aman season of 2015
	Tiller types & position
	Varieties

	
	Binadhan-7
	Binadhan-11
	Binadhan-16
	Binadhan-17

	Main tiller
	44.22 a
	49.44 ns
	51.97 ab
	54.95 a

	Primary tiller
	
	
	
	

	1
	43.26 ab
	50.68
	53.41 ab
	52.14 a

	2
	41.07 b
	50.76
	53.78 ab
	53.66 a

	3
	40.85 bc
	49.84
	53.70 ab
	54.67 a

	4
	38.99 c
	49.66
	51.37 b
	46.96 b

	5
	31.12
	---
	---
	48.77 b

	Secondary tiller
	
	
	
	

	1
	42.62 a
	49.62
	54.01 a
	54.58 a

	2
	40.88 bc
	49.43
	56.51 a
	53.55 a

	3
	36.67 cd
	48.80
	---
	49.85

	4
	35.04 d
	---
	---
	---

	Tertiary tiller
	
	
	
	

	1
	08.37 e
	---
	18.30 c
	46.10 b


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
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Fig. 8. Relationship between (A) dry weight and number of grains, (B) dry weight and  grain  yield, (C) dry weight and number of unfilled grains and (D) dry weight and percent  unfilled grains of the total grains.
Physiology of tillering ontogeny and assimilate partitioning control in Boro rice mutants/varieties
The experiment was conducted at BINA HQs farm during Boro season of 2015-16 to assess the control mechanism involve in assimilate partitioning competition among different classes of tillers in rice. Three advanced mutants [B-10, B-11, RM-40 (C)-1-1-10] and three varieties (Binadhan-5, Binadhan-14 and BRRI dhan29) were taken as tested planting material. The experiment was conducted in randomized complete block design with three replicates. The unit plot size was 3m × 3m with plant spacing 20cm × 15cm. The recommended doses of fertilizers were applied and other cultural practices were followed for normal plant growth and development. Three plants from each replication were randomly selected and tagged for daily count of initiated tillers. Tillers count began from the date of first initiated primary tiller on the main tiller and continued at every day until tillering ceased. Number of tillers produced at each day was averaged over 4 days interval. Total tillers production and tillering duration were later calculated from the collected data. At harvest, 10 hills/plot uprooted and separated to main tiller, primary, secondary and tertiary tillers, and grain yield and yield related parameters of each tiller (consider as plant) was recorded. The collected data were analyzed statistically. 
Results showed that primary tiller produced only one on each node until node-6 (count from base) (Table-42), whereas secondary and tertiary tillers produced more than one on node-1-4. The secondary tillers production on node-1 ranged was 1.00-4.30. Result indicated that secondary and tertiary tillers production reduced with increase nodal position of the main tiller. The highest effective tillers production hill-1 was recorded in BRRI dhan29 followed by Binadhan-5 with same statistical rank. The lowest effective tillers hill-1 was recorded in Binadhan-14. Significant variation in periodical tiller production at 4-day interval was observed in 6 rice mutants/varieties (Table 43). The production of tillers over time increased until certain time followed by a decline and finally ceased tiller production. Three genotypes, B-10 , B-11 and Binadhan-5 showed flowering peak at 36-39 days after transplanting (DAT) and other three genotypes RM-40 (C)-1-1-10, Binadhan-14 and BRRI dhan29 showed flowering peak at 40-43 DAT and then gradually decreased to almost nil at the end. Results revealed that the tillers which initiated early also showed higher grain production as well as yield plant-1. Further, in general, high yielding genotypes produced increased number of tillers than the low yielding ones. These results indicate that early maximum tiller production is prerequisite for getting higher yield. 
Results indicated that three genotypes viz., B-10, Binadhan-5 and BRRI dhan29 produced six primary tillers hill-1, while other three genotypes, B-11, RM-40 (C)-1-1-10 and Binadhan-14 produced five primary tillers hill-1 (Table 44).  Tiller emergence days (after transplanting) range was 12 to 49 days (Table 44). Results indicated that those genotypes which produced higher number of total tillers also showed high non-effective tillers hill-1 (Table 45). The long tillering duration was observed in BRRI dhan29 and RM-40(C)-1-1-10 (31 days) followed by Binadhan-5 (28 days). The shortest tillering duration was observed in B-10 (26 days). Considering tiller type and position, main tiller produced highest dry mass plant-1 followed by primary, secondary and tertiary tillers (Table 45). Results further indicated that dry mass decreased with increasing tillering position in all types of tillers.
The production of filled grains plant-1 was the highest in main tiller followed by primary, secondary and tertiary tillers (Table 46). Results further indicated that number of filled grains plant-1 decreased with increasing tillering position of primary and secondary tillers. Grain size did not significantly reduce in all primary tillers (except primary tiller-6) and secondary tiller-1 and 2 of all six genotypes (Table-47). The grain size significantly reduced after secondary tiller-3 and tertiary tillers in most the genotypes. 
Harvest index did not significantly reduced until primary tiller-5, thereafter HI reduced significantly in tillers-6, secondary and tertiary tillers (Table 49). In long durated tillers, HI significantly reduced after primary tiller-5. Considering tiller type, the HI rank was: Main tiller > primary tillers >secondary tillers > Tertiary tillers. 
The highest grain weight was recorded in main tiller followed by primary tiller-1 and so on (Table 48). However, grain weight did not significantly reduce until primary tiller-2 of all genotypes. Results further indicated that grain weight decreased with increasing tillering position of primary, secondary and tertiary tillers. Among the tiller type, the higher grain yield plant-1 was observed in primary tiller followed by secondary and tertiary tiller. From the above results, it may be concluded that early maximum tiller production is good for getting desirable grain yield with less grain sterility and higher harvest index. The later initiated secondary and tertiary tillers are undesirable for getting higher grain yield of rice as well as getting synchronous maturity. 
Table 42. Tillers production on main tiller of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position 
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Primary tiller
	
	
	
	
	
	

	
	1
	1
	1
	1
	1
	1
	1

	
	2
	1
	1
	1
	1
	1
	1

	
	3
	1
	1
	1
	1
	1
	1

	
	4
	1
	1
	1
	1
	1
	1

	
	5
	1
	1
	1
	1
	1
	1

	
	6
	0.5
	---
	---
	1
	---
	1

	Secondary tiller
	
	
	
	
	
	

	
	1
	3.6
	3.5
	4.3
	3.3
	2.0
	3.4

	
	2
	3.8
	5.0
	5.0
	3.4
	2.0
	3.9

	
	3
	2.3
	---
	1.0
	1.5
	0.5
	1.4

	
	4
	---
	--
	---
	0.5
	---
	0.8

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	0.3R
	0.3R
	1.0
	0.4R
	1.0

	
	2
	---
	--
	---
	--
	--
	---

	  Total effective tillers
	15.3
	13.8
	15.3
	15.7
	9.00
	16.5


   R: rarely present
Table 43. Tillering pattern of six rice mutants/varieties
	
Mutants/	
cultivars
	Number of tillers  production at 4 days interval (cumulative)

	
	Days after transplanting

	
	12-15
	16-19
	20-23
	24-27
	28-31
	32-35
	36-39
	40-43
	44-47
	48-51

	B-10
	3.00
	4.00
	4.53
	6.00
	9.20
	12.00
	14.11
	14.50
	15.00
	15.00

	B-11
	2.00
	2.51
	3.57
	6.50
	7.00
	8.10
	12.00
	12.50
	13.50
	13.50

	RM-40(C)-1-1-10
	3.00
	4.20
	5.50
	5.67
	6.30
	7.00
	10.00
	15.00
	15.10
	15.00

	Binadhan-5
	2.55
	5.00
	7.50
	10.5
	12.0
	14.20
	15.0
	15.5
	15.5
	15.5

	Binadhan-14
	1.00
	2.00
	3.00
	4.70
	5.50
	6.00
	7.50
	8.50
	8.50
	8.50

	BRRI dhan29
	2.50
	4.00
	5.10
	5.53
	8.50
	11.0
	14.5
	16.0
	16.0
	16.0

	F-test
	**
	**
	**
	**
	**
	**
	**
	**
	**
	**

	LSD (0.05)
	0.33
	0.63
	0.94
	1.44
	1.89
	2.17
	2.05
	2.07
	1.88
	2.42


** indicates significant at 1% level of probability
Table 44. Variation in plant characters of six rice mutants/varieties
	Mutants/
cultivar
	Total tillers hill-1 (no)
	Effective tillers hill-1 (no)
	Non-effective tillers hill-1 (no)
	Tillering duration (days)†

	B-10
	17.9 ab
	15.3 ab
	2.61 c
	26 b

	B-11
	15.6 b
	13.8 b
	1.75 d
	27 b

	RM-40(C)-1-1-10
	18.9 ab
	15.3 ab
	3.64 a
	31 a

	Binadhan-5
	19.0 a
	15.7 ab
	3.25 b
	28 ab

	Binadhan-14
	10.5 c
	9.00 c
	1.53 d
	27 b

	BRRI dhan29
	19.9 a
	16.5 a
	3.37 ab
	31 a

	F-test
	**
	**
	**
	**


† Start from 1st primary tiller to last (4th) tertiary tiller; ** indicates significant at 1% level of probability

Table 45. Straw weight plant-1 (g) at harvest of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position 
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Main tiller
	3.17a
	2.91 a
	2.75 a
	3.94 a
	2.57 a
	3.09 a

	Primary tiller
	
	
	
	
	
	

	
	1
	2.93 ab
	2.93 a
	2.69 ab
	3.66 b
	2.47 a
	3.09 a

	
	2
	2.68 bc
	2.65 ab
	2.41 b
	3.67 b
	2.28 b
	2.98 a

	
	3
	2.48 c
	2.33 b
	2.25 bc
	3.37 bc
	2.26 bc
	2.68 b

	
	4
	2.22 cd
	2.26 b
	1.76 d
	3.06 c
	1.43 d
	2.26 c

	
	5
	2.12 d
	1.85 c
	1.33 e
	2.66 d
	1.14 d
	1.93 d

	
	6
	1.40 f
	---
	---
	1.97 ef
	---
	1.48 e

	Secondary tiller
	
	
	
	
	
	

	
	1
	2.25 d
	2.37 b
	1.99 c
	2.36 d
	2.03 bc
	2.00 c

	
	2
	1.91 e
	1.54 c
	1.53 de
	1.96 e
	1.63 bc
	1.62 d

	
	3
	1.35 f
	--
	1.36 e
	1.65 f
	0.80 e
	1.26 e

	
	4
	--
	--
	---
	1.34 g
	---
	0.89 f

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	0.79 d
	0.68 f
	0.99 h
	0.71
	0.82 f

	
	2
	---
	--
	---
	--
	
	


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05 







Table 46. Variation in filled grains number plant-1 of six advanced mutants/varieties grown during Boro season of 2015-16
	   
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Main tiller
	138.3 a
	100.3 a
	160.7 a
	170.0 a
	146.0 a
	165.3 a

	Primary tiller
	
	
	
	
	
	

	
	1
	124.0 b
	99.70 a
	155.0 ab
	165.0 ab
	145.0 ab
	162.7 a

	
	2
	106.7 c
	92.33 b
	145.0 b
	155.3 bc
	132.0 b
	159.0 a

	
	3
	102.3 c
	88.50 b
	112.3 c
	142.3 cd
	109.3 c
	157.0 a

	
	4
	108.3 c
	80.00 c
	100.0 d
	132.3 d
	52.00 e
	141.6 b

	
	5
	98.30 c
	71.00 d
	68.00 f
	112.5 e
	45.50 e
	125.0 c

	
	6
	51.50 e
	---
	---
	73.00 g
	---
	92.00 d

	Secondary tiller
	
	
	
	
	
	

	
	1
	102.6 c
	63.40 e
	87.30 e
	108.0 e
	101.6 c
	118.2 c

	
	2
	86.30 d
	56.80 e
	56.50 g
	93.30 f
	82.40 d
	118.4 c

	
	3
	52.7 e
	---
	42.66 h
	74.00 g
	33.50 f
	86.80 d

	
	4
	---
	---
	---
	56.00 h
	---
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	---*
	31.00 i
	---*
	18.50 g
	---*

	
	2
	---
	---
	---
	---
	---
	---


* immature grain during harvest; In a column figures having same letter (s) do not differ significantly at P ≤ 0.05





Table 47. Thousand-grain weight (g) of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Main tiller
	23.75 a
	27.65 a
	24.40 a
	24.80 ab
	22.30 a
	21.20 a

	Primary tiller
	
	
	
	
	
	

	
	1
	23.65 ab
	27.50 a
	24.35 a
	25.00 a
	22.30 a
	21.20 a

	
	2
	23.75 a
	27.30 ab
	24.00 ab
	24.80 ab
	22.40 a
	21.15 a

	
	3
	22.85 c
	26.90 b
	23.85 b
	24.70 ab
	21.90 c
	21.10 a

	
	4
	22.75 cd
	27.50 a
	23.85 b
	25.00 a
	21.80 c
	21.10 a

	
	5
	22.10 de
	26.75 b
	23.35 c
	24.80 ab
	22.00 bc
	21.12 a

	
	6
	21.55 f
	---
	---
	24.79 ab
	---
	21.12 a

	Secondary tiller
	
	
	
	
	
	

	
	1
	23.20 bc
	26.85 b
	24.40 a
	24.70 ab
	22.25 ab
	21.00 ab

	
	2
	22.30 d
	25.80 c
	23.50 c
	25.00 a
	22.15 b
	20.70 b

	
	3
	22.03 e
	---
	22.87 d
	24.00 b
	21.57 cd
	20.60 b

	
	4
	---
	--
	---
	22.14 c
	---
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	---*
	18.87 e
	---*
	21.27 d
	---*

	
	2
	---
	---
	---
	---
	---
	---


* immature grain during harvest; In a column figures having same letter (s) do not differ significantly      at P ≤ 0.0






Table 48. Grain weight plant-1 (g) of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Main tiller
	3.32 a
	2.82 a
	3.62 a
	4.00 a
	3.20 a
	3.63 a

	Primary tiller
	
	
	
	
	
	

	
	1
	2.98 ab
	2.78 a
	3.43 ab
	3.67 ab
	3.25 a
	3.45 ab

	
	2
	2.79 bc
	2.60 ab
	3.20 b
	3.67 ab
	2.91 ab
	3.35 bc

	
	3
	2.54 c
	2.32 bc
	2.62 c
	3.41 b
	2.53 bc
	3.24 cd

	
	4
	2.25 d
	2.05 c
	1.83 e
	3.27 c
	1.38 e
	2.87 d

	
	5
	2.09 ef
	1.63 d
	0.95 f
	2.72 de
	1.01 f
	2.39 e

	
	6
	1.11 g
	---
	---
	1.71 g
	---
	1.78 f

	Secondary tiller
	
	
	
	
	
	

	
	1
	2.43 cd
	2.00 c
	2.10 de
	2.34 e
	2.35 c
	2.43 e

	
	2
	1.89 f
	1.23 e
	1.27 f
	2.08 f
	1.85 d
	1.91 f

	
	3
	1.16 g
	---
	---
	1.67 g
	0.72 g
	0.77 f

	
	4
	---
	---
	---
	1.04 h
	
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	---*
	0.43 g
	---
	0.48 h
	---*

	
	2
	---
	---
	---
	---
	---
	---


   * immature grain during harvest; In a column figures having same letter (s) do not differ significantly      at P ≤ 0.0





Table 49. Variation in harvest index of different tillers in six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	
	%

	Main tiller
	51.15 a
	49.21 a
	56.83 a
	50.37 a
	55.46 a
	54.02 a

	Primary tiller
	
	
	
	
	
	

	
	1
	50.42 a
	48.69 a
	56.04 a
	50.07 a
	56.82 a
	52.70 a

	
	2
	51.00 a
	49.52 a
	57.04 a
	50.00 a
	56.07 a
	52.92 a

	
	3
	50.59 a
	49.89 a
	53.80 ab
	50.29 a
	52.82 ab
	54.73 a

	
	4
	49.23 a
	47.56 ab
	50.97 b
	51.66 a
	49.11 bc
	55.94 a

	
	5
	49.64 a
	46.84 b
	41.15 c
	50.56 a
	46.98 c
	55.32 a

	
	6
	44.22 b
	---
	---
	46.47 b
	---
	54.60 a

	Secondary tiller
	
	
	
	
	
	

	
	1
	51.92 a
	46.84 b
	51.34 b
	49.98 a
	53.62 ab
	54.85 a

	
	2
	49.73 a
	44.40 b
	45.36 c
	51.49 a
	51.68 b
	54.11 a

	
	3
	46.21 b
	---
	---
	50.30 a
	47.37 c
	37.93 b

	
	4
	---
	--
	---
	43.70 b
	---
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	---*
	38.74 d
	---*
	40.34 d
	---*

	
	2
	---
	---
	---
	---
	---
	---


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
Grain sterility in relation to dry mass production and distribution in Boro rice
The experiment was conducted at BINA HQs farm during Boro season of 2015-16 to assess grain sterility in relation to dry mass production and distribution in rice. Three advanced mutants [B-10, B-11 and RM-40 (C)-1-1-10] and three varieties (Binadhan-5, Binadhan-14 and BRRI dhan29) were taken as tested planting material. The experiment was conducted in randomized complete block design with three replicates. The unit plot size was 3m × 3m with plant spacing 20cm × 15cm. The recommended doses of fertilizers were applied and other cultural practices were followed for normal plant growth and development. At harvest, dry mass production was taken from five randomly selected hills of each plot. Then the selected hills were separated to main, primary, secondary and tertiary tillers and oven dried at 80 0C for 72 hours. At harvest, 5 hills plot-1 uprooted and separated to main tiller, primary, secondary and tertiary tillers, and grain yield and yield related parameters of each tiller (consider as plant) was recorded. The collected data were analyzed statistically. 
Results indicated that Binadhan-5 produced the highest dry mass plant-1 followed by BRRI dhan29 (Table 50). The lower dry mass production was recorded in B-11 and Binadhan-14. Considering tiller type and position, main tiller produced highest dry mass plant-1 followed by primary, secondary and tertiary tillers. Results further indicated that dry mass decreased with increasing tillering position in all types of tillers.
The production of filled grains plant-1 was the highest in main tiller followed by primary, secondary and tertiary tillers (Table 51). Results further indicated that number of filled grains plant-1 decreased with increasing tillering position of primary, secondary and tertiary tillers. Considering percent unfilled grains over total grains, result indicated that number of unfilled grains increased with increasing tiller position of primary, secondary and tertiary tillers (Table 51). The highest proportion of unfilled grains was observed in tertiary tillers followed by secondary and primary tillers in all varieties. Grain size did not significantly reduce in all primary tillers and secondary tiller-1 and 2 of long durated two varieties, Binadhan-5 and BRRI dhan29 whereas in short durated plants, the grain size reduced significantly after primary tiller-2 (except secondary tiller-1) (Table 53). Harvest index did not significantly reduce by tillering position until primary tiller-5 and secondary tillers-1&2 in three long durated rice genotypes, B-10, Binadhan-5 and BRRI dhan29 (Table 55). In short durated rice varieties, harvest index significantly reduce after primary tiller-3 and all secondary and tertiary tillers. In tertiary tillers, HI decreased drastically. 
The highest grain weight was recorded in main tiller followed by primary tiller-1 and so on (Table 54). Results indicated that grain weight decreased with increasing tillering position of primary, secondary and tertiary tillers. However, grain weight did not significantly reduce until primary tiller-2 of all genotypes. Among the tiller type, the higher grain yield plant-1 was observed in primary branch followed by secondary and tertiary tillers. Among the varieties, the highest grain weight plant-1 was recorded in Binadhan-5 followed by BRRI dhan29. The lowest grain weight hill-1 was recorded in B-11. 
Considering percent unfilled grains of the total grains, the unfilled grain was strongly and negatively correlated with dry mass production (Table 52). In crux, up to primary tiller-3 is good for plant growth and development thereby getting desirable grain yield with less grain sterility and higher harvest index. The secondary and tertiary tillers are undesirable for getting higher grain yield of rice. 
Table 50. Total dry mass plant-1 (g) at harvest of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position 
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Main tiller
	6.49 a
	5.74 a
	6.37 a
	7.74 a
	5.77 a
	6.72 a

	Primary tiller
	
	
	
	
	
	

	
	1
	5.81 b
	5.71 a
	6.12 a
	7.33 ab
	5.72 a
	6.54 ab

	
	2
	5.47 bc
	5.25 b
	5.61 b
	7.34 ab
	5.19 b
	6.33 bc

	
	3
	5.02 cd
	4.65 c
	4.87 c
	6.78 c
	4.79 c
	5.92 c

	
	4
	4.57 de
	4.31 d
	3.59 e
	6.33 cd
	2.81 f
	5.13 d

	
	5
	4.21 ef
	3.48 e
	2.26 g
	5.38 e
	2.15 g
	4.32 e

	
	6
	2.51 g
	---
	---
	3.68 h
	---
	3.26 f

	Secondary tiller
	
	
	
	
	
	

	
	1
	4.68 d
	4.27 d
	4.09 d
	4.70 f
	4.38 d
	4.43 e

	
	2
	3.80 f
	2.77 f
	2.80 f
	4.04 g
	3.58 e
	3.53 f

	
	3
	2.51 g
	--
	---
	3.32 h
	1.52 h
	2.03 g

	
	4
	--
	--
	---
	2.38 i
	---
	0.89 h

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	0.79 g
	1.11 h
	0.91 j
	1.19 i
	0.82 h

	
	2
	---
	--
	---
	--
	---
	---


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05 




Table 51. Variation in filled and unfilled grains number panicle-1 of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	
	Filled grains (no)
	Unfilled grains (no)
	Filled grains (no)
	Unfilled grains (no)
	Filled grains (no)
	Unfilled grains (no)
	Filled grains (no)
	Unfilled grains (no)
	Filled grains (no)
	Unfilled grains (no)
	Filled grains (no)
	Unfilled grains (no)

	Main tiller
	138.3 a
	15.7 b
	100.3a
	33.3 c
	160.7 a
	29.0 c
	170.0a
	9.00 b
	146.0a
	12.3 e
	165.3a
	23.3 d

	Primary tiller
	
	
	
	
	
	
	
	
	
	
	

	
	1
	124.0ab
	16.3 b
	99.70a
	41.3 b
	155.0ab
	32.6 b
	165.0ab
	6.00 c
	145.0 a
	12.3 e
	162.7 a
	27.6 cd

	
	2
	106.7bc
	11.3 c
	92.33b
	36.0 bc
	145.0 b
	34.6 b
	155.3bc
	12.0 ab
	132.0 b
	16.0 d
	159.0 a
	33.0 b

	
	3
	102.3c
	11.0 c
	88.50 b
	22.0 d
	112.3 c
	38.3 a
	142.3cd
	15.0 a
	109.3 c
	16.3 d
	157.0 a
	31.7 bc

	
	4
	108.3c
	8.50 d
	80.00c
	22.0 d
	100.0 d
	39.3 a
	132.3 d
	11.3 ab
	52.00 e
	24.0 c
	141.6 b
	33.0 b

	
	5
	98.30cd
	10.7 cd
	71.00d
	27.0 d
	68.00 f
	28.0 c
	112.5 e
	10.0 b
	45.50 e
	29.0 b
	125.0 c
	41.0 a

	
	6
	51.50e
	11.5 c
	---
	---
	---
	---
	73.00 g
	17.0 a
	---
	
	92.00 d
	24.0 d

	Secondary tiller
	
	
	
	
	
	
	
	
	
	
	

	
	1
	102.6c
	9.80 d
	63.40e
	23.6 d
	87.30 e
	39.5 a
	108.0 e
	10.8 ab
	101.6 c
	28.2 b
	118.2 c
	29.2 c

	
	2
	86.30d
	11.0 c
	56.80e
	27.2 d
	56.50 g
	44.0 a
	93.30 f
	8.25 bc
	82.40 d
	35.8 a
	118.4 c
	33.2 b

	
	3
	52.70e
	31.6 a
	---
	
	42.66 h
	32.0 b
	74.00 g
	7.70 bc
	33.50 f
	33.0 a
	86.80 d
	25.1 d

	
	4
	---
	---
	---
	--
	---
	--
	56.00 h
	15.0 a
	---
	---
	---*
	---

	Tertiary tiller
	
	
	
	
	
	
	
	
	
	
	

	
	1
	---
	---
	---*
	51.0 a
	31.00 i
	26.0 c
	---*
	---
	18.50 g
	18.0 d
	---*
	---

	
	2
	---
	---
	---
	---
	---
	---
	---
	---
	---
	---
	---
	---


 * immature grain during harvest; In a column figures having same letter (s) do not differ significantly at P ≤ 0.05





Table 52. Percent unfilled grain production of the total grains of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	
	%

	Main tiller
	10.19 c
	24.92 cd
	15.29 d
	5.03 cd
	7.77 f
	12.35 f

	Primary tiller
	
	
	
	
	
	

	
	1
	11.62 c
	29.29 b
	17.38 d
	3.51 d
	7.82 f
	14.50 ef

	
	2
	9.58 d
	28.06 b
	19.26 d
	7.17 bc
	10.81 e
	17.19 cd

	
	3
	9.71 d
	19.91 d
	25.43 c
	9.53 b
	12.98 e
	16.80 de

	
	4
	8.28 d
	21.57 d
	28.21 b
	7.87 bc
	31.58 c
	18.90 cd

	
	5
	9.81 d
	27.55 bc
	29.16 b
	8.16 b
	38.93 b
	24.70 a

	
	6
	18.25 b
	---
	---
	18.89 a
	---
	20.70 bc

	Secondary tiller
	
	
	
	
	
	

	
	1
	8.72 d
	27.12 bc
	31.15 b
	9.09 b
	21.72 d
	19.81 bc

	
	2
	11.31 c
	32.38 b
	43.65 a
	8.12 b
	30.29 c
	21.90 ab

	
	3
	37.39 a
	---
	42.84 a
	9.42 b
	49.62 a
	22.43 ab

	
	4
	---
	--
	---
	21.13 a
	---
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	91.07 a
	45.61 a
	---*
	49.31 a
	---*

	
	2
	---
	---
	---
	---
	---
	---



   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05






Table 53. Thousand-grain weight (g) of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Main tiller
	23.75 a
	27.65 a
	24.40 a
	24.80 ab
	22.30 a
	21.20 a

	Primary tiller
	
	
	
	
	
	

	
	1
	23.65 ab
	27.50 a
	24.35 a
	25.00 a
	22.30 a
	21.20 a

	
	2
	23.75 a
	27.30 ab
	24.00 ab
	24.80 ab
	22.40 a
	21.15 a

	
	3
	22.85 c
	26.90 b
	23.85 b
	24.70 ab
	21.90 c
	21.10 a

	
	4
	22.75 cd
	27.50 a
	23.85 b
	25.00 a
	21.80 c
	21.10 a

	
	5
	22.10 de
	26.75 b
	23.35 c
	24.80 ab
	22.00 bc
	21.12 a

	
	6
	21.55 f
	---
	---
	24.79 ab
	---
	21.12 a

	Secondary tiller
	
	
	
	
	
	

	
	1
	23.20 bc
	26.85 b
	24.40 a
	24.70 ab
	22.25 ab
	21.00 ab

	
	2
	22.30 d
	25.80 c
	23.50 c
	25.00 a
	22.15 b
	20.70 b

	
	3
	22.03 e
	---
	22.87 d
	24.00 b
	21.57 cd
	20.60 b

	
	4
	---
	--
	---
	22.14 c
	---
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	---*
	18.87 e
	---*
	21.27 d
	---*

	
	2
	---
	---
	---
	---
	---
	---


* immature grain during harvest; In a column figures having same letter (s) do not differ    significantly      at P ≤ 0.0







Table 54. Grain weight plant-1 (g) of six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	Main tiller
	3.22 a
	2.82 a
	3.62 a
	4.00 a
	3.20 a
	3.53 a

	Primary tiller
	
	
	
	
	
	

	
	1
	2.98 ab
	2.78 a
	3.43 ab
	3.67 ab
	3.25 a
	3.45 ab

	
	2
	2.89 abc
	2.60 ab
	3.20 b
	3.67 ab
	2.91 ab
	3.35 abc

	
	3
	2.54 c
	2.32 bc
	2.62 c
	3.41 b
	2.53 bc
	3.24 cd

	
	4
	2.25 d
	2.05 c
	1.83 e
	3.27 c
	1.38 e
	2.87 d

	
	5
	2.09 ef
	1.63 d
	0.95 f
	2.72 de
	1.01 f
	2.39 e

	
	6
	1.11 g
	---
	---
	1.71 g
	---
	1.78 f

	Secondary tiller
	
	
	
	
	
	

	
	1
	2.43 cd
	2.00 c
	2.10 de
	2.34 e
	2.35 c
	2.43 e

	
	2
	1.89 f
	1.23 e
	1.27 f
	2.08 f
	1.85 d
	1.91 f

	
	3
	1.16 g
	---
	---
	1.67 g
	0.72 g
	0.77 f

	
	4
	---
	---
	---
	1.04 h
	
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	---*
	0.43 g
	---
	0.48 h
	---*

	
	2
	---
	---
	---
	---
	---
	---


   * immature grain during harvest; In a column figures having same letter (s) do not differ significantly      at P ≤ 0.0






Table 55. Variation in harvest index of different tillers in six advanced mutants/varieties grown during Boro season of 2015-16
	
Tiller types & position
	Varieties/mutants

	
	B-10
	B-11
	RM-40(C)-
1-1-10
	Binadhan-5
	Binadhan-14
	BRRI dhan29

	
	%

	Main tiller
	51.15 a
	49.21 a
	56.83 a
	50.37 a
	55.46 a
	54.02 a

	Primary tiller
	
	
	
	
	
	

	
	1
	50.42 a
	48.69 a
	56.04 a
	50.07 a
	56.82 a
	52.70 a

	
	2
	51.00 a
	49.52 a
	57.04 a
	50.00 a
	56.07 a
	52.92 a

	
	3
	50.59 a
	49.89 a
	53.80 ab
	50.29 a
	52.82 ab
	54.73 a

	
	4
	49.23 a
	47.56 ab
	50.97 b
	51.66 a
	49.11 bc
	55.94 a

	
	5
	49.64 a
	46.84 b
	41.15 c
	50.56 a
	46.98 c
	55.32 a

	
	6
	44.22 b
	---
	---
	46.47 b
	---
	54.60 a

	Secondary tiller
	
	
	
	
	
	

	
	1
	51.92 a
	46.84 b
	51.34 b
	49.98 a
	53.62 ab
	54.85 a

	
	2
	49.73 a
	44.40 b
	45.36 c
	51.49 a
	51.68 b
	54.11 a

	
	3
	46.21 b
	---
	---
	50.30 a
	47.37 c
	37.93 b

	
	4
	---
	--
	---
	43.70 b
	---
	---*

	Tertiary tiller
	
	
	
	
	
	

	
	1
	---
	---*
	38.74 d
	---*
	40.34 d
	---*

	
	2
	---
	---
	---
	---
	---
	---


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
Evaluation of same duration Aman rice varieties based on morpho-physiological chriteria
The experiment was conducted with four rice varieties viz., Binadhan-7, Binadhan-17, BRRI dhan33 and BRRI dhan39 at three locations viz., BINA HQs and BINA sub-staions, Ishurdi and Magura to find out the morpho-physiological causes of yield superiority in similar durated rice varieties. The experiment was laid out in a Randomized Complete Block Design (RCBD) with three replications. The unit plot size was 3.0m ×3.0m. The fertilizer application and other intercultural operations were done when needed for ensuring proper growth and development of the rice. For growth parameters, 5 plant samples were collected at 10 days interval starting from 30 DAT until harvest. The data on morphological and yield contributing characters were collected at harvest. 
[image: ]   Fig. 9. Morphological appearance of same duration rice varieties; A: seedling stage,                                      
              B: tillering stage,  C: maturity stage, D: roots (In each picture, from left, the variety    
              sequence is Binadhan-7, Binadhan-17, BRRI dhan33 and BRRI dhan39)
The plant phenotypical development were compared from the vegetative to the maturity stage (Fig. 9). At the seedling stage, the Binadhan-17 and BRRI dhan39 displayed reduced plant height but at tillering stage showed similar plant height (Fig. 9). At maturity, BRRI dhan33 and BRRI dhan39 were taller than Binadhan-7 and Binadhan-17 (Fig 11 (A), Table 56). Binadhan-17 exhibited the lowest plant height (Fig 11 (A), Table 56). The long and numerous roots were produced by Binadhan-7 and BRRI dhan33 (Fig. 9). Binadhan-7 showed an increased tiller number hill-1 (Fig. 10, Table 56). The tiller production increased with age until 43 DAT followed by plateau (Fig. 10). 
Table 56: Variation in morpho-physiological characters of similar durated four rice varieties
	Variety Name
	Plant height (cm)
	Total tillers hill-1 (no.)
	Effective tillers hill-1 (no.)
	Grain yield m-2 (g)
	Straw yield m-2 (g)
	Harvest index (%)

	Binadhan-7
	94.06 b
	10.59a
	9.58a
	422b
	523c
	44.66a

	Binadhan-17
	89.11c
	9.58b
	8.41b
	502a
	585ab
	46.18a

	BRRI dhan33
	102.6a
	7.74c
	7,37b
	483a
	577b
	45.57a

	BRRI dhan39
	103.7a
	8.99b
	8.12 b
	420b
	610a
	40.78b

	CV%
	3.38
	10.94
	12.96
	4.70
	5.15
	7.31


Same letter (s) in a column, do not differ significantly at P ≤ 0.05

[image: ]
Fig.10. Ontogenetic tillering pattern of four rice varieties
[image: ]   Fig.11. Internodes elongation patterns; (A) schematic representation of the upper five internodes  
                of four rice varieties, (B) relative contribution of each internode to the total culm length. 

[image: ]
    Fig.12. Chlorophyll content and photosynthetic rate in leaves at different growth stages of    
                four rice varieties

All internodes of culm were evenly shortened over the four varieties but the 2nd internode was mostly shortened in Binadhan-7 (Fig. 11). 
The variation in chlorophyll content in leaves at different growth stages was significant but photosynthesis rate was insignificant (Fig. 12). The highest Chlorophyll content in leaves was observed in Binadhan17 at all growth stages. The Binadhan-7 had the lowest chlorophyll content in leaves at all growth stages.
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Fig 13. Variation in vascular bundle number of stem in similar durated four rice varieties
             A: Binadhan-7, B: Binadhan-17, C: BRRI dhan33 and D: BRRI dhan39
[image: ]
    Fig.14.  Variation in large vascular bundle of similar durated four rice varieties (the vascular bundle count under microscopic observations)
Table 57: Comparison of flag leaf in similar durated four rice varieties
	Variety
	Leaf angle (0)
	Leaf length (cm)
	Leaf width (cm)

	Binadhan-7
	  9.33
	39.28 bc
	1.09 b

	Binadhan-17
	10.00
	48.07 a
	1.38 a

	BRRI dhan33
	  9.83
	37.18 c
	1.48 a

	BRRI dhan39
	  9.8
	40.76 b
	1.38 a

	CV%
	  3.73
	  2.67
	           5.79


In a column figures having same letter (s) do not differ significantly at P ≤ 0.05


[image: ]
Fig. 15. Morphological characterizations of flag leaf; (A): leaf length (B): leaf width
             (In each picture, from left, the variety sequence is Binadhan-7, Binadhan-17,
              BRRI dhan33 and BRRI dhan39)

Binadhan-17 produced the longest leaf comparing to other varieties [Fig. 15 (A), Table 57). The narrower leaves were observed in Binadhan-7 whereas broadest leaf was observed in BRRI dhan33 (Fig. 15 (B), Table 57). Leaf angle was statistically similar in all varieties (Table 57).
The vascular bundle system of the culms in dwarf plants provides stronger mechanical support.  Microscopic observation of cross-sections demonstrated that increase number of large vascular bundles was observed in larger diameters of the 1st internodes and pith cavity.  Binadhan-17 produced the highest number of large vascular bundle followed by BRRI dhan33 and the lowest was recorded in Binadhan-7 (Figs. 13 and 14).
Table 58: Yield and yield contributing characters of four similar durated rice varieties
	Varieties
	Panicle Length (cm)
	Grains
panicle-1
	Unfilled grains
panicle-1
	1000- seed weight (g)
	Seed yield (t ha-1)
	Mean

	
	
	
	
	
	Mymen-singh
	Ishurdi
	Magura
	

	BINAdhan-7
	24.37b
	122.1c
	20.89c
	21.72c
	3.90b
	4.77c
	3.99b
	4.22c

	BINAdhan-17
	22.86c
	175.2a
	26.89b
	20.28d
	4.17ab
	6.17a
	4.73a
	5.02a

	BRRIdhan33
	25.38ab
	136.3b
	36.00a
	24.10a
	4.33a
	5.57b
	4.60a
	4.83b

	BRRIdhan39
	26.47a
	143.4b
	35.56a
	23.11b
	4.16ab
	4.97c
	3.47c
	4.20c

	CV%
	4.82
	7.83
	11.07
	4.44
	4.70
	5.10
	6.54
	5.45


In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
BRRI dhan39 produced the longest panicle and the shortest was recorded in Binadhan-17. Besides, Binadhan-17 had higher number of branches in rachis than other three varieties (Figs. 16 and 17, Table 58). Binadhan-17 also showed the highest grain yield at all three locations due to production of increased number of grains panicle-1 (Table 58). On the other hand, Binadhan-7 produced the lowest number of rachis branches and also showed lower grain yield due to production of lower number of grains panicle-1. This result indicates that for getting higher number of grains panicle-1, need increase number of primary and secondary branches of rachis. 
[image: ]
Fig.16. Panicle architectures; A: Binadhan-7, B: Binadhan-17, C: BRRI dhan33, D: BRRI dhan39 and E: Primary and secondary branches
[image: ]
Fig. 17. Comparison of primary and secondary branches of rachis in four rice varieties

[image: ]
                   Fig.18. Relationship between total dry mass and grain weight per plant
	
Result indicated that grain yield was strongly correlated with dry matter production i.e. grain yield increased with increasing of total dry matter production (Fig. 18). 
In crux, plants with higher chlorophyll content, photosynthesis rate, increase number of vascular bundles and larger flag leaf had shown increased number of primary and secondary branches of rachis, resulted in increased number of grains in the panicle that ultimately improved the grain yield. Binadhan-17 had the above yield contributing criteria and gave higher grain yield.






SOIL SCIENCE DIVISION

Research Highlights

The study on soil characterization and assessment of land degradation situation revealed the variations in soil properties and location-specific increase or decrease in the particle size distribution (sand, silt and clay), soil pH, total carbon, total N and exchangeable cation (Ca, K and Na) contents in the soils of Northern and Eastern Piedmont Plain, Old Brahmaputra Floodplain and Madhupur Tract during the period between 1960s and 2016.

The treatments were identical except control (no organic matter added) which ensured that organic matter could play an important role and attributed to increase soil fertility and crop productivity. The combinations of organic fertilizers were very useful to produce higher yield of   Mustard - T.aus - T.aman cropping pattern.

The soil characters varied among the soils of different blocks might be due to the local differences in micro-topographic variations and soil characteristics, changes in cropping systems (e.g. crop types, fertilization, irrigation, etc.) and other management practices in different blocks of the BINA substation farm at Nalitabari, Sherpur.

The extractable soil P depends with different methods and extractant used values ranged from 6-38 ppm. Dry matter yields were markedly influenced by increasing levels of phosphorus fertilizer, which indicated that plant growth was encouraged by P application.

Suitable management practices of saline soil would be very crucial for crop production and combination of organic manure and chemical fertilizers was found to be better for higher crop production. From the result, it may be concluded that the treatment T5 (NPK+ Gypsum in three split + CD) appears to be the best, which produced the highest yield of Binadhan-8 in saline area of Bangladesh.

Industrially polluted areas soil was contaminated with heavy metal concentration. Soil sample collected from the industrially polluted areas observed that Zn, Fe and S content was very high while the Pb and Cd content were not exceed the permissible limit within the study area.

Result revealed that the response of individual element N120P36K72S36Zn2B1 kg/ha fertilizer may be recommended for obtained the highest yield of Binasharisha-10 at Nalitabari, Sherpur. Further investigation is necessary for Boro and T.aman rice for recommendation.

Results demonstrate that the economic doses for optimum crop production for T. Aus and T. Aman rice in drought prone area T. Aus and T. Aman rice experiment with four Nerica rice mutants [N4/350/P-4(5), N4/250/P-5(4), N4/250/P-1(2) & N4/250/P-2 (6)] showed remarkable yield variation due to lower doses (N100P18K50S12Zn2B1) of fertilizer applied compared to higher doses (N130P24K65S16Zn2B1) of fertilizer application. The optimum and economic doses of nutrients may be recommended as N100P18K50S12Zn2B1 kg ha-1 in T. Aus and T. Aman rice mutants. 

From a field experiment, one Bradyrhizobium isolate was found be effective on growth, nodulation and yield of soybean.

A number of 430 strains were isolated and characterized from 13 pulse, oil seed and vegetable crops for development of efficient biofertilizer.

Six hundred fifty two kg biofertilizers were produced and distributed to the farmers and other users

Soil test kit can easily supply to farmers and this kit will help to determine optimum fertilizer dose for rice production.
In respect of organic residue, no organic residue treated plot produced the maximum grain yield of rice. Based on these results, it may be concluded that 125% urea can supply sufficient nitrogen for well decompose organic residue F1T0 produced the maximum grain yield of rice.

From Mass Balance Model using the total 137Cs inventory for different landscape position and the reference site, the estimated erosion/deposition rates revealed that soil eroded from summit (2.32 t ha-1 yr-1) and deposited on middle slope (2.29 t ha-1 yr-1), lower slope (7.59 t ha-1 yr-1), and bottom slope (11.12 t ha-1 yr-1). 
The highest crop yield of Boro - T.aman – Mungbean pattern was found using Zn, B and Mo @ 2, 1 and 1 kg ha-1 yr-1 in the first crop along with recommended dose of N, P, K and S fertilizers

From the experiment performed on wheat cultivation, the observed yields were obtained along with other necessary field data. Using the data, analysis of AquaCrop model performed on wheat yields. The observed and model simulated yields were close matches which indicates the success of this experiment and also the accuracy of the AquaCrop model in simulating wheat yields in different field and management conditions. If calibrated and validated properly, the model can simulate yields of other dry season crops in the saline condition of coastal areas like Bangladesh with variable soil, climatic and hydrological conditions. 
















Assessment of physicochemical characters and land degradation situation of selected soils from Northern and Eastern Piedmont Plain, Brahmaputra Floodplain and Madhupur Tract 

A study was initiated to evaluate the changes in soil characters over time for the assessment of land degradation situation in Bangladesh. The study was based on those soils of the selected sampling sites of Ali et al. (1997) and RSS (1963-75). Based on those previous sites, soil samples from the same sites/series were collected during January, 2016. Some selected soil samples were collected from North and Eastern Piedmont Plain, Old Brahmaputra Floodplains and Madhupur Tract areas and a brief description of the soils are presented in Table 1. The collected soil sample were dried at room temperature, grinded and sieved with a 10 mm sieve. Then the prepared samples were preserved in polythene bags after labeling for laboratory analysis. The soil samples were analysed for physico-chemical characteristics e.g particle size distribution (sand, silt and clay contents), soil pH, organic carbon, total N and exchangeable cations (Ca, K, Na) contents. The soil samples were analyzed following standard method, viz. particle size distribution by a hydrometer and soil pH by glass electrode pH meter, organic carbon by wet oxidation and total nitrogen by Kjeldal method and exchangeable cations e.g. calcium, potassium and sodium were determined by ammonium acetate extraction method.

Table 1. Description of the soils in terms of morphology and land uses

	Soil series/Location
	Agro-ecological Zones
	Land type
	Present land use

	Jhinaigati, Haluaghat, 
Mymensingh
	North and Eastern Piedmont Plain (AEZ 22)
	Highland
	Rabi/F-Taus-T.aman

	Nalitabari, Dumniura, Haluaghat, Mymensingh
	,,
	Medium Highland
	T.aus-T.aman

	Gouripur, Malailakanda,
Mymensingh
	Old Brahmaputra Floodplain (AEZ 9)
	Medium Highland
	Boro-Taman

	Iswarganj, Birpanchasi, Mymensingh
	,,
	Medium Highland
	Boro-Taman

	Belabo 
Suaitpur, Anayetpur, Fulbaria, Mymensingh
	Madhupur Tract
(AEZ 28)

	Highland
	Spices/vegetables/Sal forest

	Kalma
Betbaria, Anayetpur, Fulbaria, Mymensingh
	,,
	Highland
	Vegetables/T.aus-T.aman



The data on particle size distribution (sand, silt and clay contents), soil pH, organic carbon, total N and exchangeable cation (Ca, K and Na) contents of 1960s and 2016 are reported for characterization of soils and to observe the changes whether the land have undergone any degradation during the period between 1960s and 2016. The range of soil characters are presented in Table 2.

Table 2. Ranges of some selected characters of surface soil under study.

	Soil characters
	Range

	Sand (%)
Silt (%)
Clay (%)
pH
Total C (%)
Total N (%)
Avail-P (ppm)
Avail-S (ppm)
Exch. Ca (me%)
Exch. K (me%)
Exch. Na (me%)
	24.6-67.5
22.7-62.0
9.8-24.0
5.06 - 5.66
0.89 - 1.32
0.057 - 0.124
2.00 -10.6
9.84 – 18.04
1.28 - 4.26
0.084 - 0.12
0.202 - 0.318



Changes in particle size distribution 

Table 2 showed the particle size distribution (sand, silt and clay contents) of the studied soils during the period of 1960s and 2016. Changes in the particle size distribution showed decline in the silt and/or clay contents in favour of the sand contents in most of the soil profiles except Jhinaighati and Ishwarganj series during the period between 1960s and 2016 (Table 3).  The variations in the soil characters during the period 1960s and 2016 within the studied soils might be due to local soil characteristics, changes in cropping and other anthropo-pedogenic process in the farming communities. 

Table 3. Changes in sand, silt and clay content in different soils during the period between 1960s and 2016

	Soil series/Location
	Depth (cm)
	%Sand
	%Silt
	%Clay

	
	
	1960s
	2016
	1960s
	2016
	1960s
	2016

	Jhinaigati, Haluaghat, 
Mymensingh
	0-12
	74.1
	67.5
	16.1
	22.7
	9.8
	9.8

	
	12-26
	72.0
	54.5
	16.1
	28.7
	11.9
	7.8

	
	26-40
	49.9
	47.2
	29.3
	27.4
	20.8
	25.4

	
	40-57
	28.8
	47.2
	40.1
	20.4
	31.1
	32.4

	Nalitabari, Dumniura, Haluaghat, Mymensingh
	0-8
	19.0
	34.7
	61.0
	58.5
	20.0
	24.0

	
	8-13
	17.0
	22.7
	58.0
	55.2
	25.0
	22.3

	
	13-20
	10.0
	19.4
	47.0
	51.3
	43.0
	29.3

	Gouripur, Malailakanda,
Mymensingh
	0-15
	40.5
	42.8
	35.5
	34.0
	24.0
	22.7

	
	15-25
	12.0
	36.8
	32.0
	32.0
	56.0
	31.2

	
	25-50
	8.0
	40.8
	38.0
	36.0
	54.0
	23.2

	Iswarganj, Birpanchasi, Mymensingh
	0-9
	46.0
	48.8
	40.0
	34.0
	14.0
	17.2

	
	9-13
	47.0
	52.8
	39.0
	33.0
	14.0
	14.2

	
	13-20
	50.0
	45.8
	42.0
	38.0
	8.0
	16.2

	
	20-37
	53.0
	46.8
	55.0
	38.0
	12.0
	15.2

	Belabo 
Suaitpur, Anayetpur, Fulbaria
	0-12
	38.0
	46.6
	45.0
	42.0
	17.0
	11.4

	
	12-35
	38.0
	44.6
	35.0
	25.0
	27.0
	31.4

	
	35-50
	37.0
	45.6
	32.0
	28.0
	31.0
	36.4

	
	50-62
	30.0
	38.9
	30.0
	22.0
	40.0
	39.1

	Kalma
Betbaria, Anayetpur, Fulbaria
	0-10
	22.0
	24.6
	64.0
	62.0
	14.0
	15.4

	
	10-15
	24.0
	27.4
	62.0
	58.6
	14.0
	14.0

	
	15-27
	23.0
	29.1
	60.0
	51.9
	17.0
	19.0

	
	27-46
	22.0
	34.1
	61.0
	35.9
	17.0
	30.0



Changes of soil pH, organic carbon and total N contents

The pH values of the soils were slightly acidic to moderately acidic in reaction and the pH values varied from 5.06 to 5.66 in the surface soils during the period 2016. The total carbon and total nitrogen contents varied from 0.89 to 1.32% and 0.057 to 0.124%, respectively. From Table 4, soil pH values showed declining trend in all of the studied soils except Nalitabari and Kalma series which showed an increasing trend. Total carbon and total nitrogen contents showed an increase in all the sampled soil series except a decline in soils of Gouripur and Ishwarganj series during the period of 2016. The differential changes in total carbon and total nitrogen of different soils were mainly due to the local differences of the farm management practices in the study areas.

Table 4. Changes in soil pH, organic C and total N in different soils during the period between 1960s and 2016
	Soil series/location
	Depth (cm)
	pH
	Total C (%)
	Total N (%)

	
	
	1960s
	2016
	1960s
	2016
	1960s
	2016

	Jhinaigati, Haluaghat, 
Mymensingh
	0-12
	5.20
	5.06
	0.51
	0.89
	0.052
	0.057

	
	12-26
	5.47
	4.94
	0.43
	0.75
	0.045
	0.049

	
	26-40
	5.08
	4.86
	0.42
	0.60
	0.038
	0.043

	
	40-57
	5.04
	4.99
	0.46
	0.56
	0.058
	0.037

	Nalitabari, Dumniura, Haluaghat, Mymensingh
	0-8
	5.00
	5.24
	1.06
	1.36
	0.110
	0.124

	
	8-13
	5.00
	5.12
	0.93
	1.08
	0.110
	0.106

	
	13-20
	5.20
	5.04
	0.58
	0.74
	0.100
	0.084

	Gouripur, 
Mymensingh
	0-15
	6.95
	5.21
	1.00
	1.16
	0.100
	0.080

	
	15-25
	7.30
	6.24
	0.71
	0.67
	0.060
	0.054

	
	25-50
	7.20
	6.18
	0.73
	0.48
	0.100
	0.048

	Iswarganj, Birpanchasi, Mymensingh
	0-9
	5.7
	5.40
	0.90
	0.82
	0.070
	0.058

	
	9-13
	6.5
	6.21
	0.54
	0.40
	0.070
	0.042

	
	13-20
	6.9
	6.28
	0.20
	0.34
	0.030
	0.036

	
	20-37
	7.0
	6.66
	0.23
	0.18
	0.030
	0.034

	Belabo 
Suaitpur, Anayetpur, Fulbaria
	0-12
	5.40
	5.14
	0.84
	1.32
	0.070
	0.110

	
	12-35
	5.20
	5.02
	0.67
	0.80
	0.040
	0.071

	
	35-50
	5.20
	5.08
	0.39
	0.64
	0.040
	0.056

	
	50-62
	5.40
	5.24
	-
	0.44
	-
	-

	Kalma
Betbaria, Anayetpur, Fulbaria
	0-10
	5.10
	5.65
	0.74
	1.20
	0.080
	0.110

	
	10-15
	5.30
	5.84
	0.66
	0.84
	0.060
	0.76

	
	15-27
	5.50
	6.49
	0.44
	0.58
	0.040
	0.042

	
	27-46
	5.50
	7.14
	0.28
	0.44
	0.020
	-




Changes in exchangeable cation (Ca, K and Na) contents

From Table 5, the exchangeable calcium, potassium and sodium contents in the surface soils ranged from 1.28 to 4.26, 0.084 to 0.12 and 0.202 to 0.318 me% respectively during the period 2016. Table 5 showed an increase in exchangeable cation (Ca, K and Na) contents of the Jhinaigati series and a decrease in the Gouripur series under study during the period between 1960s and 2016. Exchangeable cation contents showed increase or decrease depending on sampling sites and depth of sampling during the period between 1960s and 2016 (Table 5). 

Conclusion

The study on soil characterization and assessment of land degradation situation revealed the variations in soil properties and location-specific increase or decrease in the particle size distribution (sand, silt and clay), soil pH, total carbon, total N and exchangeable cation (Ca, K and Na) contents in the Northern and Eastern Piedmont Plain, old Brahmaputra Floodplain and Madhupur Tract during the period between 1960s and 2016. The variations in the soil characters within the studied soils might be due to the local differences in soil characteristics and soil sampling, changes in cropping systems (e.g. crop types, cropping intensity, fertilization, irrigation, etc.) and other management practices in the farming communities. 

Table 5. Changes in exchangeable Ca, K and Na content (me%) in different soils during the period between 1960s and 2016

	Soil series/location
	Depth (cm)
	Exchangeable Ca
	Exchangeable K
	Exchangeable Na

	
	
	1960s
	2016
	1960s
	2016
	1960s
	2016

	Jhinaigati, Haluaghat, 
Mymensingh
	0-12
	0.20
	2.16
	0.040
	0.108
	0.100
	0.202

	
	12-26
	1.44
	2.38
	0.077
	0.084
	0.213
	0.236

	
	26-40
	1.44
	3.52
	0.096
	0.082
	0.092
	0.214

	
	40-57
	1.67
	3.13
	0.140
	0.088
	0.124
	0.230

	Nalitabari, Dumniura, Haluaghat, Mymensingh
	0-8
	3.10
	3.50
	0.150
	0.138
	0.170
	0.210

	
	8-13
	1.60
	3.38
	0.070
	0.117
	0.150
	0.236

	
	13-20
	4.10
	4.72
	0.110
	0.164
	0.230
	0.240

	Gouripur, 
Mymensingh
	0-15
	6.3
	2.68
	0.100
	0.084
	0.420
	0.280

	
	15-25
	12.8
	5.14
	0.080
	0.068
	0.340
	0.240

	
	25-50
	12.1
	6.52
	0.060
	0.064
	0.370
	0.260

	Iswarganj, Birpanchasi, Mymensingh
	0-9
	6.3
	4.26
	0.050
	0.120
	0.140
	0.220

	
	20-37
	8.9
	9.42
	0.180
	0.170
	0.360
	0.280

	Belabo 
Suaitpur, Anayetpur, Fulbaria
	0-12
	2.02
	1.86
	
	0.130
	
	0.218

	
	12-35
	1.23
	0.84
	
	0.110
	
	0.280

	
	35-50
	
	
	
	0.110
	
	0.318

	
	50-62
	
	
	
	0.110
	
	0.218

	Kalma
Betbaria, Anayetpur, Fulbaria
	0-10
	1.21
	1.28
	
	0.100
	
	0.318

	
	10-15
	
	
	
	0.070
	
	0.239

	
	15-27
	2.04
	1.86
	
	0.080
	
	0.318

	
	27-46
	1.62
	2.34
	
	0.060
	
	0.297

	
	
	
	
	
	
	
	




Field trials with Mustard- T.aus -T.aman cropping pattern for sustaining soil fertility and crop productivity

A field study was initiated at BINA sub-station farm Rangpur from Rabi season of 2014. Different field experiments were conducted to observe the effect of different organic matter on the soil fertility and crop productivity. The initial soil data of the experimental site was shown earlier. There were six treatments (T1 = control, T2 = 10 tha-1 cowdung, T3= 5 tha-1 poultry manure, T4= 3 tha-1 rice straw + 3 tha-1 poultry manure, T5=3 tha-1 sawdust + 3 tha-1 poultry manure, T6= 5 tha-1 literfall + 5 tha-1 cowdung) for the first crop. The experiment was laid out in a RCBD (Randomized Complete Block Design) with three replications. The unit plot size of the experiment was 5×4m. The land was prepared properly as per crop requirement before setting up of the experiments of every crop. Organic materials were applied before final land preparation before setting up of the first experiment of the cropping pattern. Fifty percent of the recommended N, P, K and S fertilizers were applied in all plots. All TSP, MP and Gypsum were applied during final land preparation and thoroughly incorporated into the soil. Urea was applied in two equal splits as broadcast and incorporated with soil. Weeding, spraying and irrigation were done whenever necessary. The lands were prepared properly as per crop requirement before setting up of the experiments of every crop. Thirty five days old seedlings of T.aman (Binadhan-7) was transplanted on 7 August 2015 and harvested on 16 November 2015. The mustard (Binashsrisha-10) was sown on 4 December 2015 and harvested on 2 March 2016. Thirty five days old seedlings of T.aus rice (Binadhan14) was transplanted on 14 March 2016 and harvested on 1 June 2016. The yields were harvested after maturity.  Total of the mungbean residues and 25-50% of the some other crop residues were chopped and incorporated in the experimental plots. The recorded data of crops were statistically analyzed to find out the significance of variance and the mean differences were adjudged by Duncan's Multiple Range Test (Gomez and Gomez, 1984).

 (a) T.aman rice (Binadhan-7)
The yield of T.aman rice was significantly influenced by the different treatment combinations (Table 6). The grain yield ranged from 3.90 to 4.93 t ha-1. The highest yield (4.93 t ha-1) was found in the treatment T4 (3 tha-1 rice straw + 3 tha-1 poultry manure) and the lowest yield (3.90 t ha-1) observed in the treatment T1 (Control). The straw yield ranged from 4.90 to 6.73 t ha-1. The highest straw yield (6.73 t ha-1) was recorded in the treatment T4 (3 tha-1 rice straw + 3 tha-1 poultry manure) and the lowest was obtained from the treatment T1. All the treatments were identical except control. The results indicate that the combination of organic matters is very useful to produce higher yield of T.aman rice.

Table 6. Effects of organic matters in T.aman rice (Binadhan 7) during 2015

	Treatment
	Plant height (cm)
	Panicle length (cm)
	Tiller hill-1
	1000 seed weight (gm)
	Grain weight (tha-1)
	Straw weight (tha-1)

	 T1
	89.0
	22.3 b
	11.9
	23.10
	3.90b
	4.90c

	 T2
	92.1
	22.8 ab
	12.5
	23.82
	4.45a
	6.27ab

	 T3
	90.0
	23.5ab
	14.6
	23.67
	4.73a
	6.06b

	 T4
	92.3
	24.3a
	12.7
	23.86
	4.93a
	6.73a

	 T5
	91.8
	23.9a
	12.5
	23.18
	4.73a
	6.20ab

	 T6
	92.0
	23.4ab
	13.4
	23.75
	4.50a
	5.97b

	CV (%)
	NS
	3.54
	NS
	NS
	6.69
	5.77




 (b) Mustard (Binashsrisha-10)

Results indicated that the yield of Binasharisha 10 was increased significantly due to the application of different organic matter over control (Table 7). The highest seed yield (1.37 t ha-1) was obtained from the treatment T2 and the lowest yield was found in the treatment T1 (Control). The highest stover yield (3.46 t ha-1) was obtained from the treatment T2 and the lowest yield was found in the treatment T1 (Control). 
	
Table 7. Effects of different treatment on mustard (Binasarisha 10) during 2015-16

	Treatment
	Plant height (cm)
	Pod plant-1
	Branch plant-1
	Seed
pod-1
	1000 seed weight (gm)
	Grain weight (tha-1)
	Straw weight (tha-1)

	 T1
	122.33
	4.47a
	134.83
	19.53a
	2.45
	1.03c
	3.32

	 T2
	117.2
	4.47a
	110.25
	17.47ab
	2.67
	1.37a
	3.46

	 T3
	122.0
	4.26ab
	117.76
	13.7b
	2.37
	1.09c
	3.11

	 T4
	123.0
	3.73b
	117.48
	18.13ab
	2.21
	1.27ab
	3.29

	 T5
	122.46
	4.06ab
	112.08
	16.80ab
	2.41
	1.20bc
	3.27

	 T6
	119.53
	4.46a
	147.58
	17.23ab
	2.40
	1.13bc
	3.38

	CV (%)
	NS
	12.03
	NS
	14.59
	NS
	8.27
	NS


Values in a column with same letter(s) do not differ significantly at 5% level of probability 

(c) Transplanted aus rice (Binadhan14)

The yield of T.aus rice was significantly influenced by the different treatments (Table 8). The grain yield of Binadhan-14 ranged from 2.85 to 3.32 t ha-1. The highest yield (4.32 t ha-1) was found in the treatment T4 (3 tha-1 rice straw + 3 tha-1 poultry manure) and the lowest yield (3.00 t ha-1) of boro rice was observed in the treatment T1 (Control). The straw yield ranged from 3.75 to 4.66 t ha-1. The highest straw yield (4.66 t ha-1) was recorded in the treatment T4 (3 tha-1 rice straw + 3 tha-1 poultry manure) and the lowest was obtained from the treatment T1. All the treatments were identical except control. The results indicated that the combination of organic materials is very useful to produce higher yield of T.aus rice.

Table 8. Effects of different treatment on T.aus rice during 2016

	Treatment
	Plant height (cm)
	Panicle length (cm)
	Tiller hill-1
	1000 seed weight (gm)
	Grain weight (tha-1)
	Straw weight (tha-1)

	 T1
	84.1
	19.0b
	10.5
	22.1
	2.85b
	3.75b

	 T2
	83.6
	20.6a
	9.8
	23.5
	3.15a
	4.43a

	 T3
	84.2
	20.7a
	11.2
	22.8
	3.21a
	4.46a

	 T4
	83.5
	21.1a
	10.5
	23.2
	3.32a
	4.66a

	 T5
	82.1
	21.0a
	10.3
	23.5
	3.21a
	4.37a

	 T6
	82.0
	21.2a
	11.3
	23.6
	3.09a
	4.60a

	CV (%)
	NS
	6.17
	NS
	NS
	7.82
	8.32


Values in a column with same letter(s) do not differ significantly at 5% level of probability 

Conclusion:

All the treatments were identical except control which ensured that organic matter could play an important role and attributed to increase soil fertility and crop productivity. The combinations of organic materials were very useful to produce higher yield of Mustard- T.aus -T.aman cropping pattern. 

Physicochemical characterization of the BINA substation farm soils at Nalitabari, Sherpur

A study was undertaken for the characterization of Nalitabari substation farm soils. The objective was to evaluate the physico-chemical characteristics of the soil in the different blocks of the farm area. The soil sample had been collected from each individual block during March, 2015. The soil sample were collected from different depths (0-15cm, 15-30cm, 30-45cm and 45-60cm). Each sample is a composite of randomly selected spots of different blocks. The soil samples were analysed for physico-chemical characteristics e.g particle size distribution (sand, silt and clay contents), soil  pH, organic carbon, total N, available P and S, exchangeable cations (Ca, K, Na) and heavy/trace elements (Fe, Mn, Zn, Cu, Pb, Cd and Ni) contents. The collected soil samples were dried at room temperature, grinded and sieved with a 10 mm sieve. The soil samples have been analyzed following standard method, viz. particle size distribution by a hydrometer and soil pH by glass electrode pH meter, organic carbon by wet oxidation and total nitrogen by kjeldal method, available P by Bray and Kurtz method, available S by turbidimetric method of titration, exchangeable cations e.g. calcium, potassium and sodium were determined by ammonium acetate extraction method, DTPA extractable available heavy/trace elements (Fe, Mn, Zn, Cu, Pb, Cd and Ni) contents were determined by AAS (atomic absorption spectrophotometer) methods, etc. The results of soil physico-chemical characteristics are presented block wise from Tables 9-12.

Particle size distribution

Table 9 showed the particle size distribution (sand, silt and clay) and the texture of the soils. The distribution of sand, silt and clay varied widely block to block and differed with the depths. The soils were clay loam to sandy loam in texture.

Soil pH, total C, total N, available P and available S contents
 
Table 10 showed the Soil pH, total C, total N, available P and available S contents of the soils collected from different depths of each block. The pH values of the soils were slightly acidic to moderately acidic in reaction in the soils of different block with different depths. However, the pH values range from 5.97 to 7.05 among the block with different depths with a surface soil mean value of 6.28. From Table 10, total carbon contents varied from 1.04 to 1.76% with a surface soil mean value of 1.55 and and total nitrogen contents varied from 0.019 to 0.10% with a surface soil mean value of 0.083. Table 10 also showed available phosphorus contents varied from 5.20 to 19.20 ppm with a surface soil mean value of 12.62 ppm and available sulfur contents varied from 10.72 to 22.86 ppm with a surface soil mean value of 14.51 ppm.

Exchangeable calcium, potassium and sodium contents

Table 10 showed the exchangeable calcium, potassium and sodium contents in the different depth of soils  at different blocks of Nalitabari substation. Exchangeable calcium contents in the soils ranged from 2.80-6.88 me% with a surface soil mean values of 3.42 me% of the different blocks. From Table 10, the exchangeable potassium contents in the soils ranged from 0.82-1.548 me% with a surface soil mean values of 0.126 me% of the different blocks. Table 10 also showed the exchangeable sodium contents in the soils ranged from 0.239-0.411 me% with a surface soil mean values of 0.298 me% of the different blocks. 



Heavy/trace element contents

The results on DTPA extractable heavy metals (Fe, Mn, Zn, Cu, Pb, Cd and Ni) contents (ppm)  of the surface soils at  various blocks of Nalitabari substation have been presented in Table 12. The heavy/trace element contents greatly varied at different depths and different blocks. It is observed from the Table 4 that the available Fe content varied from 74.06-295.10 ppm with a surface soil mean values of 180.16 ppm of the different blocks.  Available Mn content varied from 35.27-109.64 ppm with a surface soil mean values of 73.33 ppm. Available Zn content varied from 0.96-2.87 ppm with a surface soil mean values of 1.81 ppm. Available Cu content varied from 1.46-2.99 ppm with a surface soil mean values of 2.40 ppm. Available Pb content varied from 0.71-1.86 ppm with a surface soil mean values of 1.25 ppm. Available Cd content. 

Table 9. Soil texture in the different depth of at various blocks of Nalitabari substation

	
	Depth (cm)
	%Sand
	%Silt
	%Clay
	Textural classes

	Block A
	0-15
	53.84
	26
	20.16
	Loamy soil

	
	15-30
	53.84
	22
	24.16
	Loamy soil

	
	30-45
	56.84
	18
	25.16
	Sandy loam

	
	45-60
	48.84
	26
	25.16
	Loamy soil

	Block B
	0-15
	45.84
	30
	24.16
	Loamy soil

	
	15-30
	35.84
	26
	38.16
	Sandy clay loam

	
	30-45
	40.84
	28
	31.16
	Clay loam

	
	45-60
	48.84
	18
	33.16
	Sandy clay

	Block C1
	0-15
	55.84
	18
	26.16
	Sandy loam

	
	15-30
	55.84
	18
	26.16
	Sandy loam

	
	30-45
	54.84
	18
	27.16
	Sandy clay loam

	
	45-60
	54.84
	26
	19.16
	Silty loam

	Block C2
	0-15
	43.84
	26
	30.16
	Clay loam

	
	15-30
	43.84
	22
	34.16
	Clay loam

	
	30-45
	50.54
	19
	30.46
	Clay loam

	
	45-60
	53.54
	16
	30.46
	Clay loam

	Block D
	0-15
	49.24
	26
	24.76
	Loamy soil

	
	15-30
	45.24
	24
	30.76
	Clay loam

	
	30-45
	45.54
	22
	32.46
	Clay loam

	
	45-60
	54.54
	18
	27.46
	Sandy clay loam

	Block E
	0-15
	47.24
	30
	22.76
	Loamy soil

	
	15-30
	47.24
	24
	28.76
	Clay loam

	
	30-45
	54.54
	18
	27.46
	Sandy clay loam

	
	45-60
	67.54
	12
	20.46
	Sandy loam

	Block F
	0-15
	51.24
	24
	24.76
	Loamy soil

	
	15-30
	55.24
	20
	24.76
	Sandy loam

	
	30-45
	68.54
	12
	19.46
	Sandy loam

	
	45-60
	65.54
	13
	21.46
	Sandy loam

	Block G1
	0-15
	47.24
	26
	26.76
	Loamy soil

	
	15-30
	59.24
	16
	24.76
	Sandy loam

	
	30-45
	65.94
	12
	22.06
	Sandy loam

	
	45-60
	73.94
	7
	19.06
	Sandy loam

	Block G2
	0-15
	56.64
	22
	21.36
	Sandy loam

	
	15-30
	52.64
	18
	29.36
	Sandy loam

	
	30-45
	45.94
	22
	32.94
	Cay loam

	
	45-60
	51.94
	19
	29.06
	Clay loam

	LL Block
	0-15
	58.64
	22
	19.36
	Sandy loam

	
	15-30
	58.64
	14
	27.36
	Clay loam

	
	30-45
	51.94
	19
	29.06
	Cay loam

	
	45-60
	35.94
	30
	34.06
	Clay loam

	HL Block
	0-15
	44.64
	28
	27.36
	Cay loam

	
	15-30
	45.64
	25
	29.36
	Clay loam

	
	30-45
	38.94
	28
	33.06
	Cay loam

	
	45-60
	57.94
	16
	26.06
	Sandy loam



Table 10. Soil pH,  total C, total N, available P and available S contents in different depth of soils  at various blocks of Nalitabari substation

	Block
	Depth (cm)
	pH
	Total C (%)
	Total N (%)
	Available P
(ppm)
	Available S
(ppm)

	Block A
	0-15
	5.97
	1.57
	0.080
	14.80
	12.86

	
	15-30
	6.43
	1.14
	0.039
	14.00
	14.06

	
	30-45
	6.71
	1.04
	0.030
	14.20
	10.72

	
	45-60
	6.82
	1.42
	
	16.80
	

	Block B
	0-15
	5.90
	1.52
	0.090
	19.20
	16.80

	
	15-30
	6.63
	1.23
	0.059
	9.60
	11.01

	
	30-45
	6.45
	1.28
	0.046
	8.40
	11.58

	
	45-60
	6.69
	1.19
	
	10.40
	

	Block C1
	0-15
	6.55
	1.09
	0.060
	15.60
	12.14

	
	15-30
	6.30
	1.23
	0.056
	6.20
	12.22

	
	30-45
	6.46
	1.42
	0.039
	11.80
	11.70

	
	45-60
	6.30
	1.42
	
	13.60
	

	Block C2
	0-15
	6.17
	1.66
	0.100
	13.60
	12.46

	
	15-30
	6.57
	1.23
	0.065
	13.60
	20.50

	
	30-45
	6.66
	1.04
	0.041
	13.60
	22.86

	
	45-60
	6.61
	1.14
	
	15.20
	

	Block D
	0-15
	6.23
	1.71
	0.090
	16.80
	13.40

	
	15-30
	6.73
	1.19
	0.069
	14.20
	18.82

	
	30-45
	6.86
	1.09
	0.043
	8.60
	22.32

	
	45-60
	6.93
	1.04
	
	13.00
	

	Block E
	0-15
	6.27
	1.42
	0.080
	10.20
	19.14

	
	15-30
	6.70
	1.28
	0.055
	14.80
	15.22

	
	30-45
	6.77
	1.04
	0.037
	10.20
	14.38

	
	45-60
	6.72
	1.00
	
	13.20
	

	Block F
	0-15
	6.37
	1.57
	0.090
	7.00
	12.28

	
	15-30
	6.81
	1.42
	0.040
	11.40
	17.56

	
	30-45
	6.92
	1.19
	0.019
	9.60
	12.70

	
	45-60
	7.05
	1.04
	
	15.40
	

	Block G1
	0-15
	6.54
	1.61
	0.080
	9.20
	15.90

	
	15-30
	6.64
	1.38
	0.061
	11.00
	14.86

	
	30-45
	6.74
	1.09
	0.025
	19.40
	17.56

	
	45-60
	6.93
	1.04
	
	14.20
	

	Block G2
	0-15
	6.47
	1.76
	0.070
	7.60
	15.42

	
	15-30
	6.58
	1.23
	0.051
	11.20
	11.26

	
	30-45
	6.62
	1.28
	0.038
	16.60
	21.58

	
	45-60
	6.63
	1.14
	
	9.00
	

	LL Block
	0-15
	6.22
	1.61
	0.080
	10.00
	13.26

	
	15-30
	6.78
	1.23
	0.058
	6.60
	11.82

	
	30-45
	6.88
	1.19
	0.036
	12.00
	12.06

	
	45-60
	7.05
	1.28
	
	5.20
	

	HL Block
	0-15
	6.41
	1.66
	0.090
	14.80
	15.94

	
	15-30
	6.32
	1.02
	0.062
	11.80
	12.14

	
	30-45
	6.28
	0.88
	0.053
	10.00
	12.30

	
	45-60
	6.16
	0.80
	
	12.20
	

	Mean 
	6.28
	1.55
	0.083
	12.62
	14.51

	Range
	5.97-7.05
	1.04-1.76
	0.019-0.100
	5.20-19.20
	10.72-22.86




Table 11. Exchangeable cations (Ca, K and Na) contents (meq %) in different depth of soils  at various blocks of Nalitabari substation

	Block
	Depth (cm)
	Exchangeable Ca
	E Exchangeable K
	Exchangeable Na

	Block A
	0-15
	3.34
	0.095
	0.239

	
	15-30
	5.70
	0.099
	0.239

	
	30-45
	3.84
	0.148
	0.318

	
	45-60
	6.02
	0.245
	0.318

	Block B
	0-15
	3.76
	0.111
	0.239

	
	15-30
	3.92
	0.128
	0.318

	
	30-45
	4.78
	0.127
	0.318

	
	45-60
	6.60
	0.118
	0.398

	Block C1
	0-15
	3.40
	0.116
	0.318

	
	15-30
	3.60
	0.118
	0.239

	
	30-45
	4.38
	0.117
	0.239

	
	45-60
	4.72
	0.164
	0.239

	Block C2
	0-15
	3.56
	0.129
	0.318

	
	15-30
	4.40
	0.112
	0.318

	
	30-45
	3.56
	0.137
	0.318

	
	45-60
	4.86
	0.119
	0.318

	Block D
	0-15
	3.38
	0.074
	0.239

	
	15-30
	3.56
	0.094
	0.318

	
	30-45
	3.62
	0.094
	0.318

	
	45-60
	5.52
	0.082
	0.239

	Block E
	0-15
	3.22
	0.094
	0.318

	
	15-30
	2.80
	0.097
	0.318

	
	30-45
	5.32
	0.104
	0.318

	
	45-60
	4.12
	0.086
	0.239

	Block F
	0-15
	2.90
	0.110
	0.239

	
	15-30
	3.12
	0.108
	0.318

	
	30-45
	3.40
	0.087
	0.239

	
	45-60
	3.54
	0.083
	0.239

	Block G1
	0-15
	3.10
	0.130
	0.318

	
	15-30
	3.76
	0.111
	0.318

	
	30-45
	4.62
	0.097
	0.239

	
	45-60
	6.88
	0.123
	0.239

	Block G2
	0-15
	3.60
	0.157
	0.318

	
	15-30
	4.16
	0.137
	0.411

	
	30-45
	5.62
	0.193
	0.318

	
	45-60
	4.78
	0.186
	0.318

	LL Block
	0-15
	3.40
	0.125
	0.318

	
	15-30
	4.66
	0.110
	0.318

	
	30-45
	6.76
	1.548
	0.411

	
	45-60
	5.46
	0.119
	0.411

	HL Block
	0-15
	3.96
	0.242
	0.411

	
	15-30
	3.88
	0.158
	0.318

	
	30-45
	4.13
	0.135
	0.239

	
	45-60
	4.83
	0.175
	0.318

	Mean
	3.42
	0.126
	0.297

	Range
	2.80-6.88
	0.82-1.548
	0.239-0.411


Table 12. Available heavy metal (Fe, Mn, Zn, Cu, Pb, Cd and Ni) contents (ppm)  of the surface soils at  different blocks of Nalitabari substation 

	Blocks
	Available heavy metal contents (ppm)

	
	Fe
	Mn
	Zn
	Cu
	Pb
	Cd
	Ni

	Block-A
	270.61
	  95.39  
	2.39  
	2.68  
	0.71  
	0.036  
	0.999  

	Block-B
	295.10  
	65.43 
	2.87  
	2.99 
	0.92  
	0.034  
	1.039  

	Block-C1
	74.06  
	35.27 
	0.96 
	1.46 
	0.83  
	0.030  
	0.798  

	Block-C2
	171.46  
	81.50 
	2.00  
	2.87  
	1.45  
	0.046  
	0.933  

	Block-D
	211.94  
	55.91  
	1.72  
	2.66  
	1.37  
	0.051  
	0.836  

	Block-E
	166.09  
	109.64 
	1.53  
	2.51 
	1.25  
	0.052  
	0.828  

	Block-F
	169.08  
	69.85  
	1.91  
	2.36  
	1.48  
	0.067  
	0.835  

	Block-G1
	130.11 
	84.53 
	1.17  
	2.32  
	1.51  
	0.068  
	0.770  

	Block-G2
	142.47  
	62.75  
	1.34  
	2.11  
	1.36 
	0.082  
	0.991  

	LL Block
	195.17  
	57.21  
	2.10  
	2.48  
	1.86  
	0.083  
	0.952  

	HL Block
	155.70  
	89.18  
	1.87  
	1.94  
	1.05  
	0.026  
	1.337  

	Mean
	180.16
	73.33
	1.80
	2.40
	1.25
	0.052
	0.938

	Range
	74.06-295.1
	35.27-109.64
	0.96-2.87
	1.46-2.99
	0.71-1.86
	0.03-0.083
	0.77-1.337



varied from 0.030-0.083 ppm with a surface soil mean values of 0.052 ppm and available Ni content varied from 0.770-1.337 ppm with a surface soil mean values of 0.938 ppm.

Conclusion

The variations in the soil characters within the studied soils might be due to the local differences in micro-topographic variations and soil characteristics, changes in cropping systems (e.g. crop types, fertilization, irrigation, etc.) and other management practices in the farm.

Determination of critical limit for extractable phosphorus of selected soils for rice

A critical limit refers to the level of nutrient in soil below which the crop will suffer from its deficiency and thus, the crop will show economic response to the added fertilizer. It has been proved that a method often found useful for one area is less satisfactory for other areas due to variation of soil physical and chemical characteristics. Thus proper management of fertilizer for sustainable crop production depends not only on its existing status in soil but also critical limits of extractable P, K and S for different crops and soils. A pot culture experiment was conducted at the glass house of Bangladesh Institute of Nuclear Agriculture (BINA) with 20 top soils (0-15 cm) collected from different locations of Bangladesh for predicting the available P status using a number of extractants (acids, salts and chelating agents). Each of the soils represented a soil series under soil classification. The selected soil series were Sonatala, Silmondi, Ghatail, Sara, Gopalpur, Ishurdi, Barisal, Jhalakhati, Bajoa, Amnura, Dudnai, Ekdala, Pritimpasha, Mirarsharai, Goyanghat, Phagu, Pirgacha, Gongachara, Polashbari and Jamun. Sub-samples of each soil were analyzed for extractable P by four different extraction methods (Table 1). There were three rates of P viz. 0, 30 & 60 ppm and each treatment was replicated thrice in a completely randomized design. The source of P was TSP. Each plastic pot was filled with 1 kilogram of air dried soils and a basal application of 200, 160, 40 and 4 ppm/pot of N, K, S and Zn was made from Urea, MoP, Gypsum and ZnO, respectively. After mixing the soil, five rice seeds (Binadhan-14) were sown in each pot as test crop. They were thinned to single hill/pot and were allowed to grow for nine weeks. The plants were cut at ground level and dried in oven at 650C for 24 hours. Dry matter yields were recorded. The relative yield known as Bray’s percent yield was calculated from the following relationship. The critical levels of extractable P for rice were determined by graphical and statistical methods as proposed by Cate & Nelson (1965) and Waugh et al., (1973).

                                   Yield without P 
% Relative yield =   -------------------   x 100
                                          Yield with P

The amount of extractable P varied markedly depending on the soils and extraction methods used (Table 14). The extractable P of different methods ranged from 6-26 ppm with a mean value of 13ppm in Olsen, 7-34ppm with a mean value of 15ppm using Bray, 14-38ppm with a mean value of 24ppm following Nelson and 7-32ppm with a mean value of 16ppm in Hunter extraction method. Dry matter yields were markedly influenced by increasing levels of phosphorus fertilizer, which indicated that plant growth was encouraged by P application. In general, the soils having low extractable P responded better to the added P fertilizers (Table 14). 
Table 14: Chemical properties of different soil series, dry matter yield and per cent relative yield of rice as influenced by different phosphorus rates at 9 weeks of sowing
	Soil series
	PH
	Organic matter (%)
	Total N (%)
	Dry matter yield (g/pot)
	Relative yield (%)
	Extractable P (ppm)

	
	
	
	
	P0
	P30
	P60
	
	Olsen
	Bray
	Nelson
	Hunter

	Sonatala
	6.2
	1.44
	0.08
	1.86
	2.39
	3.42
	44
	12
	16
	20
	16

	Silmondi
	5.9
	1.36
	0.08
	2.68
	3.90
	4.55
	59
	12
	16
	21
	13

	Ghatail
	5.7
	1.84
	0.10
	2.94
	4.21
	4.48
	66
	16
	17
	23
	08

	Sara
	7.2
	1.17
	0.08
	1.65
	2.25
	4.24
	39
	23
	13
	25
	07

	Gopalpur
	7.5
	1.45
	0.08
	1.31
	1.35
	1.66
	79
	16
	17
	20
	14

	Ishurdi
	7.4
	1.83
	0.12
	1.60
	2.23
	2.60
	62
	11
	11
	16
	13

	Barisal
	7.5
	1.92
	0.12
	1.22
	1.52
	1.76
	69
	24
	22
	14
	16

	Jhalakhati
	7.1
	1.99
	0.13
	2.80
	4.74
	4.86
	58
	22
	30
	35
	10

	Bajoa
	6.3
	1.42
	0.09
	3.66
	4.13
	4.61
	79
	26
	34
	37
	18

	Amnura
	6.7
	1.38
	0.09
	1.92
	2.40
	2.64
	73
	11
	13
	33
	12

	Dudnai
	6.8
	1.23
	0.08
	1.48
	1.28
	1.52
	97
	09
	07
	14
	22

	Ekdala
	6.2
	1.14
	0.08
	1.69
	2.66
	2.98
	56
	08
	09
	17
	10

	Pritimpasha
	5.3
	1.67
	0.10
	2.31
	4.54
	4.90
	47
	10
	08
	15
	12

	Mirarsharai
	5.1
	1.83
	0.10
	4.01
	4.88
	4.92
	82
	07
	08
	17
	14

	Goyanghat
	5.9
	1.61
	0.12
	2.00
	3.32
	3.79
	53
	08
	10
	16
	18

	Phagu
	5.1
	1.98
	0.12
	1.92
	3.32
	3.79
	51
	06
	10
	19
	15

	Pirgacha
	5.8
	1.37
	0.11
	4.60
	4.99
	5.63
	82
	13
	18
	37
	32

	Gangachara
	5.9
	1.61
	0.10
	2.46
	3.27
	5.16
	48
	10
	14
	35
	31

	Polashbari
	5.0
	1.59
	0.10
	3.53
	4.78
	4.83
	73
	13
	10
	27
	27

	Jamun
	5.6
	1.42
	0.09
	3.94
	4.23
	5.00
	79
	10
	19
	38
	20

	Mean
	6.2
	1.56
	0.09
	2.48
	3.32
	3.62
	65
	13
	15
	24
	16

	Range
	5.0-7.5
	1.14-
1.99
	0.08-0.13
	1.22-4.60
	1.28-4.99
	1.52-5.63
	39-
97
	06-
26
	07-
34
	14-
38
	07-
32



Monitoring and management of saline soil for increased crop production
	
Agriculture is a major sector of Bangladesh’s economy and the coastal area of Bangladesh is suitable for growing rice where more than 30% of the cultivable land is in the coastal areas. A field experiment was conducted at farmer’s field with saline soil of Khepupara, Patuakhali district to see the effect of organic and inorganic fertilizer management and its effect on salinity. There were six treatments Viz. T1= Recommended Chemical fertilizer, T2= NPK+ Gypsum in two split, T3= NPK+ Gypsum in two split + CD, T4= NPK+ Gypsum in three split, T5= NPK+ Gypsum in three split + CD, T6= Control. The experiment was laid out in a randomized complete block design (RCBD) with three replications. Each replication represented a block. There were 18 (6×3) unit plots. Full dose of P, K, S, Zn and B fertilizers and ⅓ of N fertilizer were applied at the time of final land preparation. The rest of N fertilizer was applied in two equal split, i.e., 20 and 50 days of transplanting. Weeding, irrigation and insecticide were applied as and when necessary. The initial soil characteristics of all experimental site is given in Table 15.







Table 15: Initial soil characteristics of the experimental site at Farmer’s field, Patuakhali 

	Locations
	pH
	OM (%)
	Total N (%)
	Available P (ppm)
	Available S (ppm)
	Exchangeable K (meq%)

	Farmer’s field, Patuakhali
	7.4
	2.42
	0.12
	13.8
	18.6
	0.23

	Critical limit
	-
	-
	0.12
	10.0
	12.0
	0.20



Boro 2015

The yield and yield contributing characters were significantly affected due to the treatments (Table 16). The yields of boro rice (Binadhan-8) ranged from 3.18 to 5.38 t ha-1 in grain and 4.05 to 5.89 t ha-1 in straw. The highest grain yield (5.38 t ha-1) and straw yield (5.89 t ha-1) were recorded in treatment T5 (NPK+ Gypsum in three split + CD) and the lowest yields of 3.18 t ha-1 in grain and 4.05 t ha-1 in straw were obtained from treatment T6 (control). Result revealed that application of cowdung and split application of gypsum have positive effect on production of Boro rice in saline area of Bangladesh. 


Table 16: Grain and straw yields (t ha-1) of Boro rice at farmer’s field, Khepupara, Patuakhali during 2016

	Treatments
	Plant height (cm)
	Panicle length (cm)
	Tiller/hill (no.)
	1000 seeds wt. (g)
	Grain yield (t/ha)
	Straw yield (t/ha)

	T1
	85
	24.3
	12.6b
	24.4
	4.04bc
	4.85bc

	T2
	87
	25.6
	13.8a
	25.3
	4.50b
	5.11b

	T3
	83
	24.9
	11.3c
	24.5
	4.77ab
	4.87bc

	T4
	87
	24.2
	11.5c
	24.7
	4.71ab
	4.92bc

	T5
	88
	25.9
	13.1a
	23.7
	5.38a
	5.89a

	T6
	87
	24.7
	12.3b
	24.5
	3.18c
	4.05c

	CV%
	NS
	NS
	8.32
	NS
	9.78
	9.92


Means with common letter(s) are not significantly different at 5% level of probability by DMRT

Salinity Status

The salinity status is very important throughout the growing season. The soil salinity status of the experiment site ranged from 3.77 to 8.68 (dSm-1) during the whole growing season (December to April) (Table 17). 

Table 17: Soil salinity level of boro rice growing period at farmer’s field, Khepupara, Patuakhali during 2016

	Period
	Initial
	8th December
	23th January
	10th February
	1st
March
	15th March
	1th
April
	13th
April

	Salinity (dSm-1)
	4.60
	3.77
	4.92
	5.32
	6.60
	6.83
	8.23
	8.68



Conclusion

Suitable management practices of saline soil would be very crucial for crop production and combination of organic manure and chemical fertilizers was found to be better for higher crop production. From the result, it may be concluded that the treatment T5 (NPK+ Gypsum in three split + CD) appears to be the best, which produced the highest yield of Binadhan-8 in saline area of Bangladesh.

Organic and inorganic fertilizer management practices for increased crop production in Mustard-Boro-T. aman rice cropping pattern

Fertilizer is a key component in the agricultural production systems of Bangladesh. Its use efficiency is also becoming much more important in the market economy of agriculture products. Present level of fertilizer use in farmer’s field shows recommended fertilizer dose is under used. But in some cases farmers are using higher dose of fertilizers (N, P & K) than the recommended. It is therefore, also necessary to verify the up dated fertilizer recommendation guide in different agroecological situations not only for increasing crop productivity but also for improving soil fertility. The experiment was initiated during 2014-2015 at BINA substation farm, Nalitabari, Sherpur to develop suitable fertilizer management packages for Mustard-Boro-T. Aman rice cropping pattern. The soil sample was collected for soil texture, pH, organic matter, total N, exchangeable K, available P, and S determination (Table 18). Organic manures were used in the boro crop of the cropping pattern. Nutrient sources and contents of the organic manures are given in Table 19. The experiment was laid out in a randomized complete block design (RCBD) and there were four levels of N, P, K and S for mustard and sixteen treatments for boro and T. Aman (Table 20). There were 4 m × 3 m unit plots for mustard (cv. Binasharisha-10) and 48 (16×3) plots for boro (Binadhan 14) and T. Aman rice (Binadhan 7). Full dose of P, K, S, Zn, B fertilizers and 1/3rd of N fertilizer were applied at the time of final land preparation. The rest of N fertilizer was applied in two equal split, i.e. 30 days of transplanting (DAT) and 50 DAT for boro and 20 DAT and 45 DAT for T aman rice. In case of mustard full dose of P, K, S, Zn, B fertilizers and 1/3rd of N fertilizer were applied at the time of final land preparation and rest of N fertilizer was applied in two equal split, i.e. 20 days after sowing (DAS) and 45 DAS. Plant samples (Grain and straw) were collected from the field experiment for analysis of NPKS content.




Table 18: Initial soil characteristics of the experimental site

	Locations
	pH
	OM (%)
	Total N (%)
	Available P (ppm)
	Available S (ppm)
	Exchangeable K (meq%)

	BINA substation, Nalitabari, Sherpur
	6.8
	1.16
	0.065
	9.48
	13.33
	0.11

	Critical limit
	-
	-
	0.12
	10.00
	12.00
	0.12



Table 19: Nutrient content (%) of the organic materials used in the experimental field

	Name of the manure
	N
	P
	K
	S

	Mustard residue
	0.60
	0.23
	1.15
	0.25

	Rice straw
	0.50
	0.20
	1.52
	0.22

	Cow dung
	1.01
	0.26
	1.16
	0.14

	Poultry manure
	1.75
	0.53
	0.75
	0.45

	Vermicompost
	1.05
	0.33
	0.65
	0.32

	Range
	0.50-1.75
	0.20-0.53
	0.65-1.52
	0.14-0.45




Table 20: Details fertilizer management practices for Mustard-Boro-T.aman rice cropping pattern at BINA substation, Nalitabari, Sherpur

	Treatments
	Mustard
(Binasharisha-10)
	Boro
(Binadhan-14)
	T. Aman
(Binadhan-7)

	T1
	Control
	Control
	Control

	T2
	

N80P12K48S16Zn2B1
	N90P15K45S12 + MR2
	N100P20K50S16 + Residual MR2

	T3
	
	N90P15K45S12 + RR2
	N100P20K50S16 + Residual RR2

	T4
	
	N90P15K45S12 + CD2.5
	N100P20K50S16 + Residual CD2.5

	T5
	
	N90P15K45S12 + PM2
	N100P20K50S16 + Residual PM2

	T6
	
	N90P15K45S12 + VC2
	N100P20K50S16 + Residual VC2

	T7
	

N100P24K60S24Zn2B1
	N90P15K45S12 + MR4
	N100P20K50S16 + Residual MR4

	T8
	
	N90P15K45S12 + RR4
	N100P20K50S16 + Residual RR4

	T9
	
	N90P15K45S12 + CD5
	N100P20K50S16 + Residual CD5

	T10
	
	N90P15K45S12 + PM3
	N100P20K50S16 + Residual PM3

	T11
	
	N90P15K45S12 + VC3
	N100P20K50S16 + Residual VC3

	T12
	

N120P36K72S36Zn2B1
	N90P15K45S12 + MR6
	N100P20K50S16 + Residual MR6

	T13
	
	N90P15K45S12 + RR6
	N100P20K50S16 + Residual RR6

	T14
	
	N90P15K45S12 + CD7.5
	N100P20K50S16 + Residual CD7.5

	T15
	
	N90P15K45S12 + PM4
	N100P20K50S16 + Residual PM4

	T16
	
	N90P15K45S12 + VC4
	N100P20K50S16 + Residual VC4



N.B: MR=Mustard Residue, RR=Rice Residue, CD=Cow dung, PM=Poultry Manure, VC=Vermi Compost

The results of the 1st and 2nd crops of the cropping pattern are given in Table 21. In case of Mustard, the highest grain (1025 kg ha-1) was obtained from fertilizer combination of N120P36K72S36Zn2B1 kg/ha. It was observed from table 20 that the fertilizer dose N120P36K72S36Zn2B1 kg/ha may be recommended for obtained the highest yield of Binasharisha-10 at Nalitabari, Sherpur. The highest yield of boro rice (Binadhan 14) was obtained in treatment T2 (4.90 t ha-1) followed by with treatment T10 (4.75 t ha-1) and the lowest was obtained from treatment T1 (2.16 t ha-1). The highest straw yield was obtained from treatment T10 (5.89 t ha-1) and the lowest was obtained from treatment T1 (2.28 t ha-1). Regarding T.aman rice, the highest yield (Binadhan 7) was obtained in treatment T3 and T16 (5.60 t ha-1) and the lowest was obtained from treatment T1 (2.50 t ha-1). The highest straw yield was obtained from treatment T6 and T9 (5.90 t ha-1) and the lowest was obtained from treatment T1 (3.40 t ha-1). Among the organic manure sources used there were no difference. Further investigation is necessary for Boro and T.aman rice for recommendation.

Table 21: Seed and Stover yields (t ha-1) of mustard and Boro rice at BINA sub-station farm, Nalitabari, Sherpur

	Treatments 
	Mustard (kg/ha)
2015-2016
	Boro rice-2016
	T. Aman rice-2015

	
	Seed
	Stover
	Grain
	Straw
	Grain
	Straw

	T1 
	250
	493
	2.16
	2.28
	2.50
	3.40

	T2 
	800
	1362
	4.90
	5.29
	5.40
	5.50

	T3 
	
	
	4.57
	4.93
	5.60
	5.80

	T4 
	
	
	4.02
	5.12
	5.25
	5.70

	T5 
	
	
	4.25
	5.25
	5.40
	5.90

	T6 
	
	
	4.16
	5.07
	4.60
	5.90

	T7 
	965
	1486
	4.71
	5.24
	5.20
	5.30

	T8 
	
	
	4.16
	4.77
	5.30
	5.85

	T9 
	
	
	4.41
	5.32
	5.25
	5.90

	T10 
	
	
	4.75
	5.89
	5.40
	5.50

	T11 
	
	
	4.49
	5.57
	5.25
	5.60

	T12 
	1025
	1733
	4.38
	6.51
	5.25
	5.65

	T13 
	
	
	4.26
	4.94
	5.50
	5.80

	T14 
	
	
	4.11
	6.07
	5.50
	5.35

	T15 
	
	
	4.30
	6.42
	5.35
	5.50

	T16 
	
	
	4.14
	6.01
	5.60
	5.85



Conclusion

Result revealed that the response of individual element N120P36K72S36Zn2B1 kg/ha fertilizer may be recommended for obtained the highest yield of Binasharisha-10 at Nalitabari, Sherpur. Further investigation is necessary for Boro and T.aman rice for recommendation.


Determination of optimum and economic doses of nutrients for major crops developed by BINA under different environment

Soil fertility is a dynamic property which varies with crops, cropping intensity and input uses. Therefore, to develop an agronomically and economically suitable combination of fertilizers for sustaining soil fertility with higher crop productivity. Field trial of four mutant lines of aus and T.aman rice were conducted at Farmer’s field, Godagari, Rajshahi & BINA substation, Chapainawabgonj 2015 to determine the amount of fertilizer require for higher crop production. There were four levels of N, P, K and S nutrients used (Tables 23 & 24). The trails were laid out in a Randomized Complete Block Design (RCBD) with three replications.

Table 22: Initial soil characteristics of the experimental sites

	Locations
	pH
	OM (%)
	Total N (%)
	Available nutrients (ppm)
	Exchangeable K (meq%)

	
	
	
	
	P
	S
	Zn
	B
	

	BINA substation, Chapainawabgonj

	5.0
	1.12
	0.09
	09
	11
	1.3
	0.25
	0.11

	Farmer’s field,
Godagari, Rajshahi

	5.2
	1.55
	0.11
	10
	13
	1.6
	0.45
	0.12

	Critical limit
	
	
	0.12
	8
	10
	0.6
	0.20
	0.12



Aus rice

The yield of aus rice mutant lines affects significantly due to treatments (Table 23). In mutant line N4/350/P-4 (5), the highest grain (3.07 t ha-1) was obtained from treatment T7 and the highest straw (4.83 t ha-1) yields were obtained from treatment T8. In mutant line N4/250/P-5 (4), the highest grain (2.86 t ha-1) was obtained from treatment T8 and the highest straw (3.58 t ha-1) yields were obtained from treatment T3. Regarding mutant line N4/250/P-1 (2), the highest grain (3.80 t ha-1) obtained from treatment T5 and the highest straw (3.84 t ha-1) yield was obtained from treatment T4. In mutant line N4/250/P-2 (6), the highest grain (3.46 t ha-1) and straw (3.90 t ha-1) yields were obtained from the same treatment T4. In all cases, the lowest yield was found in control treatment.

T.aman

The yield of T.aman rice mutant lines affects significantly due to treatments (Table 24). In mutant line N4/350/P-4 (5), the highest grain (5.50 t ha-1) and straw (6.00 t ha-1) yields were obtained from the treatment T6. In mutant line N4/250/P-5 (4), the highest grain (4.90 t ha-1) was obtained from treatment T7 and the highest straw (5.80 t ha-1) yields were obtained from treatment T14, T15 and T16. Regarding mutant line N4/250/P-1 (2), the highest grain (5.10 t ha-1) was obtained from treatment T6 & T16. The highest straw (6.00 t ha-1) yield was obtained from treatment T6. In case of mutant line N4/250/P-2 (6), the highest grain (5.20 t ha-1) was obtained from treatment T16 and the highest straw (5.60 t ha-1) yields were obtained from the same treatment T14. At all the cases, the lowest yield was found in control treatment.
In drought prone area T. Aus and T. Aman rice experiment with four Nerica rice mutants [N4/350/P-4(5), N4/250/P-5(4), N4/250/P-1(2) & N4/250/P-2 (6)] showed remarkable yield variation due to lower doses (N100P18K50S12Zn2B1) of fertilizer applied compared to higher doses (N130P24K65S16Zn2B1) of fertilizer application. The optimum and economic doses of nutrients may be recommended as N100P18K50S12Zn2B1 kg ha-1 in T. Aus and T. Aman rice mutants. 
Table 23: Grain and straw yields (t/ha) of four aus rice mutant lines at farmer’s field, Godagari, Rajshahi 

	Treatments
	N4/350/P-4 (5)
	N4/250/P-5 (4)
	N4/250/P-1 (2)
	N4/250/P-2 (6)

	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	T1 (N0)
	1.50
	2.55
	1.50
	1.65
	1.42
	1.30
	1.60
	1.32

	T2 (N70)
	2.55
	3.49
	2.66
	3.03
	2.44
	2.27
	2.88
	2.70

	T3 (N100)
	3.06
	3.78
	3.14
	3.58
	2.94
	3.27
	2.94
	3.80

	T4 (N130)
	2.50
	3.16
	2.53
	3.15
	3.42
	3.84
	3.46
	3.90

	T5 (P0)
	1.76
	3.17
	1.98
	2.14
	3.80
	2.43
	2.43
	3.37

	T6 (P12)
	2.66
	3.88
	2.42
	2.60
	2.57
	2.99
	3.20
	2.64

	T7 (P18)
	3.07
	4.29
	2.48
	3.09
	2.80
	3.80
	2.99
	3.68

	T8 (P24)
	2.19
	4.83
	2.86
	3.19
	2.89
	3.28
	3.07
	3.58

	T9 (K0)
	2.43
	3.20
	2.02
	2.60
	2.39
	2.87
	2.32
	3.15

	T10 (K35)
	2.55
	3.34
	2.33
	2.68
	2.48
	3.53
	2.65
	2.73

	T11 (K50)
	2.46
	3.64
	2.43
	3.17
	2.96
	3.68
	2.89
	3.28

	T12 (K65)
	2.70
	3.64
	2.46
	3.17
	2.62
	2.72
	2.75
	3.42

	T13 (S0)
	2.38
	3.38
	2.30
	3.12
	2.75
	2.59
	2.58
	3.55

	T14 (S8)
	2.63
	4.44
	2.39
	3.48
	2.79
	3.24
	2.72
	3.58

	T15 (S12)
	2.59
	4.19
	2.35
	3.25
	2.50
	3.05
	2.71
	3.93

	T16 (S16)
	2.64
	4.32
	2.52
	3.71
	2.52
	3.08
	2.85
	3.26

	Blanket dose
	N100P18K50S12Zn2B1




Table 24: Grain and straw yields (t/ha) of four T. Aman rice mutant lines at BINA sub-station, Chapainawabgonj 

	Treatments
	N4/350/P-4 (5)
	N4/250/P-5 (4)
	N4/250/P-1 (2)
	N4/250/P-2 (6)

	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	T1 (N0)
	4.3
	5.1
	3.8
	5.1
	4.5
	4.8
	4.4
	5.2

	T2 (N70)
	5.1
	5.5
	4.4
	5.4
	4.9
	5.3
	5.0
	5.5

	T3 (N100)
	5.0
	5.5
	4.4
	5.5
	5.0
	5.6
	4.8
	5.5

	T4 (N130)
	5.1
	5.9
	4.5
	5.5
	5.0
	5.6
	4.7
	5.4

	T5 (P0)
	4.9
	5.5
	4.3
	5.4
	5.0
	5.5
	4.4
	5.2

	T6 (P12)
	5.5
	6.0
	4.4
	5.7
	5.1
	6.0
	4.8
	5.5

	T7 (P18)
	5.3
	5.7
	4.9
	5.4
	5.0
	5.9
	4.7
	5.5

	T8 (P24)
	5.2
	5.5
	4.7
	5.6
	5.0
	5.6
	4.8
	5.5

	T9 (K0)
	4.9
	5.4
	4.7
	5.6
	4.9
	5.4
	4.7
	5.3

	T10 (K35)
	5.2
	5.3
	4.6
	5.6
	4.8
	5.5
	4.7
	5.5

	T11 (K50)
	5.3
	5.7
	4.7
	5.5
	4.8
	5.9
	4.7
	5.5

	T12 (K65)
	5.1
	5.4
	4.7
	5.5
	5.0
	5.8
	4.7
	5.5

	T13 (S0)
	5.0
	5.6
	4.4
	5.3
	5.0
	5.4
	4.7
	5.5

	T14 (S8)
	5.4
	5.5
	4.6
	5.8
	5.0
	5.5
	4.7
	5.6

	T15 (S12)
	5.3
	5.5
	4.6
	5.8
	5.0
	5.9
	4.9
	5.5

	T16 (S16)
	5.1
	5.6
	4.6
	5.8
	5.1
	5.7
	5.2
	5.5

	Blanket dose
	N100P18K50S12Zn2B1




Conclusion

Results demonstrate that the economic doses for optimum crop production for T. Aus and T. Aman rice in drought prone area T. Aus and T. Aman rice experiment with four Nerica rice mutants [N4/350/P-4(5), N4/250/P-5(4), N4/250/P-1(2) & N4/250/P-2 (6)] showed remarkable yield variation due to lower doses (N100P18K50S12Zn2B1) of fertilizer applied compared to higher doses (N130P24K65S16Zn2B1) of fertilizer application. The optimum and economic doses of nutrients may be recommended as N100P18K50S12Zn2B1 kg ha-1 in T. Aus and T. Aman rice mutants. 


Assessment of heavy metal concentrations in industrial waste polluted agricultural land

Heavy metal pollution in air-water-soil-plant systems is of major environmental concern throughout the world including Bangladesh. Bangladesh has at present about 30000 large and small industrial units. Most of these industries discharge its wastes and effluents into the natural ecosystems in most cases without any treatment, thus causing environmental pollution, especially with heavy metals and organic toxic.  The important heavy metals discharged from industries in Bangladesh are cadmium (Cd), lead (Pb), chromium (Cr), mercury (Hg), zinc (Zn), arsenic (As) and in few cases copper (Cu) and manganese (Mn). Among the upazillas of Mymensingh, Bhaluka stands the most valuable area for increase industrial zone. For these reason the agricultural land becomes covered with industry. On the other hand, industrial waste polluted the agricultural land which are very dangerous for human health, nutritional security as well as environmental pollution. With the view in mind a number of samples were collected from industrially polluted areas to determine its macro, micro and heavy metal contents make awareness among the farmers and policy makers. A comparative study of population, land type and land use of Bhaluka Upazilla during 1991 to 2015 as well as area, land type and land use of Bhaluka Upazilla during 1991. 

In industrially polluted areas soil were contaminated with heavy metal concentration. Soil sample collected from the industrially polluted areas observed that Zn, Fe and S content was very high while the Pb and Cd content were not exceed the permissible limit within the study area (Table 5). 

Conclusion

In the studied soil, Zn, Fe and S content was very high while the Pb and Cd content were not exceed the permissible limit within the study area.


Table 25: Area, land type and land use of Bhaluka Upazilla during 1991

	Soil map unit
	Area (ha)
	Land type

	
	
	Non cultivated
	Cultivated

	
	
	
	HL
	MHL
	MLL
	L
	VL

	1
	948
	47
	806
	95
	-
	-
	-

	2
	5,422
	271
	4,338
	813
	-
	-
	-

	3
	2,680
	134
	2,412
	134
	-
	-
	-

	4
	5,142
	257
	3,600
	771
	257
	-
	257

	5
	4,837
	242
	2,902
	1,451
	242
	-
	-

	6
	2,846
	142
	1,850
	854
	-
	-
	-

	7
	4,748
	238
	3,086
	1,187
	237
	-
	-

	8
	3,619
	181
	1,990
	724
	543
	-
	181

	9
	3,526
	176
	705
	2,645
	-
	-
	-

	10
	2,970
	-
	-
	297
	2,376
	297
	-

	11
	1,123
	56
	-
	-
	281
	225
	561

	12
	438
	22
	153
	263
	-
	-
	-

	13
	586
	-
	-
	586
	-
	-
	-

	14
	3,354
	-
	-
	-
	3,019
	335
	-

	15
	1,233
	62
	-
	-
	-
	863
	308

	Total
	43,472
	1,828
	21,842
	9,820
	6,955
	1,720
	1,307


Source: SRDI Thana Nirdeshika, Bhaluka-1991. Soil map unit 1-11 belongs Madhupur Tract (85%) and 12-15 belongs Brahmaputra Flood Plain (15%) areas. HL = High land, MHL = Medium high land, MLL = Medium low land, L = Low land & VL = Very low land


Table 26: Comparative study of population, land type and land use of Bhaluka Upazilla during 1991 to 2015

	Population
	Land type

	
	Non cultivated
	Cultivated

	
	
	HL
	MHL
	MLL
	L
	VL

	1991
	2015
	1991
	2015
	1991
	2015
	1991
	2015
	1991
	2015
	1991
	2015
	1991
	2015

	2,64,991
	4,30,320
	1,828
	9,652
	21,842
	14,572
	9,820
	7,984
	6,955
	3,121
	1,720
	1,710
	1,307
	568




Table 27: Soil characteristics of the industrially polluted area at Bhaluka, Mymensingh

	Sample no.
	pH
	OM
(%)
	Total N (%)
	Avail. P (ppm)
	Avail. S (ppm)
	Excha. K (meq%)

	1
	7.3
	1.55
	0.12
	25.3
	7.72
	0.202

	2
	6.5
	1.21
	0.11
	22.1
	11.50
	0.200

	3
	5.5
	1.35
	0.14
	13.0
	16.7
	0.270

	4
	5.3
	1.32
	0.11
	15.2
	15.5
	0.264

	5
	5.8
	1.29
	0.10
	16.1
	15.5
	0.228

	6
	6.1
	1.49
	0.11
	15.5
	12.8
	0.165

	7
	6.6
	1.24
	0.09
	14.5
	11.6
	0.200

	8
	6.8
	1.37
	0.10
	12.7
	12.8
	0.190

	9
	5.2
	1.29
	0.11
	14.9
	10.3
	0.193

	Range
	5.2-7.3
	1.21-1.55
	0.09-0.14
	12.7-25.3
	7.72-16.7
	0.165-0.270



Table 28: Soil characteristics of the industrially polluted area at Bhaluka, Mymensingh

	Sample no.
	Total concentration (ppm)

	
	Zn
	Fe
	Mn
	Cu
	Cr
	Cd
	Ni
	Pb

	1
	144
	20199
	193
	41.1
	70
	0.664
	29.3
	24.24

	2
	91
	17798
	190
	25.5
	83
	0.594
	22.6
	18.03

	3
	43
	18761
	301
	19.5
	91
	0.630
	31.1
	26.34

	4
	59
	15337
	153
	22.8
	76
	0.386
	26.6
	20.80

	5
	131
	18686
	192
	44.1
	81
	0.429
	24.4
	25.04

	6
	24
	11804
	113
	11.2
	71
	0.295
	16.3
	17.20

	7
	64
	22819
	291
	26.0
	72
	0.543
	33.0
	21.04

	8
	57
	22104
	320
	27.1
	80
	0.647
	30.8
	22.53

	9
	57
	27032
	310
	28.6
	110
	0.737
	34.9
	24.68

	Range
	24-
144
	11804-31912
	113-
583
	11.2-
44.1
	20-
110
	-0.109-1.009
	16.3-
42.8
	5.09-26.34




Table 29: Water characteristics of the industrially polluted area at Bhaluka, Mymensingh

	Sam. type
	Source
	GPS (N:E)
	Available Concentration (ppm)

	
	
	
	pH
	Fe
	Zn
	Pb
	Cr
	Cd
	Ni

	Mixed water
	Arif & Squire
	Canal
	24017.62̋ʺ
90022.51ʺ
	7.5
	0.561
	0.074
	0.000
	0.000
	0.003
	0.015

	Purified water
	Arif
	Outlet-1
	24017.49ʺ
90022.67ʺ
	7.3
	0.932
	0.060
	0.000
	0.000
	0.003
	0.012

	Non-purified water
	Arif
	Outlet-2
	24017.49ʺ
90022.67ʺ
	6.9
	3.999
	0.369
	0.000
	0.004
	0.003
	0.017

	Mixed water
	Arif & Squire
	Canal
	24017.49ʺ
90022.67ʺ
	7.3
	1.597
	0.056
	0.000
	0.055
	0.003
	0.018

	Purified water
	T.M textile
	Outlet
	24017.62̋ʺ
90022.51ʺ
	6.7
	1.075
	0.518
	0.000
	0.065
	0.003
	0.036

	Non-purified water
	Advance textile
	Outlet
	24018.00ʺ
90022.32ʺ
	6.8
	0.220
	9.465
	0.000
	0.043
	0.002
	0.025

	Mixed water
	Mayer Maszid
	Canal
	24018.15ʺ
90021.64ʺ
	7.0
	0.730
	1.491
	0.000
	0.000
	0.004
	0.038

	Purified water
	Mayer Maszid
	Outlet
	24018.60ʺ
90023.02ʺ
	6.8
	0.266
	0.476
	0.000
	0.000
	0.006
	0.018

	Purified water
	Mayer Maszid
	Outlet-1
	24018.60ʺ
90023.02ʺ
	6.7
	2.945
	0.203
	0.058
	0.000
	0.005
	0.021

	Purified water
	Mayer Maszid
	Outlet-2
	24018.60ʺ
90023.02ʺ
	7.0
	0.119
	0.195
	0.045
	0.000
	0.001
	0.020

	Purified water
	Mayer Maszid
	Outlet-3
	24018.60ʺ
90023.02ʺ
	7.1
	0.639
	0.513
	0.000
	0.000
	0.003
	0.026

	Mixed water
	Lobon Kotha
	Canal
	24019.59ʺ
90022.18ʺ
	7.3
	0.793
	0.365
	0.112
	0.000
	0.003
	0.032

	Non-purified water
	Experience textile
	Reservoir
	24027.2̋6ʺ
90023.16ʺ
	10.0
	0.231
	0.160
	0.038
	0.001
	0.006
	0.032

	Non-purified water
	Experience textile
	Canal
	24027.2̋1ʺ
90023.36ʺ
	10.1
	0.922
	0.174
	0.000
	0.000
	0.007
	0.036

	
Range
	
	
	
	6.7-10.1
	0.119-3.999
	0.060-1.491
	0.000-0.112
	0.000-0.065
	0.001-0.007
	0.012-0.038





Comparative effectiveness of soil test kit and soil test based fertilizer doses on rice

Soil testing laboratory is not available everywhere in Bangladesh. In this regard, field experiment was conducted at BINA head quarter’s farm to compare the performance of kit test and soil test fertilizer recommendation on rice. Treatment combinations were T0=control, T1=kit test, T2=T1 + 10% fertilizer, T3=T1 + 20%, T4=T1 + 30%, T5=T1 + 40%, T6=T1 + 50%, T7=T6 + 10% & T8=T6 + 20%. Binadhan-8 was the tested crop. Results revealed that soil test based and 50% fertilizer increment from soil kit test performed equal yield of rice (Fig. 1). Maximum yield was obtained from 10% fertilizer increased from the soil test based fertilizer dose. The lowest grain and straw yield were found in control treatment. Based on these results, it may be concluded that soil test kit can easily supply to farmers and this kit will help to determine optimum fertilizer dose for rice production.


Fig.1. Effect of soil test kit and soil test based fertilizer doses on rice


Effect of urea fertilizer and organic residue doses on rice yield 

Field experiment was conducted at BINA head quarter’s farm to compare the performance of urea and organic residue on rice. Experiment was laid out in a complete randomized design with three replications. Fresh rice straw with four levels (0, 2.5, 5.0 and 7.5 t C ha-1) mixed with soil were tested using recommended dose (100%) and 125% of recommended dose of urea fertilizer. Results revealed that 125% urea fertilizer treated plots produced the highest gain yield of rice (Fig. 2A).  



Fig.2. Effect of different doses of chemical and organic residue on rice grain yield (A-urea fertilizer dose, B-organic residue and C-interaction effect of urea and organic residue)


In respect of organic residue, no organic residue treated plot produced the maximum grain yield of rice (Fig. 2B). Based on these results, it may be concluded that 125% urea can supply sufficient nitrogen for well decompose organic residue and F1T0 produced the maximum grain yield of rice (Fig. 2C).

[bookmark: _Toc327035970][bookmark: _Toc327036581][bookmark: _Toc327044111]Depth distributed fallout radionuclide (FRN) and soil erosion/deposition measurement on a cultivated slope at Khagrachari
[bookmark: _Toc327035971][bookmark: _Toc327036582][bookmark: _Toc327044112]
The study site

[bookmark: _Toc327035972][bookmark: _Toc327036583][bookmark: _Toc327044113]This study was conducted on a hill slope at hill research centre, BARI, Khagrachari, (230 08.504' E, 920 00.140' N - 230 08.516' E, 0920 00.133' N), Bangladesh. The elevation was approximately 92 ft above mean sea level and slope angel was 22.250. The climate was classiﬁed as semi-arid continental monsoon, the annual average temperature was maximum 34.6 °C and the minimum 13 °C, average rainfall was 3031 mm. 


Soil sampling

To determine the depth distribution of FRN (137Cs, 210Pb, 226Ra, 210Pbex, 238U and 40K), soil samples have collected from four positions as summit (S) middle slope (MS) lower slope (LS) and bottom (B) on the slope.  The slope was 60 m long and 25 m wide. Three sampling points were selected from each position to make a composite soil sample. Samples were collected using an 8-cm diameter hand-operated core sampler at 15 m intervals along each hill slope transect and 8 m intervals along the down slope transect on terraces. One core was collected at each sampling point and was then bulked to make a composite sample. To ensure complete FRN inventories of the soil profile, soil sampling depths at summit were 0–45 cm, at middle and lower position were 0–60 cm, and the bottom were 0-75 cm with 15 cm increment. 
The get a reference inventory is of critical importance in using FRN measurements to quantify catchment erosion and sedimentation. In response to these concerns, a potential reference location was identified 500 m far from the study catchment (23008.29' E, 91059.82'N) and elevation was 382 ft above mean sea level. A total of 4 cores were collected at 0-60 cm depth with 15 cm increment from a 10×10 square, with three replicate samples. The site was located within the study catchment and characterized by minimal slope, no erosion/deposition and fully vegetated. 
[bookmark: _Toc327035973][bookmark: _Toc327036584][bookmark: _Toc327044114]
Analysis

Soil samples were air-dried, weighed, and passed through a 2 mm sieve. 137Cs, 210Pb, 226Ra, 210Pbex, 238U and 40K concentrations were measured using a hyper pure coaxial Ge detector coupled to a multi channel analyzer. 137Cs concentration of samples was detected at 661.7 keV using counting time over 80,000 s, which provided an analytical precision of ± 6% for 137Cs. Soil erosion-deposition rate was calculated using mass balance model 2 (Walling and He, 1997).
[bookmark: _Toc327035974][bookmark: _Toc327036585][bookmark: _Toc327044115]
Objectives:

a. Sampling of reference locations to establish the reference inventory.
b. Comprehensive soil sampling to document the depth distribution of FRN (137Cs, 210Pb, 226Ra, 210Pbex, 238U and 40K) and total inventory.
c. Estimation of erosion and sedimentation rates by comparing the 137Cs inventories measured for individual sampling points with the reference inventory.
 

 (
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Fig. 3: Depth distribution of 137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra activity in an undisturbed soil/ reference site

Depth redistribution of FRN (137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra) activity in reference site: 

The depth distribution of the FRN activities for the reference sampled are given in Fig. 3. The 137Cs activities of the reference proﬁles declined sharply from 2.99±0.07 Bq kg-1 in the 0-15 cm to 0.05±0.00 Bq kg-1 at 45-30 cm, 210Pb activities ranged from 33.65±3.51 Bq kg-1 in the 0-15 cm to 23.79±3.31 Bq kg-1 at 30-45 cm, 238U activities ranged from 54.49±4.5 Bq kg-1 in the 45-60 cm to 36.83±2.9 Bq kg-1 at 15-30 cm, 40K activities ranged from 392.09±47.68 Bq kg-1 in the 45-60 cm to 352.09±42.82 Bq kg-1 at 15-30 cm, 226Ra activities ranged from 30.9±0.24 Bq kg-1 in the 45-60 cm to 28.85±0.29 Bq kg-1 at 15-30 cm, 210Pbex activities ranged from 2.75±0.5 Bq kg-1 in the 0-15 cm to 0.23±0.2 Bq kg-1 at 15-30 cm, 30-60 cm soil didn’t contain any 210Pbex. An average value of 889.4±39.7 Bq m−2 137Cs, 27869.2±2626.8 Bq m−2 210Pb, 37693.04±3075.9 Bq m−2 238U, 312671.8±38028.6 Bq m−2 40K, 24958.5±515.7 Bq m−2 226Ra and 27869.2±2626.8 Bq m−2 210Pbex was obtained from the local reference inventory. It is recommended to check these levels measured in the reference site with the estimated value of global distribution of 137Cs for the location. In this case the measured reference inventory was slightly lower than the 137Cs values of global distribution in Argentina given by Bujan et al. (2003). 

Quantifying depth redistribution of FRN (137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra) in study slope:

137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra were found distributed in the top 0-45 cm at summit position (Fig. 2). 137Cs activity varied from 2.34±0.27 to 0.08±0.01 Bq kg-1, 210Pb from 47.5±3.17 to 31.44±3.75 Bq kg-1, 238U from 42.77±4.1 to 17.65±2.9 Bq kg-1, 40K from 450.9±54.8 to 278.9±33.9 Bq kg-1, 210Pbex from 26.3±3.2 to 0.94±1.8 and 226Ra from 35.5±0.73 to 21.2±46 Bq kg-1 Bq kg-1.
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Fig. 4: Depth distribution of 137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra activity in summit position
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Fig. 5: Depth distribution of 137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra activity in middle slope position

At middle slope 137Cs, 210Pb, 238U  and 210Pbex and  were found distributed also in the top 0-45 cm at middle slope position but 40K &226Ra distributed in 0-60 cm (Fig. 3). 137Cs activity varied from 2.18±0.01 to 0.08±0.01 Bq kg-1, 210Pb from 60.67±3.9 to 35.77±3.0 Bq kg-1, 238U from 63.49±4.2 to 35.47±4.0 Bq kg-1, 40K from 496.2±60.3 to 393.9±47.9 Bq kg-1, 226Ra from 43.8±0.9 to 29.7±0.6 Bq kg-1 and 210Pbex from 19.6±4.1 to 0.99±1.1 Bq kg-1.
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Fig. 6: Depth distribution of137Cs, 210Pb, 238U, 40K, 226Ra and 210Pbex activity in lower slope position

At lower slope position FRN were found in the top 0-60 cm soil except 210Pbex (Fig. 4). 137Cs activity varied from 3.91±0.13 to 0.04±0.01 Bq kg-1, 210Pb from 57.2±3.2 to 27.1±2.7 Bq kg-1, 238U from 46.34±4.3 to 36.6±3.3 Bq kg-1, 40K from 486.5±59.1 to 324.1±39.4 Bq kg-1, 226Ra from 38.3±0.8 to 29.7±0.6 Bq kg-1 and 210Pbex from 27.4±3.3 to 1.5±1.7 Bq kg-1.
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Fig. 7: Depth distribution of 137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra activity in bottom position
At bottom position FRN were found in the top 0-60 cm soil except 137Cs & 210Pbex (Fig. 5). 137Cs activity varied from 2.76±0.17 to 0.01±0.1 Bq kg-1, 210Pb from 56.7±3.4 to 31.7±2.9 Bq kg-1, 238U from 53.56±3.7 to 37.97±3.7 Bq kg-1, 40K from 410.0±49.8 to 331.3±40.3 Bq kg-1, 226Ra from 35.2±0.7 to 26.5±0.7 Bq kg-1 and 210Pbex from 30.24±3.4 to 0.28±0.2 Bq kg-1.

Total inventory:

Total 137Cs inventory of reference site and different slope positions is shown in Fig. 7. An average value of 889.5 Bq m-2, 27869.2 Bq m-2, 37693.04 Bq m-2, 312971.82 Bq m-2, 608.8 Bq m-2 and 24958.5 Bq m-2 was obtained for the local reference 137Cs, 210Pb, 238U, 40K, 210Pbex and 226Ra inventory, respectively.
The 137Cs total inventory for the summit (804.1 Bq m-2) were 9.6% lower than the reference inventory. It indicated that these positions experienced soil erosion. In contrast, the inventory for the middle slope position (975.01 Bq m-2), lower slope position (1173.07 Bq m-2), and bottom position (1304. Bq m-2), was 9.6%, 31.9% and 46.7% higher than the reference inventory. It thus indicated that this position experienced soil sedimentation. 

Soil erosion/deposition:

The estimated erosion/deposition rates from Mass Balance Model 2 indicated (Fig 7) that soil eroded from summit positions by 2.32 t ha-1 yr-1and deposited on middle slope position (2.29 t ha-1 yr-1), lower slope position (7.59 t ha-1 yr-1), and bottom position (11.12 t ha-1 yr-1). Soil was eroded from the higher elevation and deposited on the lower elevation.


Effect of micronutrients (Zn, B and Mo) on yield by Boro - T.aman – Mungbean cropping pattern

Two field experiments were conducted during 2015-2016 with an objective to evaluate the effect of Zn, B and Mo on Boro - T.aman – Mungbean rice cropping sequence. The soil was sandy loam in texture having pH 6.30, organic matter 1.24%, total N 0.11%, available phosphorus 2.44 ppm; exchangeable K 0.05 meq%; available S 6.62 ppm; exchangeable available Zn 0.45 ppm and available boron 0.17 ppm.

The experiments were designed with eight treatments laid out in a randomized complete block design with three replications. The treatments were as follows: 1. NPKS (control), 2. Zn, 3. B, 4. Mo, 5. Zn + B, 6. Zn + Mo,7. B + Mo and 8. Zn + B + Mo.

The doses of nutrient elements for boro rice were 100 Kg N ha-1, 18 Kg P ha-1, 75 kg K ha-1, 13 Kg S ha-1, 2 Kg Zn ha-1, 1 kg B ha-1, 1 Kg Mo ha-1 and for T. aman rice were 75 Kg N ha-1, 13 Kg P ha-1, 43 kg K ha-1, 10 Kg S ha-1. Micronutrients have applied once a year in boro rice. The nutrient Zn was supplied from zinc oxide, B from borax and Mo from ammonium molybdate. All plots received an equal amount of N, P, K and S from Urea, TSP, MP and Gypsum, respectively. One third of urea and entire amount of other fertilizers were applied as basal in each plot during final land preparation for both crops. The second split of urea was applied at maximum tillering stage and the third split of urea at panicle initiation stage. 

The unit plot size was 4m x 3m and the total number of plots of each experiment were 24 (8×3). In rice crop, 2-3 no. of healthy seedlings of 25 days old transplanted in the experimental plots. Intercultural operations such as irrigation and weeding were done whenever required to ensure normal growth of the crop. The crop was harvested at maturity. After harvest of Boro rice all the unit plots were kept as it was brought under T. aman cultivation during the following Rabi season. Intercultural operations such as weeding irrigation were done whenever required. The crop was harvested at full maturity. Prior to harvest, ten plants from each plot were collected randomly for recording different yield components. Grain and straw samples for both the crops from every plot were chemically analyzed for N, P, K, S, Zn, B and Mo contents.

In case of first crop boro rice, the grain and straw yields were responded significantly to the added micronutrients on the crop (Table 1). The highest grain yield (6.93 tha-1) was recorded with treatment T8 which was statistically identical to T4 and T2 and the lowest yield ha-1 was recorded in control treatment. Based on grain yield, the treatments may be ranked in order of T8>T5 > T2> T3 > T6 > T4 >  T7  > T1 . Incase of individual effect of Zn, B and Mo the  B missing plot (treatment T3) recorded lower grain yield compared to Zn  missing plot (treatments T2).
 
In T. aman rice, the grain and straw yields were also responded significantly to the added micronutrients on the crop (Table 30). Like boro rice the highest grain yield of 6.7 tha-1, recorded with treatment T8  which was statistically identical to  T5  and T6 and the lowest yield ha-1 noted with control treatment . In producing grain yield, the treatments may be ranked in order of T8 > T5 > T6 > T2> T3 >  T7  > T4 > T1 .


Table 30: Effect of Zn, B and Mo on grain and straw yield of Boro - T.aman rice

	Treatments
	Boro rice
	T. Aman

	Boro rice
	T. Aman
	Grain yield
(t ha-1)
	Straw yield (t ha-1)
	Grain yield
(t ha-1)
	Straw yield (t ha-1)

	N100P18K75S13 (control)
	N75P13K43S10 (control)
	5.47b
	7.7c
	4.7c
	6.8

	Zn2
	Zn0
	6.67a
	8.8abc
	5.4bc
	7.2

	B1
	B0
	6.43ab
	8.3bc
	5.2bc
	7.1

	Mo1
	Mo0
	6.20ab
	8.3bc
	5.0c
	7.2

	Zn2 + B1
	Zn0 + B0
	6.67a
	9.6ab
	6.3ab
	8.0

	Zn2 + Mo1
	Zn0 + Mo0
	6.40ab
	9.0abc
	6.3ab
	7.7

	B1 + Mo1
	B0 + Mo0
	6.00ab
	8.4abc
	5.1bc
	7.3

	Zn2 + B1 + Mo1
	Zn0+ B0 + Mo0
	6.93a
	9.8a
	6.7a
	8.3

	CV (%)
	-
	5.77
	5.71
	7.86
	7.67

	SE (±)
	-
	0.3
	0.41
	0.36
	0.59


Values in a column with same letter(s) do not differ significantly at 5% level of probability 

Conclusion

From the study it is revealed that the highest crop yield of Boro - T.aman – Mungbean pattern was found by applying Zn, B and Mo @ 2, 1 and 1 kg ha-1 yr-1 in the first crop Boro rice along with recommended dose of N, P, K and S fertilizers.

Simulation on wheat cultivation under different level of salinity during 2015 - 2016 at Satkhira District, Bangladesh

A field experiment was conducted by BINA with wheat variety Barigom 25 at BINA farm in Mymensingh and also in Satkhira district of south-west coastal region of Bangladesh during the dry season of 2015 (December 2015 to March 2016). The wheat seeds were sown on 7 December 2015 and harvested on 20 march 2016 after a growth season of 103 days. The experiment was conducted with three different levels of irrigation water salinity and three different irrigation water application strategies which were assembles in ten different treatments. The first treatment (T1) was farmer’s irrigation practices with a water salinity of 3 dS/m throughout the growth season. The second, third and fourth treatments (T2, T3 and T4) were with irrigation water salinity of 3, 6 and 9 dS/m, respectively with irrigation at 35% depletion of PAW. All the treatments are described in Table 31.

The soil samples from the fields were analyzed for its texture and salinity. The soil texture was found to be silty clay. All other physiological and yield contributing characteristics of wheat were recorded for each plot in the experimental sites. Daily climate data including maximum and minimum air temperatures, relative humidity, sunshine hour, wind speed, and rainfall were collected from Satkhira by BINA. Irrigation schedules and depth of irrigation, groundwater depth and salinity of the locations were also recorded.

Table 31: Description of irrigation water salinity treatments used in this study

	Treatment
	Description

	T1
	Farmer’s irrigation practices with 3 ds/m saline water

	T2
	Irrigation at 35% depletion of PAW with 3 ds/m saline water

	T3
	Irrigation at 35% depletion of PAW with 6 ds/m saline water

	T4
	Irrigation at 35% depletion of PAW with 9 ds/m saline water

	T5
	Irrigation at 55% depletion of PAW with 3 ds/m saline water

	T6
	Irrigation at 55% depletion of PAW with 6 ds/m saline water

	T7
	Irrigation at 55% depletion of PAW with 9 ds/m saline water

	T8
	Irrigation at 75% depletion of PAW with 3 ds/m saline water

	T9
	Irrigation at 75% depletion of PAW with 6 ds/m saline water

	T10
	Irrigation at 75% depletion of PAW with 9 ds/m saline water


	
Data incorporation in the model

In the climate component of the AquaCrop model, climate data was incorporated for calculation of the evaporative demand of the atmosphere, i.e., reference crop evapotranspiration (ET0). Except rainfall, other parameters were incorporated in the ‘ET0 Calculator’ software to calculate ET0 (Allen et al., 1998). Using the ET0 values, rainfall and temperature data, climate file was created in the AquaCrop model.Then other crop, soil and management data were incorporated in the components of the model. Most of the required data were collected from the field investigations during the growth period of wheat. Measured data in the field that were incorporated in the model included initial and maximum canopy covers, maximum rooting depths, days to maximum canopy, senescence, maturity and harvesting, days to build up harvest index, duration of flowering, irrigation events and irrigation water salinity for each treatment and field condition, groundwater depth and salinity, initial soil salinity, etc. Harvested yields and above ground biomasses were calculated using information available from the farmers. Relevant conservative data for the model were obtained from the crop library of AquaCrop and its Reference Manual (Raes et al., 2012).

Model calibration and validation

After collection of necessary primary and secondary data, these were incorporated in different components of the AquaCrop model for calibration and validation. After incorporation of necessary information, the model was first calibrated with treatment T2 and then validated with other nine treatments.Details are provided in Table 32. 

Crop response to salinity stress was obtained by calibrating the model using maximum canopy cover and relative biomass production at a stressed condition (treatment T2). Calibrated model was validated with the information of stresses from different treatments. The validation of the model was performed to determine if the model was correctly calibrated and also to test the performance and accuracy of the model in simulating wheat yields under different experimental conditions properly.

Table 32: Tretaments and their role in the model

	Treatment
	Role in the model

	T1
	Model validation

	T2
	Model calibration

	T3
	Model validation

	T4
	Model validation

	T5
	Model validation

	T6
	Model validation

	T7
	Model validation

	T8
	Model validation

	T9
	Model validation

	T10
	Model validation



AquaCrop Model

Using the ‘Penman-Monteith Equation’ in ET0 calculator, from starting to ending of the growth period of Bari gom 24 (7 December 2015 to 20 March 2016), the reference crop evapotranspiration (ET0) values were calculated using the observed climate data and added in the AquaCrop model. The values ranged from 1.3 mm/day to 5.4 mm/day throughout the growth period of wheat. Also there were rainfall events in 10 different days during the crop growth period. The ET0 and rainfall are shown in Figure 08 along with the dates from sowing to harvesting.
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Figure 8: Daily ET0 and rainfall values of the growth season of wheat from sowing to harvesting stages

Table 33: Input values of parameters used in the AquaCrop model

	Parameters
	Unit
	Values 

	Initial canopy cover, CC0
	%
	1.5

	Maximum canopy cover, CCx (optimum condition)
	%
	100

	Canopy growth coefficient (CGC)
	%
	11.8

	Canopy decline days
	days
	8.0

	Canopy decline coefficient (CDC)
	%
	8

	Days to emerge/recover (DAS)
	days
	8

	Days to maximum canopy (DAS)
	days
	65

	Days to senescence (DAS)
	days
	95

	Days to maturity (DAS)
	days
	103

	Days to flowering (DAS)
	days
	75

	Duration of flowering 
	days
	10

	Length building up HI 
	days
	26

	Determinacy linked with flowering
	
	yes

	Maximum effective rooting depth 
	m
	0.87

	Time to reach maximum rooting depth (DAS)
	days
	103

	Minimum effective rooting depth 
	m
	0.3

	Shape factor describing root zone expansion
	
	1.5



Table 33 (continued): Input values of parameters used in the AquaCrop model

	Base temperature
	°C
	0

	Upper temperature
	°C
	26

	Crop coefficient for transpiration
	
	1.10

	Decline of crop coefficient with age
	%/day
	0.15

	Effect of canopy cover on reducing evaporation in late season stage
	%
	50

	Water productivity, WP 
	gm/m2
	15

	Reference harvest index, HI0
	%
	50

	Threshold for canopy expansion (pexp, upper)
	
	0.65

	Threshold for canopy expansion (pexp, lower)
	
	0.20

	Shape factor for water stress coefficient for canopy expansion 
	
	5

	Threshold for stomatal control (psto)
	
	0.65

	Shape factor for water stress coefficient for stomatal control
	
	2.5

	Threshold for canopy senescence (psen)
	
	0.7

	Shape factor for water stress coefficient for canopy senescence
	
	2.5

	Soil water depletion threshold for failure of pollination (ppol)
	
	0.85

	Possible increase in HI due to water stress before flowering 
	%
	4

	Maximum possible increase of HI
	%
	15

	Cold stress temperature for pollination 
	°C
	5

	Heat stress temperature for pollination
	°C
	35



Initial and maximum canopy covers, duration for emergence or recovery, days to reach maximum canopy, days to senescense, days to maturity, etc., were calculated in the field and some other parameters were taken from the crop library of AuqaCrop. All the phenological characteristics of wheat are presented in Table 33.

Observed wheat yield and biomass under optimum (non-stressed) condition were used in model calibration. Maximum canopy cover under stressed condition and realative biomass values varied with the different irrigation treatments so these values were incorporated in different files for each treatment. Also irrigation events, irrigation water depth and salinity varied with each treatment and were different in each irrigation file (management component) of the model. Minimum and maximum thresholds for salinity were 6 dS/m and 20 dS/m respectively according to the crop library of AquaCrop. The salinity response curve was found to be convex in shape and the shape factor of salinity curve (Ks) was 3. 

Observed yields of wheat for ten different treatments were measured in the field. For each treatment there were three replications and three different observed wheat yields were recorded. For each treatment an average observed yield was calculated and one yield value was simulated in the model to match with the average observed yield. The observed and simulated yields for treatments T1 to T10 are provided in the following Table 34.


Table 34: Observed and model simulated wheat yields

	Treatment
	Replication
	Yield (t/ha)
	Average Yield for each treatment(t/ha)
	Model simulated yield (t/ha)

	T1
	R1
	2.54
	
2.430

	
2.506


	
	R2
	2.36
	
	

	
	R3
	2.39
	
	

	T2
	R1
	2.62
	
2.647

	
2.701


	
	R2
	2.98
	
	

	
	R3
	2.34
	
	

	T3
	R1
	2.08
	
2.030

	
2.065


	
	R2
	1.80
	
	

	
	R3
	2.21
	
	

	T4
	R1
	1.65
	
1.900

	
1.898


	
	R2
	2.01
	
	

	
	R3
	2.04
	
	

	T5
	R1
	2.51
	
2.413

	
2.451


	
	R2
	2.32
	
	

	
	R3
	2.41
	
	

	T6
	R1
	2.17
	
2.137

	
2.186


	
	R2
	1.93
	
	

	
	R3
	2.31
	
	

	T7
	R1
	2.19
	
2.157

	
2.147


	
	R2
	2.17
	
	

	
	R3
	2.11
	
	

	T8
	R1
	2.36
	
2.253

	2.358

	
	R2
	2.06
	
	

	
	R3
	2.34
	
	

	T9
	R1
	2.25
	
2.000

	2.115

	
	R2
	1.86
	
	

	
	R3
	1.89
	
	

	T10
	R1
	1.45
	
1.630

	
1.746


	
	R2
	1.61
	
	

	
	R3
	1.83
	
	



It is observed that model simulated yields of wheat closely match with the observed yields for each treatment (Table 40). For the calibration and validation cases, simulated yields have a very narrow error margin (Root Mean Square Error: 0.21) in comparison with the observed yields. This proves the accuracy of the model to provide practical yield values using field information.

The observed and simulated yields of wheat for different treatments are plotted with each other and are shown in the following Figure 09. In the figure it can be observed that the model simulated yields and observed yields are very close to each other. Following Figure 3 represents the comparison of model simulated yields for each treatment with the range of observed yields from three different replications per treatment. Higher and lower yield limit plot lines indicate the limiting yield values of three replications for each treatment. The middle line represents the simulated yield values for treatment T1 to T10.
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Figure 09: Observed and simulated yields of wheat for ten different treatments
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Figure 10: Range of observed yields and simulated yields of wheat for different treatments

Figure 10 proves that the simulated yield lies within the range of observed yields for each treatment in the field. This authenticates the fact that AquaCrop model can capture the wheat yields in different irrigation and salinity treatment reasonably well. These results further indicate that, if the model is calibrated and validated properly, then it can be used to simulate dry season wheat yields under different irrigation water availability and salinity conditions.

Conclusion

Using the data, analysis of AquaCrop model performed on wheat yields. The observed and model simulated yields were close matches which indicates the success of this experiment and also the accuracy of the AquaCrop model in simulating wheat yields in different field and management conditions. If calibrated and validated properly, the model can simulate yields of other dry season crops in the saline condition of coastal areas like Bangladesh with variable soil, climatic and hydrological conditions. 

Effect of rhizobia strains on growth, nodulation and yield of soybean 

Field experiment was conducted to see the performance of rhizobia isolates on growth, nodulation and yield of soybean at BINA Head Quarters farm in 2015-2016. There were eight treatments viz. six rhizobia isolates along with 30 kg N/ha and one uninoculated nitrogen control. The soil used in the study was with pH 6.6, organic carbon 1.10%, N 0.087%, P 15 ppm, K 19 meq/100 g and S 17 ppm. The experiment was laid out in randomized complete block design with three replications. Binasoybean-4 was used as test crop variety in the study. TSP, Mop, Gypsum, Boric acid and zinc oxide were applied plot wise after layout preparation. All six strains were inoculated into yeast mannitol broth medium containing flasks and incubated on rotary shaker for 10 days. After optimum growth, purity of broth cultures was checked and made ready for use. Soybean seeds for each treatment were dipped into rhizobia cultures suspension for half an hour so that bacterial cells could be adhered on seed coat. Seeds of ball treatments were sown chronologically as uninoculted prior to inoculated. Data on nodule number and dry weight were recorded at mid flowering stage. Data on grain and stover yield as well as yield attributes were recorded at 40 days after sowing (DAS) and at maturity after harvest. Data showed (Table 35-38) that isolate SbR-4 recorded the highest plant height of soybean followed by SbR-3 (34.67) and N30 (34.47) and SbR-2 (34.07). Isolate SbR-2 and SbR-5 recorded statistically similar but lower plant height of soybean compared to SbR-2, SbR-3, SbR-4, SbR-5 and N30. Only isolate SbR-6 was found statistically similar compared to control in respect of plant height. Control treatment showed the lowest plant height of soybean among the treatments. The highest nodule number per plant was obtained by isolate SbR-3 (20.07) followed by SbR-1(18.90). All the isolates recorded significantly higher nodule number compared to uninoculated control and N applied plots. Nodule dry weight was found the highest in inoculated with SbR-3(190.67 mg/plant) followed by SbR-2 (179.33 mg/plant). All the rhizobia isolates exhibited significantly higher nodule dry weight compared to uninoculated control and urea applied treatments. Treatment N30 showed similar nodule dry weight with uinoculated control. The lowest nodule dry weight was observed in control treatment (67.67mg). Isolate SbR-3 recorded the highest seed yield of soybean followed by Strains SbR-4 and SbR-1. These three strains obtained significantly higher grain yields over uninoculated control. Strains SbR-2, SbR-5, SbR-6 and N30 treatments recorded higher seed yield of soybean compared to control but statistically similar. Uninoculated control treatment showed the lowest amount of seed yield among the treatments. Seed yield ranged from 2.13 to 2.81 t/ha due to different treatments. The highest stover yield of soybean was found with inoculation treatment SbR-3 (2.66 t/ha) followed by SbR-1 and SbR-4. Strain SbR-2 and SbR-5, SbR-6 and N30 recorded higher stover yields over uninoculated control insignificantly. Uninoculated control resulted as the lowest stover yielding among the treatments. The highest number of pod per plant was observed in treatment SbR-3 followed by SbR-4. All other strains showed higher number of pod over control but statistically insignificant. Number of pod per plant of soybean ranged from 48.07 to 64.97. The highest number of seed per pod was found with isolate SbR-1 (3.40) followed by isolate SbR-4 (3.32). All the isolates as well as nitrogen applied treatments showed higher seed per pod as compared to uninoculated control. Number of seed per pod ranged from 2.92 to 3.40. All the strains recorded significantly higher grains per plant exceptSbR-6 over uninoculated control.

All the isolates recorded significantly higher 100-seed weight as compared to uninoculated control. A range of 13.17 to 14.50 gram of 100-seed weight was observed due to inoculation and N application treatment. Isolate SbR-1 showed the highest 100-seed weight of soybean.

Conclusion

From the above discussion it may be concluded that strain SbR-3 was found as the best among the isolates. Strain SbR-4 and SbR-1 also showed better performance in different growth, yield and yield attributing characters. However, this trial may be repeated next year for confirmation of this finding.



Table 35. Effect of rhizobia isolates on growth (plant height and shoot dry weight) of soybean

	Treatment
	Plant height (cm)
	Shoot dry weight (g/plant)

	
	40 DAS
	Mid flowering
	40 DAS
	Mid flowering

	T1: Control
	29.07 b
	43.28 c
	 2.15 b
	  6.60 d

	T2: SbR-1
	  31.00 ab
	   49.07 abc
	   2.31 ab
	    8.90 bc

	T3: SbR-2
	33.03 a
	  50.76 ab
	2.52 a
	10.50 a

	T4: SbR-3
	34.53 a
	51.66 a
	2.56 a
	11.17 a

	T5: SbR-4
	       33.00 a
	51.52 a
	2.53 a
	8.87 a

	T6: SbR-5
	32.50 a
	    49.07 abc
	  2.44 ab
	  8.10 cd

	T7: SbR-6
	32.63 a
	  44.17 bc
	  2.38 ab
	  7.50 cd

	T8: N30
	34.30 a
	  51.35 ab
	2.58 a
	  9.73 ab

	% CV
	3.52

	4.83
	4.88
	6.02


Values in a column with same letter(s) do not differ significantly at 5% level of probability 

Table 36. Effect of rhizobia isolates on number and dry weight of nodule of soybean at different growth period

	Treatment
	Nodule number (No./plant)
	Nodule dry weight (mg/plant)

	
	40 DAS
	Mid flowering
	40 DAS
	Mid flowering

	T1: Control
	4.40 e
	7.53 e
	13.47 d
	67.67 f

	T2: SbR-1
	11.93 bc
	18.90 ab
	37.23 b
	 163.00 bc

	T3: SbR-2
	13.27 ab
	16.50 bc
	43.40 a
	 179.33 ab

	T4: SbR-3
	14.67 a
	20.07 a
	47.10 a
	190.67 a

	T5: SbR-4
	11.33 c
	13.40 cd
	34.93  b
	127.67 d

	T6: SbR-5
	10.53 cd
	15.47 c
	28. 63  c 
	152.00 c

	T7: SbR-6
	8.97 d
	11.33 d
	25.07   c
	102.67 e

	T8: N30
	5.40 e
	8.13 e
	16.67  d
	  70.67 f

	% CV
	4.88
	7.69
	5.13
	5.72


Values in a column with same letter(s) do not differ significantly at 5% level of probability 

Table 37. Effect of rhizobia isolates on grain and stover yield of soybean

	Treatment
	Seed yield
(t/ha)
	Stover yield
(t/ha)

	T1: Control
	2.13 b
	2.04 c

	T2: SbR-1
	2.74 a
	2.58 ab

	T3: SbR-2
	2.52 ab
	2.38 abc

	T4: SbR-3
	2.81 a
	2.66 a

	T5: SbR-4
	2.74 a
	2.55 ab

	T6: SbR-5
	2.36 ab
	2.24 bc

	T7: SbR-6
	2.38 ab
	2.25 bc

	T8: N30
	2.50 ab
	2.37 abc

	Sig. level
	**
	*

	% CV
	6.94
	7.46


Values in a column with same letter(s) do not differ significantly at 5% level of probability 





Table 38. Effect of rhizobia isolates on yield attributing parameters of soybean

	Treatment
	Pod/plant
(No.)
	Seed/pod
(No.)
	Grain/plant
(No.)
	100 seed 
wt (g)

	T1: Control
	48.07 c
	2.92 d
	148.47 b
	13.17 b

	T2: SbR-1
	56.53 abc
	3.40 a
	175.63 a
	14.50 a

	T3: SbR-2
	58.73 abc
	    3.05 bcd
	178.98 a
	14.13 a

	T4: SbR-3
	53.83 abc
	  3.13 a-d
	175.73 a
	14.00 a

	T5: SbR-4
	          64.97 a
	 3.32 ab
	177.27 a
	14.20 a

	T6: SbR-5
	62.87 ab
	  3.14 a-d
	179.30 a
	14.03 a

	T7: SbR-6
	50.60 bc
	 2.98 cd
	   159.97 ab
	13.80 ab

	T8: N30
	55.87 abc
	   3.30 abc
	173.60 a
	14.40 a

	% CV
	7.30
	5.03
	68.478
	2.59


Values in a column with same letter(s) do not differ significantly at 5% level of probability 

Performance of brady rhizobia strains on growth, nodulation and yield of Felon in pot condition

A pot experiment was conducted to evaluate the performance of some bradyrhizobiual strains/isolates on growth, nodulation and yield of Felon in pot condition in 2016. The study was placed at Biofertilizer Comlex. There were fourteen treatments i.e. thirteen rhizobia strains and one uninoculated control. Twelve kg silt loam soil was used in each plastic pot. Phosphorus, potassium, sulphur, boron and zinc were applied as basal at final pot preparation. Inoculants of thirteen strains were grown in yeast mannitol broth @ 109 cells /ml and seeds were dipped in to bacterial culture for half an hour and then sown in pot soil. BARI Felon-1 was used as test crop cultivar. Four plants were maintained in each pot. Pots were irrigated as and when necessary. Weeds were removed from the pots when appeared. Insecticide was applied when infested by insects. Data on plant growth and nodulation were recorded in vegetative growth period. Size, number and yield of green pod were recorded in time. Grain yields were recorded after ripening, seeds were separated from husks and weighed.  Results  (Table 39-40) revealed that all the inoculated treatments showed better performance in growth, nodulation and yield parameters of Felon over uninoculated control. The highest plant height was recorded in treatment strain FM-8 followed by strain FM-20. Treatments FM-3, FM-4, FM-10, FM-14 and FM-18 also showed similar height with treatment FM-8. The highest nodule number was observed in treatment FM-20 followed by FM-1, FM-4, FM-8, FM-9, FM-10 and FM-14. In case of nodule dry weight, the highest weight was recorded with strain FM-20 followed by FM-8. Strains FM-4, FM-9 and FM-3 also produced higher nodule dry weight over other inoculation treatments. Strain FM-4 exhibited the highest pod length followed by strain FM-10. However, strains FM-1, FM-6, FM-8 and FM-20 recorded also better pod length among the inoculated treatments. Strain FM-4 showed the highest pod number per plant among the treatments followed by FM-3, and FM-9. Strains FM-8, FM-10, FM-14, FM-18 and FM-20 recorded similar pod number with treatment FM-4.

The strain FM-8 recorded the highest green pod (vegetable) of Felon among the treatments followed by FM-20. Strains FM-4, FM-9 and FM-3 also recorded similar green pod/ vegetable yield with strain FM-8. Grain yield was found highest in treatment FM-20 followed by FM-4. Strains FM-8, FM-3, and FM-9 showed significantly similar grain yield to that of strain FM-20 and FM-4.

Conclusion:

From above results, strains FM-4, FM-8 and FM-20 were found as the best strains based on growth, nodulation and yield (vegetable and grain) performance. These three strains were selected as better strains for use as biofertilizer for Felon production. However, observation of their field performance is necessary for final recommendation.

Table 39. Effect of bradyrhizobia strains/isolates on nodulation and growth of felon in pot condition 

	Treatments
	Plant height (cm)
	Nodule Number (no./plant)
	Nodule dry wt. (mg/plant)
	Pod length
(cm)

	FM-0
	29.07d
	6.33e
	20.70 f
	12.33 d

	FM-1
	40.25bc
	46.37ab
	109.20 d
	14.95 abc

	FM-3
	48.20 abc
	41.77 bc
	179.9 b
	14.08 a-d

	FM-4
	50.68 ab
	42.27 abc
	195.6 b
	15.67 a

	FM-5
	38.19 cd
	29.47 d
	64.37 e
	12.91 cd

	FM-6
	48.24 abc
	40.87 bc
	124.6 cd
	15.00 abc

	FM-8
	54.20 a
	45.30 abc
	202.5 ab
	15.00 abc

	FM-9
	49.94 ab
	45.17 abc
	187.7 b
	14.33 a-d

	FM-10
	46.69 abc
	46.15 abc
	115.3 cd
	15.55 a

	FM-11
	37.82 cd
	28.18 d
	94.25 d
	14.03 a-d

	FM-13
	38.81 cd
	27.51 d
	119.7 cd
	13.10 bcd

	FM-14
	44.41 abc
	45.16 abc
	146.8 c
	13.92 a-d

	FM-18
	44.81 abc
	38.26 c
	117.3 cd
	14.25 a-d

	FM-20
	53.64 a
	50.14 a
	227.5 a
	15.40 ab

	Sig. level
	**
	**
	**
	**

	%CV
	9.59
	8.15
	9.61
	2.22












Table 40. Effect of bradyrhizobia strains on yield and yield attributes of Felon in pot condition 

	Treatment
	Pod /plant
(cm)
	Seed /pod
	100 seed weight
(g)
	Vegetable yield
(g/pot)
	Seed yield
(g/pot)

	FM-0
	3.44 e
	10.46 d
	9.25 b
	67.40 h
	15.18 h

	FM-1
	5.79 a-d
	12.61 bc
	9.75 a
	98.35 de
	22.36 cd

	FM-3
	6.76 ab
	12.69 bc
	9.85 a
	118.20 bc
	24.32 bc

	FM-4
	6.90 a
	12.64 bc
	10.00 a
	122.30 ab
	27.24 a

	FM-5
	4.53 de
	12.85 bc
	9.93 a
	72.55 gh
	17.31 gh

	FM-6
	5.09 cd
	13.07 bc
	10.05 a
	85.34 f
	20.51 def

	FM-8
	6.15 abc
	14. 51 ab
	9.95 a
	131.20 a
	26.19 ab

	FM-9
	6.53 ab
	14.14 ab
	9.99 a
	116.30 bc
	24.41 bc

	FM-10
	6.01 abc
	14.23 ab
	9.85 a
	108.20 cd
	21.53 de

	FM-11
	5.62 a-d
	13.04 bc
	9.90 a
	82.27 fg
	19.56 efg

	FM-13
	5.42 bcd
	11.83 cd
	9.83 a
	85.13 f
	18.64fg

	FM-14
	6.34 abc
	12.73 bc
	9.80 a
	92.24 ef
	21.43 de

	FM-18
	6.17 abc
	13.53 abc
	9.76 a
	99.46 de
	22.15 cde

	FM-20
	6.46 abc
	15.40 a
	10.02 a
	130.20 a
	27.34 a

	Sig. level
	**
	**
	*
	**
	**

	%CV
	9.71
	6.67
	2.07
	4.85
	4.78



Characterization of  rhizobia strains isolated from root nodule of lentil, falon and soybean

To develop efficient rhizobial inoculants different rhizobia strains were isolated from root nodules of different pulse, oil seed, vegetable and green manuring crops from different agro-ecological regions of country. The root nodules were collected, surface sterilized and nodule smear was spreaded out on congored yeast extract mannitol agar (CRYMA) plates. Typical colonies were isolated and restreaked on CRYMA plate repeatedly. Finally pure strains of rhizobia were isolated. The strains were characterized through colony morphology, growth on bromo thymol blue (BTB) plate and GPA reactions were observed. Shape of bacterial cells was observed under microscope through using simple staining method. Gram reaction was observed using standard methodology.  A total of 430 strains of rhizobia from  root nodules of different pulse, oil seed, vegetable and green manuring crops were isolated. Among them sixteen strains from lentil, ten from mungbean, thirty nine from blackgram, twenty six from falon, forty two from grass pea, nine from pigeon pea, twenty five from soybean, twelve from groundnut, four from garden pea, three from cowpea and forty two from dhaincha root nodules were isolated and characterized (Table 41). Colonies of all the rhizobia were round shaped, different in size, whitish in colour, smooth and glystaining surface, raised in elevation, smooth margin, opaque and odourless. All the cultures were found no growth on GPA plate. Lentil, grass pea, garden pea and dhaincha rhizobia showed acidic reaction on BTB plates whereas others showed alkaline reaction. All the rhizobia cultures were found short rod in shape through simple staining method under microscope and Gram negative in Gram reaction. Further, nodulation will be tested in Gibson’s tube, Leonard jar and in pot condition. 

Conclusion

Better efficient strains will be screened out and use in field experiment for higher nitrogen fixation, plant growth and crop yield and finally for use in biofertilizer productiion.

Table 41. List of isolates isolated from root nodules of pulse, oil seed, vegetable and green manuring crops 

	Sl
	Host Crop

	Number Strains Isolated

	1
	Lentil
	36

	2
	Mungbean
	30

	3
	Black gram
	39

	4
	Felon
	46

	5
	Grass pea
	42

	6
	Pigeon pea
	09

	7
	Soybean
	35

	8
	Groundnut
	32

	9
	Garden pea
	24

	10
	Cowpea
	23

	11
	Frence bean
	37

	12
	Dhaincha
	42

	13
	Country bean
	35

	
	Total
	430



Biofertilizer production and distribution at BINA in 2015-2016

An amount of 652.3 kg biofertilizer was produced for lentil, mungbean, soybean, groundnut, cow pea, blackgram and dhaincha and distributed to farmers and other users of the country (Table 42).


Table 42. Biofertilizer production and distribution

	SL. No.
	Crop
	Biofertilizer production 
(kg)


	1
	Lentil
	120.2

	2
	Mungbean
	373.4

	3
	Soybean
	95.5

	4
	Groundnut
	45.4

	5
	Cow pea
	3.3

	6
	Blackgram
	10.0

	7
	Dhaincha
	4.5

	                 Total
	652.3





AGRICULTURAL ENGINEERING DIVISION

Research Highlights 

Some mutants survived and produced seed after 24 hr and 36 hr waterlogging at different growth stages. Some mutants showed re-generation capability after 60 hr waterlogging. 

The groundwater recharge rate (under field condition) using tracer technique was found as 257 mm, which is about 12.4 % of yearly rainfall; and by ‘water balance’ method, it was about 155.5 mm, which is about 7.5%  of yearly rainfall.

The groundwater of BINA sub-stations are within the permissible limit for irrigation except Barisal, where high sodium (Na) is a concern; and Sunamgonj and Gopalgonj, where iron is a concern. For drinking purpose, the water for all locations are safe for drinking according to WHO (2011) provisional guideline values, but some elements are higher than the GOB (1997) standard.  

Regarding drought tolerance of NERICA mutants and Binadhan-17, the mutants/cultivars showed their capability to produce good yield under water stress condition. The mutant N4/350/P-4(5) produced the highest yield (6.0 – 6.4 t/ha) for all irrigation management conditions. When considered the irrigation water savings compared to normal irrigation, the stressed treatments saved 25 – 38% irrigation water with insignificant yield reduction.

Water-logging at vegetative stage of sesame showed higher reduction in yield both at 18, 24, and 36 hrs water logging. Due to water logging at early stage, some plants recovered (or re-generated) to some extent, and thus compensated in seed yield. Due to water logging at mid pod-formation stage, the seed yield is less affected for both 18, 24, and 36 hrs. Binatil-2 and Binatil-3 showed consistently moderate seed yield (1.5 – 1.6 t/ha) under water logging at mid pod-formation stage for 18, 24, and 36 hrs. 

Transplanting Boro rice varieties in different dates (Jan.21, Feb.15, Mar.07) showed that, transplanting Binadhan-14 in Feb.15 instead of Jan.21 (which is the normal transplanting time of BRRI dhan-29), can save about 20-30% irrigation water at Rangpur, Ishurdi, and Comilla compare to BRRI dhan-29 transplanted in Jan.21, while yield decreased by 14%.

Medium saline irrigation (7-8 dS/m) couple with intermittent fresh-water irrigation produce good yield (~ 4.4 t/ha) of wheat cultivars. 

Good yield of wheat (~3.6 t/ha) can be obtained with 3 irrigations of medium (6-7 dS/m) saline irrigation water, coupled with application of organic matter, and excess gypsum and MP. 

Saline irrigation at flowering – soft-dough stage negatively affects yield.

Omitting irrigation at CRI stage (T7), has the greatest effect in reducing yield. 

At 55% depletion of soil moisture, the yield was found reasonable for all tested salinity levels (3 - 9 dS/m), although decreasing trend was observed with increasing salinity. 

PROGRAM AREA:  CROP IMPROVEMENT

PROJECT: DEVELOPMENT OF WATERLOGGED TOLERANT SESAME CULTIVAR
Objective: To develop waterlogged tolerant sesame cultivar

Rational:
It is a national demand to develop waterlogged tolerant (different durations at different growth stages) sesame cultivar. According to the demand of Honorable Agriculture Minister and consequently by the direction of BINA authority, we collected local land-races from different regions of the country (and also BINA sesame varieties) and irradiated at different doses of Gamma Rays with a view to obtain desirable mutants.

Irradiation of sesame cultivars and growing of M1 population

Objective: To develop waterlogged tolerant sesame cultivar

Status:     1st year
Methods:
Number of genotypes: 06
Radiation doses:           350, 400, 450, 500, 600, 700, and 900 Gray (Gy)
Growing season:                  March, 2016 – June, 2016
Growing environment: 
(i) Normal field condition 
(ii) Waterlogged treatments
Water-logged conditions tested:
             Different schedules ofwaterlogging were tested. The schedules are:
· water-logging in all stages at different durations
· water-logging in single stages at different durations

Schedule-1.   Definition of waterlogging treatments corresponding to growth phases 

	Treatment 

	Water-logging at growth phase*

	
	early stage (15 -20 DAS)
	vegetative stage (30 -35 DAS)
	flowering stage (40 -45 DAS)
	mid pod formation stage (50 -55 DAS)

	T1 - Control
	0  hr
	0  hr
	0  hr
	0  hr

	T2   
	12  hr
	12  hr
	12  hr
	12  hr

	T3  
	24 hr
	24 hr
	24 hr
	24 hr

	T4 
	36 hr
	36 hr
	36 hr
	36 hr

	T5
	48 hrs
	48 hrs
	48 hrs
	48 hrs

	T6
	60 hrs
	60 hrs
	60 hrs
	60 hrs


· 






Schedule-2.  Definition of waterlogging treatments corresponding to growth phases (early stage)

	Treatment 

	Water-logging at growth phase 

	
	early stage (15 -20 DAS)
	vegetative stage (30 -35 DAS)
	flowering stage (40 -45 DAS)
	mid pod formation stage (50 -55 DAS)

	T1 - Control
	0  hr
	
	
	

	T2   
	12  hr
	
	
	

	T3  
	24 hr
	
	
	

	T4 
	36 hr
	
	
	

	T5
	48 hrs
	
	
	

	T6
	60 hrs
	
	
	



Schedule-3. Definition of waterlogging treatments corresponding to growth phases (mid pod formation stage)

	Treatment 

	Waterlogging at growth phase 

	
	early stage (15 -20 DAS)
	vegetative stage (30 -35 DAS)
	flowering stage (40 -45 DAS)
	mid pod formation stage (50 -55 DAS)

	T1 - Control
	
	0  hr
	
	

	T2   
	
	12  hr
	
	

	T3  
	
	24 hr
	
	

	T4 
	
	36 hr
	
	

	T5
	
	48 hrs
	
	

	T6
	
	60 hrs
	
	



Schedule-4. Definition of waterlogging treatments corresponding to growth phases  (mid pod formation stage)

	Treatment 

	Waterlogging at growth phase 

	
	early stage (15 -20 DAS)
	vegetative stage (30 -35 DAS)
	flowering stage (40 -45 DAS)
	mid pod formation stage (50 -55 DAS)

	T1 - Control
	
	
	0  hr
	

	T2   
	
	
	12  hr
	

	T3  
	
	
	24 hr
	

	T4 
	
	
	36 hr
	

	T5
	
	
	48 hrs
	

	T6
	
	
	60 hrs
	



Schedule-5. Definition ofwaterlogging treatments corresponding to growth phases  (mid pod formation stage)

	Treatment 

	Water-logging at growth phase 

	
	early stage (15 -20 DAS)
	vegetative stage (30 -35 DAS)
	flowering stage (40 -45 DAS)
	mid pod formation stage (50 -55 DAS)

	T1 - Control
	
	
	
	0  hr

	T2   
	
	
	
	12  hr

	T3  
	
	
	
	24 hr

	T4 
	
	
	
	36 hr

	T5
	
	
	
	48 hrs

	T6
	
	
	
	60 hrs



Results:  Some mutants survived and produced seed after 24 hr and 36 hr waterlogging at different growth stages. Some mutants showed re-generation capability after 60 hr waterlogging. 

PROGRAM AREA:  CROP-SOIL-WATER MANAGEMENT
Sub-program area: Groundwater management

PROJECT: STUDIES ON GROUNDWATER RECHARGE FOR SUSTAINABLE USE OF GROUNDWATER USING TRACER AND OTHER ADVANCED TECHNIQUES  

Quantifying natural groundwater recharge using Tracer and other techniques

Objective: To estimate the yearly recharge under field condition.   
Status: 2nd year
Methods:
A- Tracer method
Chloride tracer was applied as a pulse at 20cm depth within the soil profile during 1st week of April (in the field). Infiltration of precipitation transports the tracer downward. The subsurface distribution of applied tracers was determined in October, by excavating a trench for sampling. The Cl concentration was determined by Mohr method, using micro-burette having 0.01 mm readable facility.
The vertical distribution of the tracer was used to estimate the velocity (v), and the recharge rate (R) was calculated as:
R =   vθ   =                             
Where, z is the depth of the tracer peak, t is the time between tracer application and sampling, and θ is the average volumetric water content.   

B- Water balance method  
A simplified form of water balance equation (Yin et al., 2011) was used to estimate recharge:

P = R0 + R + ETa + ΔSM

where: P = rainfall (mm), R0= surface runoff (mm), R = recharge, ETa = actual evapo-transpiration (mm), and ΔSM= change in soil moisture (mm) for the specified time interval. Neglecting the change in soil moisture, and re-arranging, the recharge (R) can be expressed as:
R = P – R0 – ETa  

Runoff estimation – a modified USDA-SCS method  
The USDA-SCS runoff equation is (USDA-SCS 1985):

   			              ………………….(2.1)
Where: Q= runoff (mm), P = rainfall (mm), S=  potential maximum retention after runoff begins (mm). The potential retention (S) can range from zero on smooth, impervious surface to infinity in deep gravel.
In the present study, a modified form of USDA-SCS method is used [subtracting the ‘actual evapotranspiration (ETa)’ from ‘Rainfall (P)’ in equation (2.1)]:


 		                ………………….(2.2)
Based on the field condition during the monsoon rainfall (i.e. grassy/cropped), the ‘S’ value is considered as 3.0 cm; and monthly values of runoff (and hence monthly recharge) was calculated.

ETa calculation

Daily reference crop evapotranspiration (ET0) was calculated using ‘ET0 Calculator’ software of FAO (FAO, 2012). Traditionally, actual crop evapotranspiration (ETa)  is calculated as:

ETa =  ET0×Kc ×Ks = (ET0×Kc )×Ks = ETp × Ks 

where: ET0  is the reference crop evapotranspiration (mm), Kc is the crop coefficient, Ks is the soil moisture stress factor (or dryness factor), ETp is the potential crop evapotranspiration. 

From daily values, monthly values of ETa were calculated. Based on the ‘dryness (or water deficit)’ and ‘wetness (or water surplus)’ condition (i.e. P - ETp, P is the rainfal), the monthly actual crop evapotranspiration (ETam) was calculated as: 

ETam =  ETmp  ,     If Pm > ETmp         (i.e. Ks =1)
                              =  Pm      ,     If Pm < ETmp                                ……………(2.3)

where: Pm is the monthly rainfall,  ETmp is the monthly potential evapotranspiration. 
       
Results:
A:  Tracer method
The tracer concentration profile is depicted in Fig.2.1.  The average recharge rate in this method was found as 257 mm, which is about 12.4 % of yearly rainfall.  The response of water-table (data taken in nearby observation well) due to rainfall is pictured in Fig.2.2. The yearly fluctuation is about 5.5 m. It is to be mentioned here that the associated aquifer is not an unconfined/water-table aquifer, but semi-confined aquifer / leaky aquifer. 
 


Fig.2.1. Concentration gradient of tracer with depth


 [image: ]

Fig.2.2.   Response of water-table due to recharge

B:   Water balance method  
The average recharge rate in this method was found as 155.5 mm, which is about 7.5 % of yearly rainfall.

The recharge rate found using tracer and water balance method for the year 2014 and 2015 are summarized in Table 2.1.

Table 2.1. Recharge rates (% of yearly rainfall) under different methods and years

	Year 
	Method for determining  Recharge

	
	Tracer
	Water balance

	2014
	10.2
	7.3

	2015
	12.4
	7.5



Conclusion

The recharge rate (in 2015) using tracer technique was found as 257 mm, which is about 12.4 % of yearly rainfall; and by ‘water balance’ method it was about 155.5 mm, which is about 7.5%  of yearly rainfall.

 PROJECT: STUDIES ON SURFACE AND GROUNDWATER QUALITY UNDER CLIMATE CHANGE PERSPECTIVES

Groundwater quality for irrigation and drinking suitability at new BINA  substation areas
Objective: To determine the ground water quality at BINA substations. 
Status:   2nd year
Methods: 
The water samples were collected at the end of irrigation period, 15-20 April, 2016. Different cations, anions, heavy metals (Na, Ca, K, Mg, Cl, P, S, Fe, Mn, Zn, Cu, B, Pb, Cd, Ni, Cr) and different parameters such as EC, pH, CO3- -, HCO3 - were determined. The CO3- -, HCO3 - were determined using titration method, and other cations and anions are determined using Atomic Absorption Spectro-photometry method (model: TG990, UK) (with the help of Soil Sci. Div., BINA). The composite parameters SAR, KR (Kelly’s ratio), RC (Residual carbonate), TH (Total Hardness), SI (Salt index) and %Na values were calculated using standard formula. 


Results 
The quality parameters (elemental and composite) for different locations are presented in Table 3.1. The CO3 and Cr were not detected anywhere. 
Interpretation for irrigation	
The values of Cd, Ni were found less than the FAO recommended maximum concentration. When we consider FAO guideline, based on the elemental, SAR, and TDS values, the water are suitable for irrigation at all locations except Barishal and Sunamgonj. At Barishal, the Na content is high, and consequently the SAR value is high (11.7). At Sunamgonj, iron was found slightly higher than the FAO non-restricted limit (5.71 ppm, which can contribute to soil acidification and loss of availability of essential phosphorus and molybdenum). 
Interpretation for drinking
The values of Cd, Ni were found less than the WHO (2011) recommended maximum concentration at all locations. 
The values of Pb was found little higher at Barisal and Jamalpur against the WHO (2011) provisional guideline value. 
In the present WHO guideline (WHO, 2011; fourth edition), the guideline values have not been established for the following naturally occurring chemicals: Br, Cl, H2S, Fe, Mn, Mo, K, Na, SO4, pH, TSS (total dissolved solid) and Hardness. The WHO mentioned the reason for not establishing a guideline value that, the elements occur in drinking water at concentrations well below those of health concern and may affect acceptability of drinking water. 
Considering the other given guideline values of WHO, the water for all locations are safe for drinking. 
When we consider the guideline values of GOB (1997), Pb level is lower at all locations; Iron level is higher at all locations except Barisal and Chapainawabganj; Mn level is higher at all locations except Noakhali and Barishal. Other parameters are within permissible limit. 
Conclusions:  
(1) For irrigation purpose, the groundwater of BINA substations are within the permissible limit for irrigation except Barisal, where high Na is a concern; and Sunamgonj and Gopalgonj, where iron is a concern.
(2) For drinking purpose, the water for all locations are safe for drinking according to WHO (2011) provisional guideline values, but some elements are higher than the GOB (1997) standard.  
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Table 3.1. Water quality parameters at different BINA substation areas  (during 15-20 April, 2016)  
	Location
	Source 
	                                      Basic/elemental  Parameters                
	Composite parameters

	
	
	pH
	EC (dS/m)
	Cl- (ppm)
	HCO3      (ppm)
	K (ppm)
	Na (ppm)
	Ca (ppm)
	Mg (ppm)
	P (ppm)
	S (ppm)
	Fe (ppm)
	Mn (ppm)
	Zn (ppm)
	Cu (ppm)
	B (ppm)
	Pb  (ppm)
	Cd
	Ni
	SAR
	TDS (ppm)
	KR
	RC
	Total Hardness
	% Na
	SI

	Khagrachari
	DTW 
	7.11
	0.49
	1.13
	1.00
	1.85
	56.32
	11.62
	3.012
	0.27 
	2.594
	1.407
	0.091
	0.03
	0.001
	0.085
	0.0
	0.002
	0.003
	3.8
	78.91
	2.95
	0.17
	41.41
	75.07
	-22.6

	Noakhali
	HTW
	7.09
	0.60
	0.62
	2.50
	5.29
	35.31
	9.55
	20.292
	0.55
	0.144
	4.403
	0.191
	0.033
	0
	0.157
	0.0
	0.0
	0.0
	1.48
	77.77
	0.72
	0.35
	107.3
	43.77
	-33.6

	Sunamganj
	DTW 
	7.08
	0.42
	0.87
	4.00
	1.30
	27.53
	7.47
	7.411
	1.40 
	0.865
	5.714
	0.295
	0.008
	0.002
	0.086
	0.0
	0
	0.005
	1.71
	54.92
	1.22
	3.02
	49.15
	55.59
	-31.3

	Chapai-nawabganj
	DTW 
	7.05
	0.79
	0.62
	3.13
	0.95
	38.17
	74.72
	27.68
	0.09
	3.459
	0.895
	0.601
	0.03
	0.004
	0.064
	0.008
	0.002
	0.0
	0.96
	148.8
	0.28
	-2.9
	300.5
	21.88
	-347

	Jamalpur
	DTW 
	6.95
	0.28
	0.62
	1.25
	0.82
	8.01
	6.23
	6.01
	0.41
	0.144
	1.773
	0.225
	0.016
	0.003
	0.052
	0.012
	0.002
	0.0
	0.55
	24.94
	0.43
	0.44
	40.29
	31.42
	-44.8

	Nalitabari
	DTW 
	7.59
	0.33
	1.62
	2.62
	1.21
	15.93
	7.89
	6.43
	0.66 
	0.144
	3.635
	0.201
	0.052
	0.001
	0.074
	
	0
	0.0
	1.02
	39.13
	0.75
	1.7
	46.16
	43.94
	-44.9

	Barishal
	DTW (SRTI)
	7.79
	1.10
	1.5
	3.13
	1.76
	180.6 
	12.45
	3.369
	0.29
	1.009
	0.399
	0.04
	0.006
	0.008
	0.235
	0.017
	0.002
	0.0
	11.7
	203.3
	8.73
	2.23
	44.95
	89.78
	97.71

	Gopalgonj
	DTW 
	7.15
	0.99
	0.87
	1.87
	4.89
	38.31
	91.32
	33.158
	1.76 
	0.144
	7.194
	0.234
	0.007
	0.006
	0.161
	0.005
	0
	0.004
	0.87
	179
	0.23
	-5.4
	364.5
	19.71
	-427

	No restriction for Irrigation (FAO, 1985)
	
	6.5-8.4
	< 0.7 dS/m
	< 92 mg/l
	<91
ppm
	
	
	
	
	
	
	<5 ppm
	<0.2 ppm
	<2.0 ppm
	<0.2 ppm
	
	<5.0 ppm
	0.01
	0.20
	< 3
	<450 ppm
	< 1*
	<1.25*
	<210
ppm*
	
	<0.0*

	Permi. Limit for Irrigation (GOB, 1997)
	
	6.0-8.5
	 1.2 dS/m
	 600 mg/l
	200
ppm
	NYS
	NYS
	NYS
	NYS
	15 ppm
	
	2 ppm
	5 ppm
	10 ppm
	3 ppm
	<2 ppm
	0.1 ppm
	
	
	2.3 
	2100
ppm
	
	
	-
	
	

	Permi.Limit for drinking (WHO, 2011)
	
	NEG
	NEG
	NEG
	-
	NEG
	NEG
	
	
	
	
	NEG
	NEG
	NEG
	2 ppm
	2.4 ppm
	0.01 ppm
	0.003
	0.07
	
	NEG
	
	
	NEG
	
	

	Permi.Limit for drinking (GOB, 1997)
	
	6.5-8.5
	0.6-1
dS/m
	600 ppm
	-
	12 ppm
	200 ppm
	75 ppm
	30-50 ppm
	0 ppm
	
	0.3-1.0 ppm
	0.1
	  5
	  1.0
	1.0
	  0.05
	
	
	 -
	1000
	
	
	200-500 ppm
	
	


NYS = Not yet standardized; NEG = Not established guideline value;   * Not based on FAO, but based on Raghunath (1988). 

Program Area:  CROP-SOIL -WATER MANAGEMENT
Sub-program:           IRRIGATION MANAGEMENT 
Project:                      IRRIGATION MANAGEMENT FOR CEREALS

Supplemental irrigation management for NERICA mutants in drought prone area in Aman Season  
Objectives:
- To study the response of NERICA mutants to water stress
- To determine the critical stage(s) of NERICA mutants to water stress
- To develop appropriate water management strategy for  NERICA mutants

Status:  2nd year                                           
Methods:
The  experiment was conducted at Chapainawabgonj ( Sadar  and  Nachol) and Rajshahi (Godagari and Tanore).  The design was RCBD (with split-plot).  The main-plot treatments were: T1 = Control (farmer’s practice: rainfed, normal levee); T2 =  normal levee (farmer’s practice) and supplemental irrigation ( throughout the growing season) when plant  available soil moisture drops below 60% ; T3   = 20 cm height levee around the plot, and rainfed; T4= 20 cm  height levee around the plot, and supplemental irrigation during booting to soft-dough, if plant available soil-moisture drops below 60%. The sub-plot treatments (Cultivars) were: V1 = N4/350/P-4(5), V2 = N10/350/P-5-4, V3 = N4/250/P-2(6)-26, V4 = N4/250/P-1(2),  V5 = Binadhan-17,   V6 = Check (BRRI dhan 56 ).

The seedlings were transplanted on 29 July, 2015 and harvested during 15 – 22 Oct., 2015. Supplemental irrigation could not be applied in scheduled treatments due to rainfall. 

Results:
The mean yield under different treatments are presented in Table 4.1. The irrigation management treatments, and irrigation×cultivar showed insignificant yield difference; while the cultivars showed significant difference.  
Conclusion:
From present results, it can be said that the cultivar Binadhan-17 and the Check variety BRRI dhan 56 produced good yield at two locations (averaged under different management conditions). 
Table 4.1. Mean effects of treatments (irrigation and cultivars) on grain yield 
 
	Irrigation management
	Grain yield (t ha-1)

	
	Chapai Sadar
	Nachol

	T1
	4.91
	3.62

	T2
	5.00
	3.69

	T3
	5.31
	4.00

	T4
	5.17
	4.06

	THSD(0.05)
	NS
	NS

	Cultivars

	V1
	5.62 a
	3.16 d

	V2
	4.48 b
	3.41 cd

	V3
	4.13 b
	3.39 cd

	V4
	4.44
	3.96 bc

	V5
	5.67 a
	4.94 a

	V6
	6.29 a
	4.25 b

	THSD(0.05)
	
	



Note:   THSD = Tukeys’s Honest Significant Difference. 
Means with the same letter are not significantly (statistically) different at 5% level of probability     by THSD test.
             
Supplemental irrigation management for NERICA mutants in drought prone area in Aus Season  (2016)
Objectives:
- To study the response of NERICA mutants to water-stress
- To determine the critical stage(s) of NERICA mutants to water-stress
- To develop appropriate water management strategy for  NERICA mutants
                                              
Methods:
The  experiment was conducted at Nachol (Chapai Nawabgonj) and Tanur (Rajshahi).  The design was RCBD (with split-plot).  The main-plot treatments were: 
T1 = Control (normal irrigation, 3 days AWD) 
T2 =  normal levee (farmer’s practice, 10~12 cm) and supplemental irrigation ( throughout the growing season) when plant  available soil-moisture (PASM) drops below 50%  
T3   = 20 cm height levee around the plot, and rainfed  
T4= 20 cm  height levee around the plot, and supplemental irrigation during booting to soft-dough, if PASM drops below 50%  
T5= 20 cm  height levee around the plot, and supplemental irrigation during booting to soft-dough, if PASM drops below 75%.

Normal irrigation (common for all) was applied up to 28 days from transplanting. Then the treatments were imposed. 

The sub-plot treatments (Cultivars) were:  
V1 = N4/350/P-4(5) 
V2 = N10/350/P-5-4 
V3 = NERICA-4 
V4 = Binadhan-17 
V5 = Check (BRRI dhan 48 ).

The seedlings (28 days old) were transplanted on 27 April, 2016 and harvested on 27 July, 2016. 

Results:
A -  Nachol (Chapai Nawabgonj) 
The rainfall distribution during crop period is shown in Fig.5.1. The common irrigation amount (including land preparation) was 25 cm. The mean yield under different treatments and interaction effects are presented in Table 5.1 and Table 5.2, respectively. The irrigation amount and frequency under different treatments are presented in Table 5.3. 
The irrigation management treatments, and irrigation×cultivar showed insignificant yield difference, while the cultivars showed significant difference.  Normal irrigation (4 nos.), rainfed (only 01 life irrigation) and soil moisture basis irrigation (50  and 75% depletion of  PASM –  02 and 01 frequency) showed insignificant yield difference, indicating that the cultivars have the capability to produce good yield under water stress condition. The cultivar V1 produced the highest yield for all irrigation management conditions (6.0 – 6.4 t/ha). 
When considered the irrigation water savings compared to normal irrigation (T1), the stressed treatments saved 25 – 39% water with insignificant yield reduction.
The experiment will be repeated in the next year.
[image: ]
Fig.5.1. Rainfall distribution during crop period
Table 5.1. Mean effects of treatments (irrigation and cultivars) on grain yield at Nachol
 		
	Treatments
	Grain yield, t ha-1

	T1
	5.05

	T2
	4.87

	T3
	4.87

	T4
	4.95

	T5
	4.91

	F-test (5%)
	NS

	V1
	6.23  a

	V2
	5.73  b

	V3
	2.47  e

	V4
	4.87  d

	V5
	5.35  c

	F-test (5%)
	


Means with the same letter are not significantly  different at % probability level by Tukeys’s Honest Significant Difference (THSD) test.
             
Table 5.2. Interaction effects of irrigation and cultivars on grain yield (t ha-1)

	Variety
	Yield (t ha-1) under different irrigation treatments

	
	T1
	T2
	T3
	T4
	T5

	V1
	6.41
	6.32
	6.08
	6.17
	6.18

	V2
	5.81
	5.59
	5.72
	5.78
	5.76

	V3
	2.57
	2.42
	2.41
	2.57
	2.40

	V4
	4.99
	4.78
	4.81
	4.87
	4.88

	V5
	5.45
	5.23
	5.33
	5.38
	5.35

	F-test (5%)
	NS

	NS

	NS

	NS

	NS




Table 5.3.  Irrigation frequency, total irrigation and water savings under different treatments

	Irri. treatment
	Common irri. (for establish), cm
	Irri. frequency after establishment
	Applied irrigation amount (cm)
	Total applied water (cm)
	Water savings compared to T1 (%)

	T1
	25
	4
	19
	44
	-

	T2
	25
	2
	8
	33
	25

	T3
	25
	1- life irri.
	2
	27
	39

	T4
	25
	2
	7
	32
	27

	T5
	25
	1
	4
	29
	34



Tanur (Rajshahi)
The mean yield under different irrigations and varieties is presented in Table 5.4. The irrigation management treatments showed insignificant yield difference, but the cultivars showed significant difference. The cultivar V1 produced the highest yield followed by V5.  The interaction effects (yield of varieties under different irrigations) are presented in Table 5.5. The interactions are not significant at 5% probability level. In general, the cultivar V1 produced the highest yield for all irrigation management conditions (4.64 – 5.38 t ha-1). Irrigation treatments and interaction effects showed insignificant yield difference, indicating that the cultivars have the capability to produce good yield under water stress condition.  
The irrigation amount and frequency under different treatments are presented in Table 5.6. The common irrigation amount (including land preparation) was 20 cm. When considered the irrigation water savings compared to normal irrigation (T1), the stressed treatments saved 25 – 38% water with insignificant yield reduction.
The experiment will be repeated in the next season.
Table 5.4. Mean effects of treatments (irrigation and cultivars) on grain yield at Tanur

	 Treatments
	Grain yield, t ha-1

	T1
	4.79

	T2
	4.62

	T3
	4.40

	T4
	4.80

	T5
	4.44

	F-test (5%)
	NS

	V1
	5.06  a

	V2
	4.39  c

	V3
	4.34  c

	V4
	4.43  c

	V5
	4.83  b

	F-test (5%)
	



Means with the same letter are not significantly  different by LSD test at 5% level.
Table 5.5. Interaction effects of irrigation and cultivars on grain yield at Tanur

	Variety
	Yield (t ha-1) under different irrigation treatments

	
	T1
	T2
	T3
	T4
	T5

	V1
	5.23
	5.09
	4.64
	5.38
	4.97

	V2
	4.58
	4.37
	4.31
	4.68
	4.02

	V3
	4.36
	4.48
	4.05
	4.47
	4.35

	V4
	4.85
	4.38
	4.40
	4.36
	4.17

	V5
	4.94
	4.79
	4.59
	5.11
	4.71

	F-test (5%)
	NS

	NS

	NS

	NS

	NS





Table 5.6. Irrigation frequency, total irrigation and water savings under different treatments

	Irri. treatment
	Common irri. (for establish), cm
	Irri. frequency after establishment
	Applied irrigation amount (cm)
	Total applied water (cm)
	Water savings compared to T1 (%)

	T1
	20
	4
	20
	40
	1. 

	T2
	20
	2
	10
	30
	25

	T3
	20
	1
	5
	25
	38

	T4
	20
	2
	10
	28
	30

	T5
	20
	1
	5
	25
	38



Evaluation of NERICA mutants and GSR for drought tolerance (Aus season, in Pot culture)  
Objectives: 

(1)To study the response of NERICA mutants to water stress, (2) To determine the critical stage(s) of NERICA mutants to water stress, (3) To develop appropriate water management strategy for  NERICA mutants.

Methods 

The experiment was conducted in container (Container size: 1.5 m x 1.0 m x 0.28 m) at BINA HQ, Mymensingh. The scheduled treatments were: T1 = Control (normal irrigation, 3 days AWD);  T2 = Irrigation when available soil moisture (ASM) drops below 60% (throughout the growing season); T3=  Irrigation during booting to soft-dough stage, if ASM drops below 60% and normal irrigation for the rest period; T4=  Irrigation when ASM drops below 75% (throughout the growing  season). T5 =  Irrigation when ASM drops below 85% (prior to booting stage), and from booting to soft-dough stage at 75% ASM.
The cultivars were: V1= N4/350/P-4(5), V2= N10/350/P-5-4, V3= N4/250/P-2(6)-26, V4 = Binadhan-17, V5 = Check (BRRI dhan 48). Two series of container (2 replicates) were used. The design was RCBD, with split-plot. The seedlings (28 days old) were transplanted on 29th April, and harvested during 31st July – 7th Aug., 2016. The statistical analysis was performed using statistical software of IRRI, “STAR”.


Results 
The mean effects of irrigation treatments and cultivars on yield and yield attributing characters of rice cultivars are summarized in Table 6.1. The cultivars showed significant difference in tiller/plant, seed/panicle and grain yield, while irrigation treatments showed insignificant difference in yield and yield attributing characters. The yield of cultivars under different irrigation regimes is shown in Table 6.2.  The cultivars V1, V4 and V5 produced good yield under stress condition (T4 and T5) compared to normal irrigation condition (T1), indicating their tolerance capacity under drought (12 – 18 days).  
Table 6.1. Mean effects of irrigation treatments and cultivars on yield and yield attributing characters of  rice cultivars 

	Treatment 
	Plant height
(cm)
	Tiller/ plant

	Panicle length
(cm)
	seed/ panicle
	Grain yield
(gm/m2)

	T1
	85.8
	9.7
	24.0
	87.3
	401.5

	T2
	87.4
	9.6
	22.7
	72.0
	384.0

	T3
	88.0
	11.5
	22.2
	75.1
	381.4

	T4
	85.4
	9.7
	22.4
	68.3
	356.4

	T4
	86.0
	11.3
	20.4
	72.9
	357.6

	F-test (5%)
	NS
	NS
	NS
	NS
	NS

	Cultivars 
	
	
	
	
	

	
	
	
	
	
	

	V1
	91.3
	12.3  a
	22.1
	79.8  ab
	424.7  b

	V2
	75.7
	10.9  a
	22.4
	66.0  c
	269.3  c

	V3
	81.3
	5.7  b
	23.0
	63.6  c
	270.2  c

	V4
	91.2
	11.4  a
	21.8
	92.4  a
	493.37  a

	V5
	93.1
	11.6  a
	22.3
	73.7  bc
	423.4  b

	F-test(5%)
	NS
	
	NS
	
	


Means with the same letter are not significantly (statistically) different at 5% probability level by Tukeys’s Honest Significant Difference (THSD) test.
             

Table 6.2. Interaction effects of irrigation treatments and cultivars on grain yield of rice  

	Treatment 
	Grain yield of different cultivars (gm/m2)

	
	V1
	V2
	V3
	V4
	V5

	T1
	460.8
	290.5
	285.5
	519.5
	451.4

	T2
	417.5
	292.3
	263.0
	517.5
	454.3

	T3
	421.5
	253.3
	252.0
	578.5
	401.5

	T4
	412.6
	250.0
	267.0
	424.0
	428.5

	T5
	410.8
	260.5
	283.5
	427.3
	406.0

	F-test(5%)
	NS
	NS
	NS
	NS
	NS




Table 6.3. Irrigation frequency, total irrigation and water savings under different treatments

	Irri. treatment
	Irrigation up to establishment
(cm)
	No. of irrigation after treatment started (nos.)
	Total irrigation amount (cm)
	water savings (%, compared to T1)
	Irri. date (days after transplanting, DAT)

	T1
	16
	06
	44
	-
	32, 41, 53, 61, 67, 79

	T2
	16
	04
	35
	20
	41, 53, 31, 67

	T3
	16
	04
	34
	23
	41, 51, 61, 79

	T4
	16
	03
	29
	34
	44, 53, 65

	T5
	16
	03
	30
	32
	44, 56, 67



The experiment will be repeated in the next year to confirm the results. 
Conclusion
The cultivars V1, V4 and V5 produced good yield under stress condition compared to normal irrigation condition, which indicates their tolerance capacity under drought. 




Comparative assessment of water saving in Binadhan-14 (A Braus variety) 
Objective
The experiment was conducted to find out the water savings by Binadhan-14 compared to  conventional cultivars.
Methods
The experiment was conducted at BINA HQ, Mymensingh and substations Rangpur, Ishwardi, and Comilla. The design was RCB with split-plot arrangement. The main plot treatments (time of transplanting for saving irrigation) were: T1= Transplanting on 21th January and irrigation at 3 days after disappearance of ponded water (DADPW); T2= Transplanting on 15th February and irrigation at 3 DADPW, T3= Transplanting on 7th March and irrigation at 3 DADPW, T4= Transplanting on 30th March and irrigation at 3 DADPW. The Sub-plot treatments (cultivars) were: V1 = Binadhan-14, V2 = Binadhan-10, Check-1 (BRRI dhan28), V3 = Check-2 (BRRI dhan29). 
Results
The mean grain yields under different treatments (transplanting time) at each level of cultivars in different locations are summarized in Table 7.1. The interaction effects of treatments and varieties showed significant effects at Comilla and Ishwardi. The treatments showed significant effects at Comilla and Rangpur, while the varieties showed significant effects at Ishwardi and Rangpur (not shown). The irrigation needed under different treatments (transplanting time) and cultivars are given in Table 7.2. The irrigation amount varied among locations, mainly due to variation of rainfall (Fig.7.1). Average irrigation savings by T2V1 compared to T1V4 is 37%, while the grain yield decreased by about 14% (Table 7.2). Water savings in T2 compared to T1 is presented in Table 7.3.
Conclusion
Transplanting of Binadhan-14 on 15th February, compared to  Transplanting of BRRI dhan29 on 21th January, saved 37% irrigation water while yield decreased by 14%.
The experiment will be repeated in the next year for confirmation of the results.

Table 7.1 .  Effect of treatments (transplanting time) on grain yield at each level of cultivars  
	Trans. time
	Variety 
	Grain yield, t ha-1
	Average

	
	
	Ish
	Mym
	Comilla
	Rang
	

	T1
	V1
	6.02
	5.12
	4.98 ab
	5.74 b
	5.46

	
	V2
	6.99
	5.57
	6.39 a
	7.12 a
	6.52

	
	V3
	5.32
	5.28
	4.84 b
	6.60 ab
	5.51

	
	V4
	5.53
	6.13
	6.05 ab
	7.04 ab
	6.19

	
	
	
	
	
	
	

	T2
	V1
	6.19
	5.18
	4.74 a
	5.62 ab
	5.43

	
	V2
	7.08
	4.42
	4.03 a
	6.94 a
	5.62

	
	V3
	4.70
	5.22
	3.99 a
	5.79 ab
	4.93

	
	V4
	5.35
	5.76
	5.46 a
	5.04 b
	5.40

	
	
	
	
	
	
	

	T3
	V1
	6.26
	4.13
	3.09 a
	5.78 ab
	4.82

	
	V2
	7.02
	3.95
	2.22 a
	4.77 b
	4.49

	
	V3
	5.04
	3.67
	1.93 a
	6.76 a
	4.35

	
	V4
	5.14
	4.82
	2.10 a
	1.69 c
	3.44

	
	
	
	
	
	
	

	T4
	V1
	6.87
	4.94
	2.58 a
	2.15 a
	4.13

	
	V2
	6.96
	4.45
	2.62 a
	0.97 ab
	3.75

	
	V3
	4.91
	4.17
	1.58 a
	1.53 ab
	3.05

	
	V4
	5.04
	4.99
	0.00 b
	0.65 b
	2.67

	 F-test (5%)
	NS
	NS
	
	
	-



Note: Means with the same letter are not significantly different by LSD at 5% level.

Table 7.2.  Irrigation water requirement (cm) under different transplanting time at each level of cultivars  
	
	
	Comilla
	Mym
	Iswardi
	Rangpur
	Average

	T1
	V1
	34
	36
	47
	78
	49

	
	V2
	34
	36
	47
	83
	50

	
	V3
	34
	36
	47
	78
	49

	
	V4
	34
	40
	50
	93
	54

	
	
	
	
	
	
	

	T2
	V1
	23
	36
	39
	60
	40

	
	V2
	23
	36
	39
	75
	43

	
	V3
	23
	36
	39
	60
	40

	
	V4
	23
	36
	52
	110
	55

	
	
	
	
	
	
	

	T3
	V1
	19
	27
	40
	82
	42

	
	V2
	19
	27
	40
	92
	45

	
	V3
	19
	27
	40
	82
	42

	
	V4
	19
	27
	52
	92
	48

	
	
	
	
	
	
	

	T4
	V1
	0
	32
	40
	59
	33

	
	V2
	0
	32
	40
	69
	35

	
	V3
	0
	32
	40
	59
	33

	
	V4
	0
	32
	46
	69
	37



Table 7.3 . Water savings (cm) in T2 compared to T1
	
	Comilla
	Mym
	Iswardi
	Rangpur
	Av.

	V1
	32
	0
	17
	23
	18

	V2
	32
	0
	17
	10
	15

	V3
	32
	0
	17
	23
	18

	V4
	32
	10
	-4
	-18
	5
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Fig. 7.1.  Rainfall distribution during rice growing period 
PROGRAM AREA:  CROP-SOIL -WATER MANAGEMENT
Sub-program area: Water management for field crops
PROJECT:  DRAINAGE MANAGEMENT FOR SESAME
Response of sesame mutants to waterlogging at different growth stages   
Objective

The objectives of the study were to observe the response of sesame to waterlogging, and to determine the critical stage(s) of sesame for waterlogging 

Methods

The experiment was conducted at BINA HQ, Mymensingh and sub-station, Magura. The design was RCB with split-plot arrangement, having three replications. The main plot treatments (waterlogging) were: T1 = Control (no waterlogging), T2  = waterlogging at early stage (15 -20 DAS) for 24 hours, T3 = waterlogging at vegetative stage (30 -35 DAS) for 24 hours, T4= waterlogging at early flowering stage (40 -45 DAS)  for 24 hours, T5 = waterlogging at mid pod formation stage (50 -55 DAS) for 24 hours. The Sub-plot treatments (Variety) were: V1 = SM-8, V2 = SM-9, V3 = SM-067, V4 = Binatil-2 (Check), V5 = Binatil-3 (Check). The data were analyzed using “STAR” software (of IRRI).
The rainfall patterns at two locations are depicted in Fig.8.1. 

Results
The mean seed yields under different treatments are summarized in Table 8.1. Thewaterlogging treatments showed significant difference in yield at Magura, but not at Mymensingh.waterlogging at vegetative and early stages showed higher reduction in yield, and the mid pod formation showed the least reduction. Overall, the yield at Magura was higher compared to that of Mymensingh. This may be due to the differential rainfall pattern between the locations. The seed yield of different cultivars under differentwaterlogging treatments is summarized in Table 8.2. The interaction effects are not significant at 5% level of probability. 


Table 8.1.  Mean sesame yield of sesame under different treatments  
	Treatments
	Mean seed yield, kg ha-1

	
	Magura
	Mymensingh

	T1
	1.63  a
	1.51

	T2
	1.40  bc
	1.49

	T3
	1.21   c
	1.15

	T4
	1.54  ab
	1.16

	T5
	1.62  a
	1.48

	F-test (5%)
	
	NS


Means with the same letter within a column are not significantly different at 5 % level by LSD.
Table 8.2.  Effect of treatments on sesame yield at each level of cultivars  
	
	Treat-
ment 
	Seed yield, t ha-1 

	
	
	V1 =SM-8
	V2 =SM-9
	V3 = SM-067
	V4= Binatil-2
	V5= Binatil-3

	
Mymensingh 
	T1
	1.52
	1.46
	1.32
	1.65
	1.59

	
	T2
	1.50
	1.44
	1.44
	1.61
	1.47

	
	T3
	1.19
	1.02
	1.11
	1.19
	1.28

	
	T4
	1.05
	1.06
	1.28
	1.15
	1.25

	
	T5
	1.53
	1.29
	1.45
	1.60
	1.51

	
	F-test (5%)
	NS
	NS
	NS
	NS
	NS

	 
 Magura
	T1
	1.75
	1.66
	1.60
	1.59
	1.54

	
	T2
	1.33
	1.38
	1.08
	1.48
	1.70

	
	T3
	1.21
	1.17
	1.17
	1.24
	1.26

	
	T4
	1.45
	1.45
	1.30
	1.91
	1.60

	
	T5
	1.76
	1.70
	1.50
	1.58
	1.57

	
	F-test (5%)
	NS
	NS
	NS
	NS
	NS
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Fig.8.1. Rainfall distribution at Mymensingh and Magura during crop period
The experiment will be repeated in the next year to confirm the results.
Response of sesame mutants to waterlogging for different durations

Objective

The objectives of the study were to observe the response of sesame to waterlogging, and to determine the critical stage(s) of sesame for waterlogging. 

Method

The experiment was conducted at BINA HQ, Mymensingh and sub-station, Magura. The design was RCB with split-plot arrangement, having three replications. The main plot treatments (water-logging) were: T1  = waterlogging at early stage (15-20 DAS) for 18 hours, T2   = waterlogging at early stage (15-20 DAS) for 36 hours (1.5 days),   T3 =waterlogging at vegetative stage (30-35 DAS) for 18 hours, T4 = waterlogging at vegetative stage (30-35 DAS) for 36 hours, T5=waterlogging at early flowering stage (40-45 DAS) for 18 hours,  T6= waterlogging at early flowering stage (40-45 DAS) for 36 hours, T7 = waterlogging at mid pod formation stage (50-55 DAS) for 18  hrs, T8 = waterlogging at mid pod formation stage (50-55 DAS) for 36  hrs. The Sub-plot treatments (Variety) were: V1 = SM-8, V2 = SM-9, V3 = SM-067, V4 = Binatil-2 (Check), V5 = Binatil-3 (Check).

Results

The mean seed yields under different treatments are summarized in Table 9.1. The waterlogging treatments showed significant difference in yield both at Magura and Mymensingh. Waterlogging at vegetative stage showed higher reduction in yield. Due to waterlogging at early stage, some plants recovered (or re-generated) to some extent, and thus compensated in seed yield. 
The seed yields of different cultivars under different waterlogging treatments are summarized in Table 9.2. The interaction effects are not significant at 5% level of probability. 
The experiment will be repeated in the next year to confirm the results.
Table 9.1.  Mean seed yield of sesame under different treatments  
	Treatments
	Mean seed yield,  t ha-1

	
	Magura
	Mymensingh

	T1
	1.49  ab
	1.91  a

	T2
	1.35  ab
	1.42  ab

	T3
	0.97  a
	1.31  ab

	T4
	0.71  b
	1.18 b

	T5
	1.57  a
	1.36  ab

	T6
	1.39  ab
	1.29  ab

	T7
	1.59  a
	1.62  ab

	T8
	1.56  a
	1.56  ab

	F-test (5%)
	
	


Means with the same letter within a column are not significantly different at 5 % level by THSD test.


Table 9.2.  Effect of treatments on sesame yield at each level of cultivars  
	Location
	Treat
ment 
	Seed yield, kg ha-1

	
	
	V1 =SM-8
	V2 =SM-9
	V3 = SM-067
	V4= Binatil-2
	V5= Binatil-3

	
Mymensingh 

	T1
	1.91
	1.86
	1.85
	1.95
	1.98

	
	T2
	1.54
	1.52
	1.11
	1.33
	1.61

	
	T3
	1.18
	1.18
	1.06
	1.65
	1.47

	
	T4
	0.98
	1.32
	1.04
	1.30
	1.26

	
	T5
	1.32
	1.36
	1.18
	1.50
	1.46

	
	T6
	1.30
	1.35
	1.13
	1.48
	1.19

	
	T7
	1.67
	1.71
	1.44
	1.59
	1.71

	
	T8
	1.49
	1.67
	1.40
	1.60
	1.62

	
	F-test (5%)
	NS
	NS
	NS
	NS
	NS

	 
 Magura
	T1
	1.75
	1.70
	1.35
	1.53
	1.10

	
	T2
	1.11
	1.40
	1.19
	1.48
	1.58

	
	T3
	1.20
	1.02
	0.83
	0.81
	0.99

	
	T4
	0.61
	0.69
	0.59
	0.71
	0.93

	
	T5
	1.73
	1.72
	1.61
	1.39
	1.39

	
	T6
	1.16
	1.44
	1.27
	1.64
	1.44

	
	T7
	2.04
	1.35
	1.53
	1.59
	1.46

	
	T8
	1.39
	1.48
	1.60
	1.81
	1.54

	
	F-test (5%)
	NS
	NS
	NS
	NS
	NS




PROGRAM AREA:  CROP-SOIL -WATER MANAGEMENT
Sub-program area: Water management for saline area

PROJECT: DEVELOPMENT OF APPROPRIATE WATER MANAGEMENT PRACTICES FOR INCREASING WATER PRODUCTIVITY IN SALINE AREA

Irrigation management for wheat lines/cultivars under saline condition 

Objective 

The experiment was aimed to find out the effect of brackish/saline water on wheat yield and to find out the optimum irrigation management option for higher yield.

Status:  2nd year

Methods 

The experiment was conducted at Kharibila, Satkhira Sadar.  The experimental design was RCBD (with split-plot arrangement) with 3 replications. Irrigation treatments were allocated in the main plot. The main plot size was 4  m × 3 m. 
The irrigation treatments are given in Table 10.1.

Table 10.1. Details of irrigation treatments  

	Treatment ID
	dS of irri. water
	    S, K
	 Organic   
   Matter
	Stages of irrigation  

	
	
	
	
	Stage-1
CRI
(20-25)
	Stage-2
Late-tillering
(40-45)
	Stage-3
Booting-heading
(55-65)
	Stage-4
Flowering - soft-dough  (65-80)

	T1
	6 - 7
	N
	-
	1
	-
	1
	-

	T2
	6 - 7
	Y
	Y
	1 (S, K)
	-
	1 (S, K)
	

	T3
	6 - 7
	Y
	Y
	1 
	1 (S, K)
	1
	1 (S, K)

	T4
	6 - 7
	Y
	Y
	1 
	1(S, K)
	1(S,K)
	-

	T5
	6 - 7
	Y
	-
	1 
	1(S, K)
	-
	1 (S, K)

	T6
	6 - 7
	Y
	-
	1  
	-
	1 (S, K)
	1 (S, K)

	T7
	6 - 7
	Y
	-
	-
	1 (S, K)
	1 (S, K)
	1  

	T8
	Multi-
	Y
	-
	1(7 – 8 dS)
(S, K)
	1 (pond/Canal)
2-3 dS
	1(7 – 8 dS)
(S, K)
	1 (pond/Canal)
2-3 dS

	T9
	Multi-
	Y
	Y
	1(7 – 8 dS)
(S, K)
	1(7 – 8 dS)
	1 (pond/Canal)
2-3 dS
	1(7 – 8 dS)
(S, K)

	T10
	9 - 12
	Y
	Y
	1(S, K)
	1
	1 (S, K)
	1


N = No,  Y = Yes,  
‘1’ means one irrigation at this stage with mentioned water salinity
S = gypsum @ 200 kg/ha, in 2 equal splits (as specified)
K = MP@ 30% additional of normal requirement, in 2 equal splits (as specified)
Organic matter:  Compost (commercial) fertilizer  @ 0.5t/ha  +    Cowdung  @ 2.0t/ha             

The cultivars were: V1 = Binagom-1, and V2 = BARI gom-26 (as check). 
 
Results 

The mean effects of irrigation treatments and cultivars are presented in Table 10.2. The crop duration of the mutant line (V1) was about 7-10 days late compared to BARI gom-26 (V2). During soft-dough stage of the mutant V1, a heavy wind together with rainfall partially damage it (and thus the yield is low), whereas the check cultivar (BARI gom-26) was in hardening stage and was not affected.  
For cultivar V2, the highest grain yield was recorded in treatment T8, where intermittent freshwater (pond water) irrigation was applied (at late-tillering and flowering- soft-dough stage) along with excess gypsum and MP. The second height yield was recorded in T9, followed by T6. When compared among T3 and T4, the yields are statistically identical, but in magnitude, the yield in T4 is higher than that of T3. It is also evident that omitting irrigation at CRI stage (T7) has the greatest effect in reducing yield. Higher salinity level (9-12 dS/m) reduced yield; although cowdung, gypsum and muriate of potash were applied. 

Conclusion

From the above results (one year study), the following conclusions can be drawn:

1. Medium saline irrigation (7-8 dS/m) couple with intermittent fresh-water irrigation produce good yield (~ 4.4 t/ha) of wheat cultivars. 
2. Good yield of wheat (~3.6 t/ha) can be obtained with 3 irrigations of medium (6-7 dS/m) saline irrigation water, coupled with application of organic matter, and excess gypsum and MP.
3. Saline irrigation at flowering – soft-dough stage negatively affects yield.
4. Omitting irrigation at CRI stage (T7), has the greatest effect in reducing yield. 

To confirm the results, the experiment will be repeated in the next year.

Table 10.2. Mean effects of irrigation treatments and cultivars on yield of wheat at Satkhira 
	Treatment 
	Grain yield
(t. ha-1) 

	
	Binagom-1
	BARI ghom-26

	T1
	1.60
	2.99  abc

	T2
	1.63
	3.05  abc

	T3
	1.75
	3.51  abc

	T4
	1.66
	3.66  abc

	T5
	1.59
	3.10  abc

	T6
	1.32
	4.16  ab

	T7
	1.50
	2.90  bc

	T8
	1.35
	4.45  a

	T9
	1.11
	3.68  abc

	T10
	0.87
	2.82  bc

	THSD(0.05)
	NS
	


THSD = Tukeys’s Honest Significant Difference. 
Means with the same letter are not significantly different at 5% probability level by THSD test.
PROJECT:  LANDSCAPE SALINITY AND WATER MANAGEMENT IN COASTAL REGION OF BANGLADESH FOR IMPROVING AGRICULTURAL PRODUCTIVITY (FAO-IAEA/CRP/ BGD- 17732)

Effects of different irrigation approaches on wheat production under different salinity level at farmer’s field in Bangladesh  

Objective:

The objective was to identify appropriate irrigation management practice for wheat under saline condition. 

Status: 1st year

Methods:

The experiment was conducted at Vatkhali,  Shamnogor, Satkhira (farmer’s  field). The test variety was BARI gom-25. The experimental design was RCBD, with 3 replications. The irrigation treatments were:
T1 = Farmer’s practice with 3dS/m saline water 
T2 = Irrigation at 35%  depletion of ASW with 3 dS/m saline water 
T3 = Irrigation at 35%  depletion of ASW with 6 dS/m saline water 
T4 = Irrigation at 35%  depletion of ASW with 9 dS/m saline water 
T5 = Irrigation at 55%  depletion of ASW with 3 dS/m saline water 
T6 = Irrigation at 55%  depletion of ASW with 6 dS/m saline water 
T7 = Irrigation at 55%  depletion of ASW with 9 dS/m saline water 
T8 = Irrigation at 75%  depletion of ASW with 3 dS/m saline water 
T9 = Irrigation at 75%  depletion of ASW with 6 dS/m saline water 
T10 = Irrigation at 75%  depletion of ASW with 9 dS/m saline water 

where, ASW = available soil water (i.e., FC – WP)

The seeds were sown on December 7, 2015 and harvested on March 20, 2016. All cultural practices (e.g. weeding, thinning, insecticide spray) were done when needed. Soil moisture and salinity data were monitored at 10 days interval. The irrigation treatments were imposed according to schedule. Yield and yield contributing parameters were recorded at harvest time. The statistical analyses were performed using “STAR” statistical software of IRRI.

Results:

The mean effects of irrigation treatments on yield parameters and grain yield are presented in Table 11.1. Irrigation treatments showed insignificant difference in yield parameters except 1000 grain weight. The grain yield and straw yield also showed insignificant difference, although there is a decreasing trend of grain yield with the increasing soil moisture depletion level and increasing salinity level of irrigation water. At 55% depletion of soil moisture, the yield is reasonable for all tested salinity levels, although decreasing trend with increasing salinity. 

Conclusion

From the results, it can be concluded that, the tested cultivar can be irrigated at 55% soil moisture depletion and with irrigation water salinity of 6.0 dS/m.

Table 11.1. Mean effects of treatments on yield contributing characters and grain yield of wheat at Satkhira

	Treatments
	plant height (cm)
	tiller/plant
(nos.)
	spike length (cm)
	seed/spike (nos.)
	1000 grain wt. (gm)
	Grain yield (t ha-1)
	straw yield (t ha-1)

	T1
	78.3
	3.9
	9.0
	36.3
	22.2  a
	2.22
	4.68

	T2
	80.2
	4.0
	9.0
	32.4
	19.6  abc
	2.43
	5.04

	T3
	79.7
	4.4
	8.8
	31.7
	18.4  bc
	2.32
	3.76

	T4
	76.1
	4.3
	9.4
	32.0
	17.5  c
	2.25
	3.49

	T5
	79.2
	4.9
	9.2
	32.8
	19.2  abc
	2.55
	4.44

	T6
	78.3
	4.9
	9.9
	29.0
	17.7  c
	2.12
	5.02

	T7
	80.7
	4.4
	8.5
	29.5
	18.9  bc
	1.97
	4.97

	T8
	80.0
	4.3
	9.4
	35.4
	22.1  a
	2.00
	4.29

	T9
	80.2
	4.0
	8.8
	34.0
	21.0  ab
	1.88
	4.58

	T10
	77.4
	3.8
	9.0
	29.0
	20.5  abc
	1.85
	3.63

	THSD (5%)
	NS
	NS
	NS
	NS
	
	NS
	NS



THSD = Tukeys’s Honest Significant Difference Test
Means with the same letter are not statistically different at 5% probability level.
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PLANT PATHOLOGY DIVISION

Research Highlights 

In Aman season, two mutants N4/250/P-2(6)-26 and N4/350/P-5-4 were found highly susceptible while the other five mutants (N4/250/P-1(2), N4/300/P-4(5), RC-2-4-1-2, B-10 and B-11) were susceptible to bacterial leaf blight. All the mutants were susceptible to sheath blight.
In Boro season, the mutant RM (2)-50(C)-2-1-1 was found moderately resistant to bacterial leaf blight and sheath blight. The line B-10 was found moderately resistant to bacterial leaf blight but moderately susceptible to sheath blight. 
In Aus season, three mutants RM-40(C)-1-1, RM-40(C)-1-5 and RM-40(C)-1-7 were found moderately susceptible to bacterial leaf blight while they were susceptible to sheath blight. The experiment conducted at drought region in Aus season with the lines N4/250/P-2(6)-26, N4/350/P-5-4, N4/250/P-1-(2) and N4/350/P-4(5) showed that all the lines except N4/350/P-4(5) were susceptible to bacterial leaf blight and sheath blight. The line N4/350/P-4(5) was found moderately susceptible to sheath blight.
Bish Kachu was found effective to decrease (57%) sheath blight of rice. 
In lentil, the mutants LM-5-3-11, LM-99-4, LM-24-3, LM-206-5 and LM-138-3 were tolerant to root rot. The mutants LM-5-3-11, LM-24-3 and LM-138-3 were moderately susceptible to stemphylium blight.
The fungicide Ditheane-M-45 is highly effective to control root rot of lentil caused by Sclerotium rolfsii when used @ 4.4g/L water. 
In chickpea, the mutants CPM-8-400, CPM-KAB and CPM-8-300 were moderately susceptible to root rot. The mutants CPM-KAB was moderately resistant to botrytis gray mould. 
Five mungbean mutants viz. MBM-07(g)-2, MBM-656-51-2, MBM-427-87-3, MBM-07-Y-2 and MBM-347-13 were moderately susceptible to root rot and yellow mosaic.
The rapeseed mutant MM-64 was tolerant to alternaria blight at Mymensingh but susceptible at Ishurdi. The mutant RC-9 was found susceptible to both the location. 
The sesame mutants  SM-9, SM-067 and SM-085 were found moderately susceptible to leaf blight while SM-8, SM-9, SM-067 and SM-085 were found susceptible to root rot. 
Soybean mutants viz. SBM-22, SBM-18, SBM-15 and SBM-9 were moderately susceptible to collar rot at Mymensingh, but moderately resistant at Magura.
In tomato, all the tested lines (Phili-1, HM-2671, HM-2853 and HM-2722) and the check variety Binatomato-5 showed susceptible reaction to fusarium wilt and late blight.
The onion mutants BP2/100/2 and BP2/75/5 showed tolerant reaction to purple blotch in Rangpur and the mutants BP2/100/2, BP2/75/2 and BP2/75/5 including the check variety BARI piaj3 were susceptible to disease at Mymensingh.
Rice
Evaluation of advanced mutants/lines of rice for bacterial blight and sheath blight during aman season

Seven advanced lines/mutants of rice along with three check varieties and one susceptible check variety were assessed against bacterial leaf blight (Xanthomonas oryzae pv. oryzae) and sheath blight (Rhizoctonia solani) resistance in Aman season of 2015 under inoculated field condition. The experiments were conducted in a randomized block design with three replications at BINA farm, Mymensingh and at BINA sub-station farm of Magura and Chapainawabgonj. The unit plot size was 2 m x 2 m. The distance between lines and hills were 20 cm and 15 cm, respectively. The seedlings were transplanted on 4 August at Mymensingh, 10 August at Magura and 18 August at Chapainawabgonj. The fertilizers were applied as per recommendations. Ten hills in each plot were inoculated at the booting stage with X. oryae pv. oryzae     (2 days old) by clipping method. R. solani (7 days old) was inoculated at collar region. Plants were assessed for bacterial leaf blight and sheath blight severity after two and three weeks of inoculation, respectively following the scale (0-9) developed by IRRI (1999).

Table 1. Disease incidence and severity of bacterial leaf blight and sheath blight of advanced mutants/lines in aman rice, 2015 at Mymensingh

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	B-10
	7
	S
	7
	S

	B-11
	7
	S
	7
	S

	N4/250/P-2(6)-26
	9
	HS
	7
	S

	N4/350/P-5-4
	9
	HS
	7
	S

	N4/250/P-1(2)
	7
	S
	7
	S

	N4/300/P-4(5)
	7
	S
	7
	S

	RC-2-4-1-2
	7
	S
	7
	S

	Binadhan-17
	5
	MS
	7
	S

	Binadhan-7
	7
	S
	7
	S

	BRRI dhan56
	9
	HS
	5
	MS

	TN-1
	9
	HS
	7
	S


MS= Moderately susceptible, S= Susceptible, HS= Highly susceptible
In Mymensingh, for bacterial leaf blight the disease severity ranged from 5 to 9 (Table 1). The mutants showed susceptible to highly susceptible reaction to bacterial blight. The mutants N4/250/P-1(2), N4/300/P-4(5), RC-2-4-1-2, B-10 and B-11 were susceptible while N4/250/P-2(6)-26 and N4/350/P-5-4 were highly susceptible to bacterial leaf blight. For sheath blight BRRI dhan56 was moderately susceptible and all other mutants and check varieties were found susceptible. 
Table 2. Disease incidence and severity of bacterial leaf blight and sheath blight of advanced mutants/ lines in aman rice, at Magura

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	B-10
	7
	S
	7
	S

	B-11
	7
	S
	7
	S

	N4/250/P-2(6)-26
	9
	HS
	7
	S

	N4/350/P-5-4
	9
	HS
	7
	S

	N4/250/P-1(2)
	7
	S
	7
	S

	N4/300/P-4(5)
	7
	S
	7
	S

	RC-2-4-1-2
	7
	S
	7
	S

	Binadhan-17
	5
	MS
	7
	S

	Binadhan-7
	7
	S
	7
	S

	BRRI dhan56
	9
	HS
	5
	MS

	TN-1
	9
	HS
	7
	S


MS= Moderately susceptible, S= Susceptible, HS= Highly susceptible

In Magura, for bacterial leaf blight the disease severity ranged from 5 to 9 (Table 2). The mutants showed susceptible to highly susceptible reaction to bacterial leaf blight. The mutants N4/250/P-1(2), N4/300/P-4(5), RC-2-4-1-2, B-10 and B-11 were susceptible while N4/250/P-2(6)-26 and N4/350/P-5-4 were highly susceptible to bacterial leaf blight. For sheath blight BRRI dhan56 was moderately susceptible and all other mutants and check varieties were found susceptible. 





Table 3. Disease incidence and severity of bacterial leaf blight and sheath blight of some mutants and advanced rice lines in aman, 2015 at Chapainawabgonj

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	B-10
	7
	S
	7
	S

	B-11
	7
	S
	7
	S

	N4/250/P-2(6)-26
	9
	HS
	7
	S

	N4/350/P-5-4
	7
	S
	7
	S

	N4/250/P-1(2)
	7
	S
	7
	S

	N4/300/P-4(5)
	7
	S
	7
	S

	RC-2-4-1-2
	7
	S
	7
	S

	Binadhan-17
	7
	S
	7
	S

	Binadhan-7
	7
	S
	7
	S

	BRRI dhan56
	9
	HS
	7
	S

	TN-1
	9
	HS
	7
	S


S= susceptible, HS= Highly Susceptible
In Chapainawabgonj, for bacterial leaf blight the disease severity ranged from 5 to 9 (Table 3). All the mutants showed susceptible to highly susceptible reaction to bacterial leaf blight. For sheath blight all the mutants and the check varieties were found susceptible. 

Evaluation of some promising mutants/advanced lines of rice for bacterial blight and sheath blight during the boro season

Three lines/mutants (RM (2)-50(C)-2-1-1, B-10, B-11) along with two checks  of rice (Binadhan-10 and TN-1) were assessed against bacterial leaf blight and sheath blight during boro season of 2016 under inoculated field condition at Mymensingh. The experiments were conducted in a randomized complete block design with three replications at BINA farm, Mymensingh and Magura. The unit plot size was 3 m x 2 m with 20 × 15 cm. hill spacing. The seedlings were transplanted on 27 January, 2016. The fertilizers were applied as per recommended doses. The inoculation and assessment were carried out similar to previous experiments conducted in Aman season.


Table 4. Disease incidence and severity of bacterial blight and sheath blight of some mutants/advanced line in Boro, 2016 at Mymensingh

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	RM (2)-50(C)-2-1-1
	3
	MR
	3
	MR

	B-11
	5
	MS
	5
	MS

	B-10
	3
	MR
	5
	MS

	TN-1
	7
	S
	7
	S

	Binadhan-10
	7
	S
	5
	MS


 MR= Moderately resistant, MS= Moderately susceptible, S= Susceptible                       
 
The lines/mutants RM (2)-50(C)-2-1-1 and B-10 were found moderately resistant while B-11 was moderately susceptible and the check varieties were found susceptible against bacterial leaf blight (Table 4). The mutant RM (2)-50(C)-2-1-1 was found moderately resistant and the check varieties (Binadhan-10 and TN-1) were found susceptible to moderately susceptible against sheath blight. 

Evaluation of advanced Aus mutants of rice against bacterial leaf blight and sheath blight 

Three mutants of rice RM-40(C)-1-1, RM-40(C)-1-5 and RM-40(C)-1-7 along with two check varieties (Binadhan-14 and Iratom-24) were assessed against bacterial leaf blight (Xanthomonas oryzae pv. oryzae) and sheath blight (Rhizoctonia solani) resistance in Aus season of 2015 under inoculated field condition. The experiments were conducted in a randomized block design with three replications at BINA farm, Mymensingh and at BINA sub-station farm of Magura and Rangpur. The unit plot size was 2 m x 2 m. The distance between lines and hills were 20 cm and 15 cm, respectively. The seedlings were transplanted on 10 April at Mymensingh, 12 April at Magura and 15 April at Rangpur. The fertilizers were applied as per recommendations. Ten hills in each plot were inoculated at the booting stage with X. oryae pv. oryzae   (2 days old) by clipping method. R. solani (7 days old) was inoculated at collar region. Plants were assessed for bacterial leaf blight and sheath blight severity after two and three weeks of inoculation, respectively following the scale (0-9) developed by IRRI (1999).

Table 5. Disease incidence and severity of bacterial leaf blight and sheath blight of rice mutants in Aus, 2015 at Mymensingh

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	RM-40(C)-1-1
	5
	MS
	7
	S

	RM-40(C)-1-5
	3
	MR
	7
	S

	RM-40(C)-1-7
	3
	MR
	7
	S

	Iratom-24
	3
	MR
	7
	S

	Binadhan-14
	5
	MS
	7
	S


MR= Moderately resistant, MS= Moderately susceptible, S= Susceptible

In Mymensingh, for bacterial leaf blight the disease severity ranged from 3 to 5 (Table 5). The mutants RM -40(C)-1-5 and RM -40(C)-1-7 and the check variety Iratom-24 were found moderately resistant. The mutants RM -40(C)-1-1 and the check variety Binadhan-14 were found moderately susceptible to the disease. All the mutants and the check varieties were found susceptible to sheath blight.  

Table 6. Disease incidence and severity of bacterial leaf blight and sheath blight of rice mutants in Aus, 2015 at Magura
	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	RM-40(C)-1-1
	5
	MS
	7
	S

	RM-40(C)-1-5
	3
	MR
	7
	S

	RM-40(C)-1-7
	5
	MS
	7
	S

	Iratom-24
	3
	MR
	7
	S

	Binadhan-14
	5
	MS
	7
	S


MR= Moderately resistant, MS= Moderately susceptible, S= Susceptible

In Magura, for bacterial leaf blight the disease severity ranged from 3 to 5 (Table 6). The mutant RM -40(C)-1-5 and the check variety Iratom-24 were found moderately resistant. The mutants RM -40(C)-1-1, RM -40(C)-1-7 and the check variety Binadhan-14 were found moderately susceptible to the disease. All the mutants and the check varieties were found susceptible to sheath blight.  
Table 7.  Disease incidence and severity of bacterial leaf blight and sheath blight of rice mutants in Aus, 2015 at Rangpur

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	RM-40(C)-1-1
	5
	MS
	7
	S

	RM-40(C)-1-5
	5
	MS
	7
	S

	RM-40(C)-1-7
	5
	MS
	7
	S

	Iratom-24
	5
	MS
	7
	S

	Binadhan-14
	5
	MS
	7
	S


MS= Moderately susceptible, S= Susceptible

In Rangpur, all the mutants and the check varieties were moderately susceptible to bacterial leaf blight and susceptible to sheath blight (Table 7).

Evaluation of advanced Aus mutants/advanced line of rice against bacterial leaf blight and sheath blight at drought area

Four mutants of rice N4/250/P-2(6)-26, N4/350/P-5-4 , N4/250/P-1-(2) and N4/350/P-4(5) along with two check varieties (Binadha-17 and Binadha-48) were assessed against bacterial leaf blight (Xanthomonas oryzae pv. oryzae) and sheath blight (Rhizoctonia solani) resistance in Aus season of 2015 under inoculated field condition. The experiments were conducted in a randomized block design with three replications at BINA farm, Mymensingh and at BINA sub-station farm of Ishurdi. The unit plot size was 2 m x 2 m. The distance between lines and hills were 20 cm and 15 cm, respectively. The seedlings were transplanted on 30 March, 2015 at Mymensingh 03 April at Ishurdi. The fertilizers were applied as per recommendations. Ten hills in each plot were inoculated at the booting stage with X. oryae pv. oryzae (2 days old) by clipping method. R. solani (7 days old) was inoculated at collar region. Plants were assessed for bacterial leaf blight and sheath blight severity after two and three weeks of inoculation, respectively following the scale (0-9) developed by IRRI (1999).




Table 8. Disease incidence and severity of bacterial leaf blight and sheath blight of rice mutants/ advanced line in Aus, 2015 at Mymensingh

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	N4/250/P-2(6)-26
	5
	MS
	7
	S

	N4/350/P-5-4
	3
	MR
	7
	S

	N4/250/P-1-(2) 
	5
	MS
	7
	S

	N4/350/P-4(5)
	5
	MS
	5
	MS

	Binadhan-17  
	3
	MR
	7
	S

	BRRI dhan48
	3
	MR
	7
	S


MR= Moderately resistant, MS= Moderately susceptible, S= Susceptible

In Mymensingh, for bacterial leaf blight the disease severity ranged from 3 to 5 (Table 8). The mutant N4/350/P-5-4 and the check varieties Binadha-17 and BRRI dhan48 were found moderately resistant to bacterial leaf blight. The mutant N4/350/P-4(5) was found moderately susceptible while all other mutants were susceptible to sheath blight.  

Table 9. Disease incidence and severity of bacterial leaf blight and sheath blight of rice mutants in Aus, 2015 at Ishurdi

	Mutant/variety

	Bacterial leaf blight
	Sheath blight

	
	Disease severity   (0-9)
	Disease reaction
	Disease severity (0-9)
	Disease reaction

	N4/250/P-2(6)-26
	7
	S
	5
	MS

	N4/350/P-5-4
	7
	S
	5
	MS

	N4/250/P-1-(2) 
	7
	S
	5
	MS

	N4/350/P-4(5)
	7
	S
	5
	MS

	Binadhan-17  
	7
	S
	5
	MS

	BRRI dhan48
	7
	S
	5
	MS


MS= Moderately susceptible, S= Susceptible

In Ishurdi, all the mutants and the check varieties Binadha-17 and BRRI dhan48 were found susceptible to bacterial leaf blight and moderately susceptible to sheath blight (Table 9). 


Effect of sulphur and potassium on the incidence of bacterial leaf blight of rice 
An experiment was conducted at BINA farm, Mymensingh during Boro season of 2016 to observe the effect of sulphur and potassium against bacterial blight (Xanthomonas oryzae pv. oryzae). The experiment was conducted in pots with complete randomized design having three replications. The following six treatments were used – (i) 32g sulphur (S) + 8g potassium (K) in 1L water (ii) 16g S+4gK in 1L water, iii) 64gS+16gK in 1L water, iv) 32gS in 1L water, v) 8gK in 1L water and control (only water). Gypsum and MOP were used as the source of sulphur and potassium, respectively. Plants were inoculated at the booting stage by clipping method and assessed for BB severity after two weeks of inoculation following the scale (0-9) developed by IRRI (1999).
 The disease severity ranged from 7-9 under the scale 0-9 (Table 10). The result indicated that combined application of sulphur and potassium were better than the single application of sulphur and potassium in suppression of bacterial leaf blight.
Table 10. Effect of sulphur and potassium on disease severity of bacterial leaf blight in rice 
	Treatments
	Treatments concentration
	Disease severity (0-9)

	T1
	32g S + 8g K/1 L of water
	7

	T2
	16g S + 4g K/1 L of water
	7

	T3
	64 g S + 16g K/1 L of water
	7

	T4
	32g S/1 L of water
	9

	T5
	8g K/1 L of water
	9

	T0
	Control (only water)
	9



An experiment was conducted at Mymensingh and BINA sub-station farm Ishurdi during boro season of 2016 following the randomized complete block design with three replications. The individual plot size was 3 m x 2 m. Five treatments viz. Bish Kachu (250ml/L), Mehagoni fruit (250ml/L), Trichoderma (250ml/L), Nativo 75WG (2g/L) and control were used in this study. Seven days old culture of Rhizoctonia solani grown on PDA media was inoculated at booting stage of plant growth and all the treatments were sprayed after 10 days of inoculation. Sheath blight severity were assessed at panicle initiation stage.
The disease severity ranged from 3-7 under the scale 0-9. The highest severity 7 was recorded in control and lowest was in Nativo 75 WG and Bish Kachu (Table 11). The highest decreased of disease severity was found in Nativo 75 WG and Bish kachu.
Table 11. Effect of botanicals on sheath blight severity of rice at Mymensingh and Ishurdi
	Treatments
	Diseased severity
(0-9)
	Decrease of severity over control (%)

	Bish Kachu (250ml/L)
	3 
	57.1 c

	Mehagoni fruit (250ml/L)
	5 
	28.6 b

	Trichoderma (250ml/L)
	5 
	28.6 b

	Nativo 75WG (2g/L)
	3 
	57.1 c

	Control
	7 
	0.0 a

	LSD (P≥0.05)
	1.6
	15.3


Means having common letter (s) do not differ significantly

Lentil

Evaluation of lentil mutants against root rot and stemphylium blight

Six  advanced mutants along with two check varieties of lentil were evaluated against root rot (Fusarium sp.) and stemphylium blight (Stemphylium sarciniformis) at Magura and Ishurdi  during the winter season of 2015-16. The experiments were conducted in randomized complete block design with three replications. The seeds were sown in rows on 2nd week of November 2015. Distance between rows and seeds were maintained 30 cm and 5 cm, respectively. 
The mean incidence of root rot and stemphylium blight ranged from 11.3-25.3% and 18.9-30.4%, respectively. The mutant LM-118-9 was moderately susceptible and the rest were tolerant to root rot (Table 12). The mean severity of stemphylium blight ranged from 3-4. The mutants LM-5-3-11, LM- 24-3 and LM-138-3 were moderately susceptible to stemphylium blight and the rest mutants and varieties were susceptible to the disease. 




Table 12. Disease reaction of root rot and stemphylium blight on lentil mutants at Magura and Ishurdi

	Mutants/
varieties
	Root rot
	Stemphylium blight

	
	Disease incidence (%)
	Disease reaction
	Disease incidence (%)
	Disease severity 
(0-5)
	Disease reaction

	LM-5-3-11
	11.8
	T
	25.2
	4
	MS

	LM-99-4
	13.9
	T
	20.3
	3
	S

	LM- 24-3
	13.4
	T
	25.1
	4
	MS

	LM-206-5
	13.4
	T
	20.5
	3
	S

	LM-138-3
	12.2
	T
	30.4
	4
	MS

	LM-118-9
	25.3
	MS
	20.1
	3
	S

	Binamasur-5
	12.2
	T
	18.9
	3
	S

	BARI masur-5
	11.3
	T
	25.2
	4
	MS

	LSD (P≥0.05)
	3.7
	-
	
	0.6
	-


T = Tolerant, MS = Moderately Susceptible, S= Susceptible

Effect of fungicides on the growth of Sclerotium rolfsii causing agent of root rot of lentil 
An experiment was conducted at the laboratory and in field of Plant Pathology Division, BINA, Mymensingh during the period of January to March 2016 following complete randomized design having four replications. Thirteen fungicides were included as treatments. The fungicides were mixed with PDA and a block of S. rolfsii was placed in the centre of the plate. For each fungicide there were four replications. The plates were incubated at room temperature (25-270c) for 7 days. Radial growth of S. rolfsii on PDA was recorded. Mass culture (grown in chickpea) of Sclerotium rolfsii were inoculated in pot soil @ 5 g/pot before 48 hrs of sowing. Seeds were treated with granular chemicals @ 2.5g/kg and liquid Chemicals @ 2.5ml/kg. Treated seeds were sown at 2.0 cm depth where 15 seeds were sown in each pot. The seeds were sown on 13 January 2016. Diseases incidence of root rot was recorded.
Ten fungicides were highly effective to control the growth of Sclerotium rolfsii in PDA culture except Bactroban 20 WP, Shincar 50 WP and Cupravit 345 SC. At pot condition the disease incidence ranged from 2-100% (Table 14). The lowest disease incidence (2%) was recorded in the treatment Dithane M-45 and the highest disease was found in control.
Table 13. List of fungicides, labeled  dose and their concentrations used in treatments 

	Treatment 
	Fungicides (group)
	Labelled Dose
	Concentration
(%)

	T1
	Bactroban (Bismertheozol) 20 WP
	40 g/10 L
	0.40 

	T2
	Simon gold (Symoxanil + Mancozeb) 72 WP
	2 g/L
	0.20 

	T3
	Unilux (Metalexil + Mancozeb) 72 WP
	20 g/10L
	0.20 

	T4
	Dithane M-45 (Mancozeb)
	44 g/10L
	0.44 

	T5
	Shincar (Carbendazim) 50 WP
	5 g/10 L
	0.05 

	T6
	Secure (Mancozeb + Fenamidon) 600WG
	20 g/10L
	0.20

	T7
	Navita (Tebuconazol + Triflaxistribin) 75 WG
	5 g/10L
	0.05

	T8
	Antracol (Propineb) 70 WP
	30 g/10L
	0.30

	T9
	Deconil (Chlothalonil) 500 WC
	15.15 ml/10L
	0.15

	T10
	Cabrio (Metiram + Pyraclostrobin)
	2 g/L
	0.10

	T11
	Cupravit (Tribasic copper sulphate) 345 SC
	5 ml/10 L
	0.05

	T12
	Amiscore (Azosystrobin + Difenoconazole) 325 SC
	1 ml/L
	0.10

	T13
	Extracare ( Difenoconazole + Propiconazole) 300EC
	2.4 ml/10L
	0.024 

	T0
	Control
	-
	0.00























Table 14 . Effect of fungicides on the mycelia growth in culture media and percent infection of S. rolfsii  pot condition
	Treatment 
	Radial growth of mycelium (cm)
	Disease incidence (%) 

	
	1 DAI 
	2 DAI
	3 DAI
	

	Bactroban 20 WP
	1.3
	2.6
	5.3
	75

	Simon gold 72 WP
	0
	0
	0
	71

	Unilux 72 WP
	0
	0
	0
	72

	Dithane M-45 
	0
	0
	0
	02

	Shincar 50 WP
	2.2
	4.3
	9.0
	71

	Secure 600WG
	0
	0
	0
	35

	Navita  75 WG
	0
	0
	0
	75

	Antracol 70 WP
	0
	0
	0
	35

	Deconil 500 WC
	0
	0
	0
	55

	Cabrio 
	0
	0
	0
	55

	Cupravit 345 SC
	1.6
	2.6
	7.1
	50

	Amiscore 325 SC
	0
	0
	1.8
	75

	Extracare 300EC
	0
	0
	0
	75

	Control 
	2.8
	5.6
	9.0
	100

	LSD ≤ 0.05
	-
	-
	-
	25.2


Data represent the means of four replications
DAI = Days After Inoculation

Chickpea
Evaluation of chickpea mutants against root rot and botrytis gray mould

Three advanced mutants along with two check varieties of chickpea were evaluated against root rot (Fusarium sp.) and botrytis gray mould (Botrytis sp.) at Magura and Chapainoabgang during the winter season of 2015-16 under inoculated condition of root rot and natural condition of botrytis gray mould. The experiments were conducted in randomized complete block design with three replications. The seeds were sown in rows on last week of  November, 2015. Distances between rows and seeds were 30 cm and 5 cm, respectively.
 
The mean incidence of root rot and botrytis gray mould ranged from 22.3-33.3% and 16.7-26.1%, respectively. All the mutants were moderately susceptible to root rot (Table 15). The mutants CPM-KAB was moderately resistant to BGM and the rest were moderately susceptible to the disease. 

Table 15. Diseases incidence and severity of root rot and botrytis gray mold on some mutants of chickpea 
	Mutants/
varieties
	Root rot
	Botrytis gray mold 

	
	Disease incidence (%)
	Disease reaction
	Disease incidence (%)
	Disease severity 
(1-9)
	Disease reaction

	CPM-8-400
	33.3
	MS
	26.1
	5
	MS

	CPM-8-300
	22.3
	MS
	22.5
	5
	MS

	CPM-KAB
	26.1
	MS
	16.7
	3
	MR

	Binasola-8
	22.3
	MS
	25.7
	5
	MS

	BARI Chola-7
	26.1
	MS
	20.0
	5
	MS

	LSD (P≥0.05)
	3.5
	-
	4.1
	0.7
	-


 MR= Moderately resistant, MS= Moderately susceptible
Mungbean
Screening of promising mungbean mutants against root rot, yellow mosaic and cercospora leaf spot
Five promising mutant lines along with two check varieties of mungbean were assessed for their resistance to root rot (Sclerotium rolfsii), Cercospora leaf spot (Cercospora sp.) and yellow mosaic (YMV) at Barisal, Khagrachori and Mymensingh in kharif-1 season of 2016 under natural field condition. The experiments were conducted in a randomized complete block design with four replications. The seeds were sown on 27 January at Barisal, 29 January at Khagrachori and 14 March Mymensingh and the unit plot size was 3m × 3m. The recommended doses of fertilizer were applied and normal cultural practices were followed. The incidence of root rot was recorded at seedling stage to pod ripening stage. The incidence and severities of YMV and CLS were recorded at pod ripening stage. 
At Barisal, the mean incidence of root rot ranged from 8.9-19.0%. All the mutants were found moderately susceptible against root rot (Table 16). The mean incidence and severity of yellow mosaic ranged from 10.4-17.1 % and 5.0, respectively. All the mutants were showed moderately susceptible reaction to yellow mosaic. 
At Khagrachori, the mean incidence of root rot ranged from 11.83-20.72%. (Table 17). Almost all the plants were observed free from yellow mosaic. 
At Mymensingh, the mean incidence of root rot ranged from 6.0-7.8%. All the mutants were found moderately resistance against root rot (Table 18). The mean incidence and severity of cercospora leaf spot ranged from 41.7-75.0 % and 3.7-4.7, respectively. Mutants were showed moderately resistant to moderately susceptible reaction to cercospora leaf spot. The mean severity of yellow mosaic ranged from 4.2-6.3. All the mutants were showed moderately susceptible reaction to yellow mosaic. 

Table 16. Disease reaction of mungbean mutants against root rot and yellow mosaic at Barisal in 2016

	Mutant/variety
	Root rot
	Yellow mosaic

	
	Incidence   (%)
	Disease reaction
	Incidence 
(%)
	Severity    
(0-9)
	Disease reaction

	MBM-07(g)-2
	15.3
	MS
	17.1
	5.0
	MS

	MBM-656-51-2
	19.0
	MS
	14.1
	5.0
	MS

	MBM-427-87-3
	18.9
	MS
	15.7
	5.0
	MS

	MBM-07-Y-2
	16.3
	MS
	15.1
	5.0
	MS

	MBM-347-13
	12.4
	MS
	14.1
	5.0
	MS

	BARI Moog-6
	9.8
	MR
	10.7
	5.0
	MS

	Binamoog-8
	8.9
	MR
	10.4
	5.0
	MS


R= Resistant, MR= Moderately resistant, MS= Moderately susceptible
Table 17. Disease reaction of mungbean mutants against root rot at Khagrachori
	Mutant/variety
	Root rot
	Grain yield  
(kg ha-1)

	
	Incidence (%)
	Disease reaction
	

	MBM-07(g)-2
	20.0
	MS
	725

	MBM-656-51-2
	19.2
	MS
	721

	MBM-427-87-3
	15.0
	MS
	689

	MBM-07-Y-2
	12.4
	MS
	784

	BARI Moog-6
	19.4
	MS
	640

	Binamoog-8
	11.8
	MS
	886


MS= Moderately susceptible



Table 18. Disease reaction of mungbean mutants against root rot, cercospora leaf spot and yellow mosaic at Mymensingh in 2016
	 
Mutant/variety
	Root rot
	Cercospora leaf spot
	Yellow mosaic

	
	Incidence (%)
	Disease reaction
	Incidence (%)
	Severity (0-8)
	Disease reaction
	Severity (0-8)
	Disease reaction

	MBM-07(g)-2
	6.0
	MR
	58.3
	4.7
	MS
	5.0
	MS

	MBM-656-51-2
	6.6
	MR
	71.7
	4.7
	MS
	5.7
	MS

	MBM-427-8-3
	5.5
	MR
	75.0
	4.3
	MR
	4.2
	MS

	MBM-07-Y-2
	7.8
	MR
	53.3
	3.7
	MR
	6.3
	MS

	MBM-347-13
	6.7
	MR
	48.3
	4.0
	MR
	5.0
	MS

	BARI Moog-6
	7.5
	MR
	48.3
	4.0
	MR
	5.0
	MS

	Binamoog-8
	7.0
	MR
	41.7
	4.0
	MR
	5.0
	MS


MR= Moderately resistant, MS= Moderately susceptible

Rapeseed

Field evaluation of rapeseed mutants/varieties against alternaria blight

Two rapeseed mutants (RC-9 and MM-64) along with two check varieties Tori-7 and Binasarisha-9 were tested against alternaria blight (Alternaria brassicae) under natural field condition at BINA farm, Mymensingh and BINA substation farm Ishurdi during the winter season of 2015-16. The experiments were conducted in a randomized complete block design with three replications. The unit plot size was 3m × 2m. Seeds were sown on 6 November 2015 at Mymensingh and on 11 November 2015 at Ishurdi. The disease was assessed at early pod maturity stage followed 0-5 severity scale. 

Table 19. Response of mutants/varieties of rapeseed to alternaria blight at Mymensingh and Ishurdi

	Mutants/
variety
	Mymensingh
	Ishurdi

	
	LAD (%)
	Disease severity
(0-5)
	Disease reaction
	LAD (%)
	Disease severity
(0-5)
	Disease reaction

	RC-9
	28.0
	4
	S
	31.3
	4
	S

	MM-64
	20.1
	3
	T
	26.1
	4
	S

	Tori-7
	26.8
	4
	S
	25.8
	4
	S

	Binasarisha-9
	16.6
	3
	T
	23.3
	3
	T


LAD= Leaf Area Diseased, T= Tolerant, S= Susceptible 

The mutant RC-9 was susceptible to alternaria blight at both locations. The mutant MM-64 was tolerant to the disease at Mymensingh but susceptible at Ishurdi. The check varieties Binasarisha-9 and Tori-7 showed tolerant and susceptible reaction to the disease in both locations, respectively (Table 19).

Sesame 
Evaluation of sesame mutants against root rot and leaf blight
Four mutants of sesame (SM-8, SM-9, SM-067 and SM-085) along with a check variety Binatil-3 were assessed against root rot (Sclerotium rolfsii) and leaf blight at BINA substation farm Magura  and Isdurdi during 2016 under natural field condition. The experiments were conducted in a randomized complete block design with three replications. The disease severity of root rot and leaf blight were recorded at maximum pod maturity stage following (0-5) scale. All the mutants and the varieties were found susceptible to root rot while the mutants were susceptible to moderately susceptible to leaf blight (Table 20). 
Table 20. Disease reaction of sesame mutants to root rot and leaf blight 
	Mutants/ varieties
	Root rot
	Leaf blight

	
	Disease severity  (0-5)
	Disease reaction
	Disease severity
(0-5)
	Disease reaction

	SM-8
	4
	S
	4
	S

	SM-9
	4
	S
	3
	MS

	SM-067
	4
	S
	3
	MS

	SM-085
	4
	S
	3
	MS

	Binatil-3
	4
	S
	4
	S


         S= Susceptible, MS= Moderately susceptible
Soybean
Field evaluation of soybean mutants against collar rot and soybean mosaic
Four mutants along with two check varieties Binasoyben-3 and Binasoybean-4 were tested against collar rot (Sclerotium rolfsii) and soybean mosaic (Soybean mosaic virus). The evaluation for collar rot disease was done under inoculated condition and data of soybean mosaic were recorded from natural field condition. The unit plot size was 3.0 m × 2.0 m. The experiment was conducted in randomized complete block design with three replications at BINA farm, Mymensingh and BINA sub-station, Magura. Seeds were sown on 15 January 2016 maintaining row to row distance 75 cm and line to line distance 30 cm. The fertilizers were applied at recommended doses. Twenty seedlings of thirty five days old were inoculated with 10 days old culture of Sclerotium rolfsii in each plot. With appearance of visible symptoms, observation on disease parameters was made at pod ripening stage. 
The incidence of collar rot ranged from 8.25-20.86% at Mymensingh and 5.63-8.76% at Magura (Table 21). All the mutants were showed moderately susceptible reaction at Magura, but moderately resistant to collar rot at Mymensingh. Average seed yield ranged from 1.00 to 1.28 t ha-1 and the highest yield obtained in soybean mutant SBM-22.
Table 21. Disease reaction of some mutants and varieties of soybean against collar rot at Mymensingh and Magura in 2016
	Mutants/varieties
	Mymensingh
	Magura
	Grain yield       (t ha-1)

	
	Incidence (%)
	Disease reaction
	Incidence (%)
	Disease reaction
	

	SBM-9
	11.31
	MS
	8.76
	MR
	1.03

	SBM-15
	18.09
	MS
	8.54
	MR
	1.21

	SBM-18
	14.50
	MS
	6.91
	MR
	1.14

	SBM-22
	17.01
	MS
	6.13
	MR
	1.28

	Binasoybean-3
	20.86
	MS
	7.89
	MR
	1.01

	Binasoybean-4
	8.25
	MR
	5.63
	MR
	1.00


MR= Moderately resistant, MS= Moderately susceptible

Tomato

Evaluation of tomato lines against fusarium wilt and late blight 

Four advanced lines of tomato along with one check variety were evaluated against fusarium wilt (Fusarium oxysporum) and late blight (Phytophthora infestans) diseases under natural field condition. The experiment was conducted at BINA farm, Mymensingh during winter season of 2015-16. The experiment was laid out in randomized complete block design with three replications. Unit plot size was 3 m × 2 m. Line to line and plant to plant spacing was 50 cm. Seedlings of 25 days old were transplanted on 19 November 2015. Disease incidence and severity were recorded at 55 and 75 days after transplanting.  All the advanced tomato lines showed susceptible reaction to Fusarium wilt and late blight (Table 22).
Table 22. Disease reaction of tomato lines to fusarium wilt and late blight at Mymensingh

	Lines/ varieties
	Fusarium wilt
	Late blight

	
	Disease incidence (%)
	Disease severity
(0-5)
	Disease reaction
	Disease incidence (%)
	Disease severity
(0-5)
	Disease reaction

	Phili-1
	53.4
	3
	S
	100
	4
	S

	HM-2671
	50.1
	3
	S
	100
	4
	S

	HM-2853
	49.5
	3
	S
	100
	4
	S

	HM-2722
	50.0
	3
	S
	100
	4
	S

	Binatomato-5
	35.6
	2
	S
	100
	4
	S


    S= Susceptible

Onion

Evaluation of onion mutants/variety against purple blotch 

Three mutants (BP2/75/2, BP2/75/5 and BP2/100/2) and a check variety (Baripiaj-3) were evaluated against purple blotch disease (Alternaria porri) under natural field condition during winter season of 2015-16. Two experiments were conducted at BINA farm, Mymensingh and BINA substation farm, Rangpur. The experiments were laid out in randomized complete block design with three replications. Unit plot size was 2.0 m × 1.0 m. Line to line spacing was 20 cm and plant to plant the spacing was 15 cm. Transplanting was done on 12 December at Mymensingh and 14 December at Rangpur. Fertilizers were applied @ Cowdung: 10 ton ha-1, Urea: 260 kgha-1, TSP: 200 kgha-1, MP: 150 kgha-1, Gypsum: 110 kgha-1 .The disease incidence and severity of purple blotch disease were assessed following (0-5) scale (Sharma, 1986). 











Table 23. Disease reaction of onion mutants/variety to purple blotch at Mymensingh and Ishurdi during winter season of 2015-16

	Mutants/ varieties
	Mymensingh
	Rangpur

	
	Disease incidence %
	Disease severity  (0-5)
	Disease reaction
	Disease incidence %
	Disease severity
(0-5)
	Disease reaction

	BP2/100/2
	100
	4
	S
	100
	3
	T

	BP2/75/2
	100
	4
	S
	100
	4
	S

	BP2/75/5
	100
	4
	S
	100
	3
	T

	BARI piaj3
	100
	4
	S
	100
	4
	S


T= Tolerant, S= Susceptible

The three mutants BP2/100/2, BP2/75/2 and BP2/75/5 including the check variety BARI piaj3 were susceptible to purple blotch disease at Mymensingh (Table 23). In Rangpur the mutants BP2/100/2 and BP2/75/5 showed tolerant reaction while the mutant BP2/75/2 and the check variety BARI piaj3 were susceptible to the disease.
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ENTOMOLOGY DIVISION
Research Highlights 
Among the five NERICA mutants (N4/350/P-4(5), N4/250/P-1(2), N4/250/P-2(6)-26, N10/350/P-5-4 and N10-40(c)-1-5) of rice, all the mutants were moderately susceptible to brown plant hopper under artificial infested condition.
Significant differences were observed among the two varieties (Binadhan-8, Binadhan-10) of rice with respect to stem borer infestation, but the infestation was below the economic injury level. 
Among the three mutants/varieties of wheat significant differences were observed against the pink stem borer but not against the aphid infestation. The highest stem borer infestation was observed in the mutant L-880-43 (1.43%) followed by L-880-5 (1.11%). 
No significant differences were observed among the five mutants/lines of tomato against fruit borer and white fly infestation.  Fruit borer (0.94-1.36%), and white fly (0.05-0.62%)
In Chapainawabganj among the five mutants of chickpea significant differences were observed against the pod borer but not at Rajshahi. The lowest pod borer infestation was observed in the mutant CPM-Kab (9.91%) which followed by CPM-8-400 (11.74%).
Using chemical insecticide in Rajshahi and Jamalpur the highest mortality for controlling pob borer of chickpea was observed in the treatment Proclaim 5SG (standard) 5.70% and 7.87% respectively. Using botanical insecticide in Rajshahi and Jamalpur the highest mortality was observed in the treatment (Urmoi- 4%), 2.75% and 2.47% respectively.   
Significant differences were observed among the five mutants of summer mungbean with respect to hairy caterpillar, White fly and pod borer infestation. No significant difference was observed at Ishurdi and Magura against jassid and white fly infestation. The lowest hairy caterpillar and white fly infestation was observed in the mutant MBM-427-87-3 (1.62%) and MBM-427-87-3 (0.0%) at Mymensingh. 
No aphid infestation of mustard was observed in the mutants MM-36 (0.00%) and MM-37 (0.00%) at Jamalpur. The lowest infestation was also recorded in the mutant MM-36 and MM-37 though no significant difference were observed at Comilla against aphid infestation. 
The lowest hairy caterpillar, leaf roller and pod borer infestation of soybean was observed in the mutant SBM-22 at all the locations. All the tested mutants were found comparatively less hairy caterpillar, leaf roller and pod borer infestation than their check varieties at both location.
The highest (1214) number of ear wig were caught in March 2016. The highest (2351) number of ear wig were caught in February 2016. The highest (630) number of BPH were caught in April 2016. The highest (4855) of number of GLH were caught in May 2016.

Evaluation of NERICA (Aus) rice mutants for tolerance to brown plant hopper under artificial infested condition 

Five NERICA mutants of rice, viz. N4/350/P-4(5), N4/250/p-1(2), N4/250/P-2(6)-26, N10/350/P-5-4 and N10-40(c)-1-5 were tested along with one resistant check T27A and a susceptible check TN1 against brown plant hopper under artificial infested condition. The experiment was laid out in a completely randomized design with three replications. Data were recorded during seedling stage, analyzed statically and presented in Table-1.

Among the five NERICA mutants of rice, all the mutants were moderately susceptible to brown plant hopper under artificial infested condition.

Table 1. Mean infestation of advanced mutants of rice for tolerance to brown plant hopper under artificial infested condition 
 
	Mutants/Varieties 
	Damage Scale (0-9)
	Level of resistance

	N4/250/P-1(2)
	5
	MS

	N4/250/P-2(6)-26
	5
	MS

	N4/350/P-4(5)
	5
	MS

	N10-40(c)-1-5
	5
	MS

	N10/350/P-5-4 
	5
	MS

	TN1(Susceptible check)
	7
	S

	T27A(Resistant check)
	0
	HT



MS=Moderately Susceptible, HT=Highly Tolerant, S=Susceptible

 

Evaluation of rice varieties against stem borer, gall midge and brown plant hopper under saline area

Two varieties of rice, viz. Binadhan-8 and Binadhan-10 were tested along with one resistant check TKM6 and a susceptible check TN1 against rice stem borer under field condition. The experiment was laid out in a completely randomized block design with three replications during boro season of 2015 at BINA sub-station farm Sathkhira. No protective measure was taken to control the insect pests. Data were recorded during maximum tillering and heading stage and analyzed statically and presented in Table 2.

Significant differences were observed among the four varieties of rice with respect to stem borer infestation, but the infestation was below the economic injury level (10-15% dead heart and 5% white head). 

Table 2. Mean infestation of BINA developed rice varieties for tolerance to stem borer under field condition
	Varieties
	% dead heart
	% white head

	Binadhan-8
	0.13 b
	0.64 b

	Binadhan-10
	0.31 c
	0.78 c

	TN1 (Susceptible check)
	0.69 d
	1.49 d

	TKM6 (Resistant check)
	0.02 a
	0.13 a

	LSD (0.05)
	0.011
	0.021


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Evaluation of salt tolerant mutants of wheat for tolerance to major insect pests under field condition 

Two salt tolerant mutants viz. L-880-43 and L-880-5 were tested along with BARIgom-25 against pink stem borer of wheat and aphid of wheat under field condition. The experiment was laid out in a completely randomized block design with three replications during rabi season of 2016 at BINA farm Mymensingh. No protective measure was taken to control the insect pests. Data were recorded during maximum tillering and heading stage and analyzed statically and presented in Table 3.
Among the three mutants/varieties of wheat were observed significant differences against the pink stem borer but not against the aphid infestation. The highest stem borer infestation was observed in the mutant L-880-43 (1.43%) followed by L-880-5 (1.11%). 

Table 3. Mean infestation of salt tolerant wheat mutants for tolerance to pink stem borer and aphid under field condition
	Mutant/Variety
	white ears %
	Aphid %

	L-880-5
	1.11 b
	0.03

	L-880-43 (Binagom-1)
	1.43 c
	0.03 

	BARIgom-25
	0.60 a
	0.04

	LSD (0.05)
	0.012
	NS


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Evaluation of summer tomato mutants for tolerance to tomato fruit borer and white fly under field condition 

Five mutants/lines of tomato viz. Philli-1, HM-2722, HM-2671, HM-2853 and Philli-2 were tested against fruit borer and white fly of tomato under field condition. The experiment was laid out in a completely randomized block design with three replications during rabi season of 2016 at BINA farm Mymensingh. No protective measure was taken to control the insect pests. Data were recorded during fruit stage and analyzed statically and presented in Table 4.

No significant differences were observed among the five mutants/lines of tomato against fruit borer and white fly infestation.  
Table 4. Mean infestation of advanced lines of summer tomato for tolerance to fruit borer and wheat fly under field condition
			Mutant/Lines
	Infestation %

	
	Fruit borer 
	White fly

	Philli-1 (Binatomato-12)
	1.15
	0.62

	HM-2722
	1.30
	0.05

	HM-2671 (Binatomato-11)
	1.09
	0.34

	HM-2853
	1.36
	0.06

	Philli-2
	0.94
	0.02

	LSD (0.05)
	NS
	NS



Evaluation of chickpea mutants for tolerance to pod borer under drought area 

Five mutants/lines of chickpea viz. CPM-8-200, CPM-8-300, CPM-8-400, CPM-BR-7-400 and CPM-kab were tested along with two check Binasola-7 and Binasola-8 against pod borer under field condition. The experiment was laid out in a completely randomized block design with three replications during rabi season of 2016 at Rajshahi and Chapainawabganj. No protective measure was taken to control the insect pests. Data were recorded during fruit stage and analyzed statically and presented in Table 5.

In Chapainawabganj among the five mutants of chickpea significant differences were observed against the pod borer but not at Rajshahi. The lowest pod borer infestation was observed in the mutant CPM-Kab (9.91%) which followed by CPM-8-400 (11.74%) at Chapainawabganj.
Table 5. Mean infestation of chickpea mutants for tolerance to pod borer at Rajshahi and Chapainababganj 
	Mutants/varieties
	Pod borer infestation (%)

	
	Rajshahi 
	Chapainawabganj

	CPM-8-200
	4.03
	17.41 b

	CPM-8-300
	5.22
	15.25 ab

	CPM-8-400
	3.63
	11.74 ab

	CPM-BR-7-400
	1.04
	12.92 ab

	CPM-kab
	6.51
	9.91 a

	Binasola-7 (Check)
	1.93
	21.49 b

	Binasola-8 (Check)
	4.89
	16.26 b

	LSD (0.05)
	 NS
	6.324


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Management of chickpea pod borer using Urmoi (Botanical pesticide) and Proclaim-5 SG (Chemical insecticide) under field condition

Three concentration of botanical pesticide Urmoi viz. 3%, 4%, 5% and three concentration of Proclaim 5SG viz. less than 25%,  standard and  higher than 25% were tested against pod borer of chickpea under field condition. The experiment was laid out in a completely randomized block design with three replications during rabi season of 2016 at Rajshahi and Jamalpur. Data were recorded during pod formation stage. All the data were analyzed statically and presented in Table 6.

Using chemical insecticide in Rajshahi and Jamalpur the highest mortality for controlling pob borer of chickpea was observed in the treatment Proclaim 5SG (standard) 5.70% and 7.87% respectively. Using botanical insecticide in Rajshahi and Jamalpur the highest mortality was observed in the treatment (Urmoi- 4%), 2.75% and 2.47% respectively.   

Table 6. Management of chickpea pod borer at Rajshahi and Jamalpur
	Treatments 
	Pod borer mortality (%)

	
	Rajshahi 
	Jamalpur 

	Proclaim 5SG (Less than 25%)
	3.59 c
	7.27 b

	Proclaim 5SG (Standard)
	5.70 d
	7.87 b

	Proclaim 5SG (Higher than 25%)
	3.67 c
	6.24 b

	Urmoi-3%
	1.48 b
	0.55 a

	Urmoi-4%
	2.75 bc
	2.47 a

	Urmoi-5%
	1.94 b
	1.87 a

	Control 
	0.00 a
	0.00 a

	LSD (0.05)
	1.304
	2.913


Values in a column having common letter(s) do not differ significantly at 5% level of probability.



Evaluation of summer mungbean mutants/strains for tolerance to major insect pests under field condition

Five advanced mutants of summer mungbean and two check varieties were evaluated for resistance to hairy caterpillar, jassid, white fly and pod borer under field condition during summer season of 2015. The experiment were conducted in a randomized complete block design with three replications at BINA farm, Mymensingh and BINA sub-station farm Ishurdi and Magura. The field was exposed to natural attack of insect and no control measure was taken. To assess the percentage of presence of jassid and white fly data were taken by using cage (1 cage=40cm x 45cm=6 plants) at the vegetative stage. Ten plants per plot were selected randomly for assessing percentage of pod borer infestation before harvest. The data were analyzed statistically and presented in Table 7(a & b). 

Significant differences were observed among the five mutants of summer mungbean with respect to hairy caterpillar, White fly and pod borer infestation. No significant difference was observed at Ishurdi and Magura against jassid and white fly infestation. The lowest hairy caterpillar and white fly infestation was observed in the mutant MBM-427-87-3 (1.62%) and MBM-427-87-3 (0.0%) at Mymensingh. 
Table 7(a). Mean infestation of summer mungbean mutants for tolerance to major insect pest under field condition
	Mutant/Lines
	 Infestation %

	
	Hairy caterpillar
	          White fly 
	         Pod borer

	
	Mymensingh
	Mymensingh
	Ishurdi 
	Magura
	Mymensingh

	MBM-07-Y-1
	6.12 b
	6.17 e
	5.64 b
	1.70 ab
	9.30 b

	MBM-07-Y-2
	2.34 ab
	4.40 c
	4.28 ab
	2.42 ab
	7.94 ab

	BARImoog-6 (Check)
	5.39 b
	1.71 b
	2.93 a
	3.35 b
	6.31 ab

	MBM-07-(S)-2
	2.63 ab
	5.52 d
	4.05 ab
	2.14 ab
	7.08 ab

	MBM-427-87-3
	1.62 a
	0.00 a
	2.92 a
	3.97 b
	5.25 a

	Binamoog-8 (Check)
	4.11 b
	1.38 b
	4.93 ab
	3.71 b
	8.41 b

	MBM-656-51-2
	3.63 b
	4.41 c
	3.64 ab
	2.48 ab
	6.47 ab

	LSD (0.05)
	1.351
	0.351
	2.597
	1.701
	2.933



Table 7(b). Mean infestation of summer mungbean mutants for tolerance to major insect pest under field condition
	Mutant/Lines
	 Infestation (%)

	
	Jassid
	Whitefly 

	
	Ishurdi 
	Magura
	Mymensingh
	Ishurdi 
	Magura
	Mymensingh

	MBM-07-Y-1
	1.47
	1.33
	4.20 b
	3.40
	1.47
	2.47 ab

	MBM-07-Y-2
	1.33
	2.35
	4.47 b
	2.87
	1.20
	2.20 ab

	BARImoog-6 (Check)
	1.20
	1.80
	4.00 ab
	2.60
	1.30
	1.87 ab

	MBM-07-(S)-2
	0.87
	1.40
	4.00 ab
	2.07
	1.67
	2.73 b

	MBM-427-87-3
	1.27
	1.20
	2.53 a
	2.60
	0.87
	1.53 a

	Binamoog-8 (Check)
	1.27
	1.20
	3.13 ab
	2.07
	0.80
	1.53 a

	MBM-656-51-2
	1.13
	1.33
	3.87 ab
	2.07
	0.53
	3.13 b

	LSD (0.05)
	NS
	NS
	1.632
	NS
	NS
	1.108


[bookmark: OLE_LINK1]Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Evaluation of mustard mutants for tolerance to aphid and sawfly under field condition

Five mutants of mustard along with two check varieties Binasharisha-9 and Binasharisha-10 were evaluated against mustard aphid in the field at three locations (1) BINA H/Q farm, Mymensingh, BINA sub-station farms (2) Comilla, (3) Jamalpur. The experiments were laid out in a randomized complete block design with three replications. The unit plot size was 5m x 4m. Spacing between plant to plant and row to row were 5cm and 20cm, respectively. The plants were exposed to natural infestation and no protective measures were taken against those pests. Data on percentage of plants infested by aphid were collected from 5 randomly selected lines per plot. All the data were analyzed statistically and presented in Table 8.

No aphid infestation of mustard was observed in the mutants MM-36 (0.00%) and MM-37 (0.00%) at Jamalpur.The lowest infestion was also recorded in the mutant MM-36 and MM-37 though no significant difference were observed at Comilla against aphid infestation. 


Table 8. Mean infestation of mustard mutants for tolerance to aphid infestation under field condition
	Mutants
	Aphid  infestation (%)

	
	Comilla 
	Jamalpur 
	Mymensingh

	RC-9
	1.30
	1.45 bc
	0.43 a

	MM-35
	0.67
	0.47 ab
	2.11 bc

	MM-36
	0.36
	0.00 a
	1.54 b

	MM-37
	0.53
	0.00 a
	2.72 c

	MM-63
	1.63
	2.95 c
	1.43 b

	Binasarisha-9 (check)
	1.23
	1.96 bc
	1.77 b

	Binasarisha-10 (check)
	0.93
	1.95 bc
	0.37 a

	LSD (0.05)
	NS
	0.982
	0.840


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Evaluation of soybean mutants for tolerance to leaf roller, hairy caterpillar and pod borer under field condition

Three advanced mutants/lines and two check varieties of soybean were evaluated against leaf roller, hairy caterpillar and pod borer in the field at (1) BINA H/Q. farm, Mymensingh and (2) BINA substation farm, Magura. The experiment were laid out in a randomized complete block design with three replications. Data on hairy caterpillars and leaf roller were recorded from infested plant. Pod infestation by pod borer were recorded from 10 randomly selected plants per plot. All the data were analyzed statistically and presented in Table 9.

The lowest hairy caterpillar, leaf roller and pod borer infestation of soybean was observed in the mutant SBM-22 at all the locations. All the tested mutants were found comparatively less hairy caterpillar, leaf roller and pod borer infestation than their check varieties at both location.

Table 9. Mean infestation of soybean mutants for tolerance to major insect pest under field condition
	Mutants
	Infestation (%)

	
	Pod borer 
	Leaf roller 
	Hairy caterpillar

	
	Magura
	Mymensingh
	Magura
	Mymensingh
	Magura
	Mymensingh

	SBM-17
	1.77 a
	1.64 a 
	10.63 b 
	4.42 ab
	3.28 c
	1.66 ab

	SMB-18
	2.13 a
	2.72 b
	12.07 c 
	4.85 ab 
	2.75 b
	1.47 a

	SMB-22
	1.65 a
		1.46 a
	8.18 a
	3.70 a
	1.92 a
	1.38 a

	Binasoyabean-1 (Check)
	3.01 b
	3.06 b
	12.99 c 
	7.15 c
	3.88 d
	2.36 b

	Binasoyabean-2 (Check)
	3.57 c
	3.20 b
	11.25 bc 
	5.49 b
	2.54 b
	2.24 b

	LSD (0.05)
	0.522
	0.906
	0.983 
	1.307
	0.582
	0.684


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Monthly (January-May,2016) abundance of insect pests from light trap.
A light trap was used near the rice field of BINA Head Quarter (H/Q). The following insects were caught using a light trap (January-May) in 2016 and presented in Table-10. The highest number (862, 2351 & 1214) of ear wig were found in January, February and March, 2016 respectively. The highest (630) number of BPH were caught in April 2016. The highest (4855) number of GLH were caught in May 2016.

Table 10. Different insects were caught using a light trap (January-May) in 2016
	Month
	GLH
	BPH
	WLH
	Stem borer
	Ear wig
	Moth (Big size)
	Moth (Small size)
	Lady bird beetle
	Ground beetle
	Grass hopper
	Rice bug
	Dragon fly

	January
	0
	0
	1
	32
	862
	240
	41
	0
	0
	0
	0
	0

	February
	0
	0
	6
	0
	2351
	32
	105
	1
	23
	7
	0
	0

	March
	91
	0
	20
	43
	1214
	44
	259
	0
	34
	0
	0
	0

	April
	49
	630
	20
	0
	84
	1
	39
	3
	3
	1
	2
	1

	May
	4855
	472
	570
	126
	357
	87
	2083
	118
	58
	29
	-
	-


GLH= Green leaf hopper, BPH= Brown plant hopper, WLH= White leaf hopper
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Research Highlights 
The study on determination of optimum spacing for growth and yield of soybean lines revealed that the yield of SBM-9 was the highest (3.1 t ha-1) at 20 cm spacing at HQ, Mymensingh and SBM-18 was the highest (3.31 t ha-1) at 20 cm spacing at farmer’s field of Noakhali.
 
Binadhan-17 when transplanted on July 25, produced the highest grain yield at HQ, Mymensingh  (5.50 t ha-1) and BINA Sub-station, Rangpur (5.83 t ha-1). On the other hand, Binadhan-7 and Binadhan-16 when transplanted on August 25 produced the comparable grain yield at both locations.

Time of transplanting trial of Nerica mutants in Aus season at Nachole, Chapainawabgong stated that N4/350/P-1(2) produced the highest grain yield of 3.39 t ha-1 followed by N4/350/P-(5) (3.26 t ha-1).
 
Time of transplanting trial of Nerica mutants in aman season stated that mutant line, N4/350/P-(5) produced the highest grain yield (4.78 t ha-1) with least average of 104 days followed by Binadhan-17 (4.62 t ha-1).

Time of transplanting trial in late boro season stated that Binadhan-14 produced the maximum grain yield when transplanted on Feb.01 to Feb. 15.

Grain and straw yield increased in ridge and furrow (each furrow 60 cm wide accommodating 5 lines transplanting) method with 150 kg ha-1 gypsum by Binadhan-10 (52.62% and 37.60%) compared to the traditional  method. (No slope/flat land).

Herbicide trial in boro season showed that, among different herbicides, Seavafit 500 EC 1 L ha-1 performed best than other herbicide. 

During 2015-16 a total of 37.10 t seeds of different crop varieties of BINA were produced and procured. Among them rice were about 29.55t, mustard 2.55 t, chickpea 0.12 t, summer moog 2.00 t, lentil 1.41 t and sesame 1.47 t.





Determination of optimum spacing on growth and yield of soybean lines
The experiment was conducted at HQ Farm, Mymensingh and farmer’s field, Noakhali during 2015-16 to evaluate the effect of optimum row spacing’s (20 cm, 25 cm, and 30 cm) on the growth and yield contributing characters of five advanced soybean lines/varieties viz. SBM-9, SBM-15, SBM-18 and SBM-22 along with one check variety, Binasoybean-2. The experiment was laid out in RCB design with 3 replications. The unit plot size was 3 m × 2 m. The recommended doses of fertilizers were applied. The experiment was harvested on different dates according to the maturity of the mutant lines/varieties. The data on yield and yield attributes were recorded from randomly selected 10 plants while the yield data were recorded from the harvest of whole plot. All the recorded data were statistically analyzed using MSTAT Statistical computer program according to the design used for the experiment. Least significant difference (LSD) was used to compare variations among treatments. The results of two locations are discussed below: 
Mymensingh:
Among different advance lines, SBM-9 produced highest seed yield (2.42 t ha-1). Advance line, SBM-15 produced second highest yield (2.36 t ha-1). Highest yield was contributed by highest pods plant-1 and 1000 seed weight. Mean effect of different spacing showed significant on seed yield. Among different spacing’s, 20 cm row showed the highest seed yield (2.69 t ha-1). The interaction results of mutant x spacing revealed that the yield of SBM-9 was the highest (3.1 t ha-1) at 20 cm spacing. Among different mutants/variety, SBM-9 takes lowest duration (88 days).   
Noakhali:
Among different advance lines, SBM-9 produced highest seed yield (2.95 t ha-1). Advance lines, SBM-15 and SBM-18 produced second and third highest yield (2.88 t ha-1 and 2.78 t ha-1). The lowest seed yield was obtained by release variety, Binasoybean-1 (2.41 t ha-1). Highest yield was contributed by highest pods plant-1 and 1000 seed weight. Mean effect of different spacing showed significant on seed yield. Among different spacing’s, 20 cm row showed highest seed yield (3.16 t ha-1). The interaction results of mutant x spacing revealed that the yield of SBM-18 was the highest (3.31 t ha-1) at 20 cm spacing. The mutant line SBM-9, SBM-15 and SBM-22 performed also best in respect of yield at 20 cm row spacing. Among different mutants/varieties, SBM-9 takes lowest duration (83 days).  
Table 1. Determination of optimum spacing on growth and yield of soybean lines during 
                2015-2016 at HQ, Mymensingh
	Treatment
	Populations
(no. m-2)
	Plant height (cm)
	Branches
plant-1
(no.)
	Pod
plant-1    (no.)
	Pod
length (cm)
	Seeds
pod-1
(no.)
	1000
Seed wt.
(g.)
	Seed
yield
(t ha-1)
	Duration
(days)

	Varieties: 

	SBM-9  (V1)
	29
	47.2
	2.69
	49.0
	3.51
	2.62
	67.88
	2.42
	88

	SBM-15 (V2)
	28
	53.6
	2.76
	48.7
	3.54
	2.72
	67.41
	2.36
	89

	SBM-18 (V3)
	30
	52.7
	2.99
	47.3
	3.53
	2.70
	67.47
	2.15
	98

	SBM-22 (V4)
	28
	61.2
	3.28
	52.0
	3.51
	2.76
	66.76
	2.30
	93

	Bina Soybean-2 (V5)
	31
	28.1
	1.10
	32.8
	3.75
	2.77
	72.01
	2.34
	96

	LSD0.05
	2.07
	1.38
	0.27
	4.03
	0.16
	NS
	NS
	NS
	

	Row spacing:

	20 cm (S1)
	36
	48.7
	2.43
	42.8
	3.56
	2.65
	67.53
	2.69
	

	25 cm (S2)
	28
	49.0
	2.67
	47.3
	3.58
	2.77
	67.29
	2.25
	

	30 cm (S3)
	23
	47.9
	2.59
	47.8
	3.57
	2.72
	69.62
	1.94
	

	LSD0.05
	1.60
	NS
	NS
	3.12
	NS
	NS
	NS
	0.19
	

	Variety x Spacing:

	V1 S1
	34
	47.3
	2.87
	61.1
	3.45
	2.53
	65.95
	3.11
	

	V1 S2
	29
	47.9
	2.60
	43.3
	3.51
	2.63
	67.22
	2.31
	

	V1 S3
	23
	46.4
	2.60
	46.2
	3.56
	2.70
	68.07
	1.85
	

	V2 S1
	35
	51.6
	2.63
	40.8
	3.48
	2.63
	65.82
	2.48
	

	V2 S2
	28
	53.6
	2.73
	44.1
	3.54
	2.87
	68.00
	2.50
	

	V2 S3
	21
	55.5
	2.90
	57.3
	3.58
	2.67
	68.42
	2.09
	

	V3 S1
	37
	51.6
	2.63
	42.4
	3.54
	2.63
	68.53
	2.66
	

	V3 S2
	30
	56.2
	3.40
	55.2
	3.51
	2.67
	66.95
	2.01
	

	V3 S3
	25
	50.4
	2.93
	44.1
	3.55
	2.80
	66.92
	1.78
	

	V4 S1
	35
	65.9
	3.23
	43.3
	3.54
	2.67
	66.10
	2.40
	

	V4 S2
	26
	58.7
	3.40
	55.4
	3.50
	2.90
	65.35
	2.43
	

	V4 S3
	22
	59.0
	3.20
	57.3
	3.49
	2.70
	68.82
	2.06
	

	V5 S1
	39
	27.3
	0.80
	29.8
	3.78
	2.77
	71.23
	2.82
	

	V5 S2
	29
	28.9
	1.20
	38.6
	3.82
	2.80
	68.93
	1.99
	

	V5 S3
	25
	28.3
	1.30
	30.0
	3.67
	2.73
	75.87
	1.91
	

	LSD0.05
	NS
	2.39
	NS
	6.98
	NS
	NS
	NS
	0.42
	-

	CV%
	7.33
	2.94
	10.99
	9.09
	4.55
	5.35
	6.10
	10.99
	-




Table 2. Determination of optimum spacing on growth and yield of soybean lines during 
               2015-2016 at farmer’s field, Noakhali
	Treatment
	Populations
 (no. m-2)
	Plant height (cm)
	Branches
plant-1
    (no.)
	 Pod
 plant-1    (no.)
	Pod
 length (cm)
	Seeds
 pod-1
 (no.)
	1000
 Seed wt. 
(g.)
	Seed 
yield 
(kg ha-1)
	Duration
 (days)

	Varieties: 
SBM-9 (V1)
SBM-15 (V2)
SBM-18(V3)
SBM-22 (V4)
Bina Soybean-2 (V5)
	
38
39
38
40
46
	
38.7
40.7
40.9
48.0
25.7
	
1.60
1.83
1.62
1.81
1.11
	
33.9
32.9
33.0
40.2
25.2
	
3.61
3.64
3.66
3.68
3.78
	
2.72
2.73
2.79
2.70
2.76
	
67.03
67.94
67.76
66.81
72.32
	
2.95
2.88
2.78
2.64
2.41
	
83
84
92
87
91

	LSD0.05
	2.46
	1.67
	0.24
	1.66
	NS
	NS
	3.36
	0.88
	

	Row spacing:
20 cm (S1)
25 cm (S2)
30 cm (S3)
	
52
38
30
	
40.4
38.8
37.1
	
1.41
1.75
1.63
	
32.0
32.2
34.9
	
3.64
3.69
3.70
	
2.70
2.77
2.74
	
67.29
67.93
69.90
	
3.16
2.62
2.41
	

	LSD0.05
	1.91
	1.29
	0.18
	1.28
	NS
	NS
	NS
	0.26
	

	Variety x Spacing:
V1 S1
V1 S2
V1 S3
V2 S1
V2 S2
V2 S3
V3 S1
V3 S2
V3 S3
V4 S1
V4 S2
V4 S3
V5 S1
V5 S2
V5 S3
	
48
36
29
56
34
26
50
36
27
50
40
32
58
44
35
	
40.6
38.6
36.9
43.5
39.2
39.5
40.6
42.3
39.8
50.3
49.4
44.3
27.2
24.6
25.1
	
1.47
2.03
1.30
1.80
2.27
1.43
1.37
1.90
1.60
1.67
1.43
2.33
0.73
1.10
1.50
	
26.9
34.8
40.0
33.8
33.1
31.7
34.4
33.3
31.3
40.5
35.4
44.8
24.5
24.5
26.7
	
3.43
3.70
3.70
3.66
3.59
3.66
3.58
3.61
3.80
3.78
3.80
3.47
3.77
3.72
3.85
	
2.53
2.90
2.73
2.67
2.73
2.80
2.83
2.67
2.83
2.77
2.83
2.50
2.70
2.73
2.83
	
65.37
67.62
68.12
66.80
67.88
69.14
67.45
68.85
66.98
66.19
66.54
68.70
70.64
69.78
76.53
	
3.22
2.84
2.79
3.27
2.69
2.69
3.31
2.75
2.27
3.19
2.55
2.17
2.83
2.27
2.14
	

	LSD0.05
	4.26
	2.88
	0.42
	2.87
	NS
	NS
	NS
	NS
	-

	CV%
	6.36
	4.45
	15.60
	5.20
	5.06
	6.67
	5.08
	12.50
	-






Assessing optimum date of transplanting on yield and yield contributing characters of BINA Aman rice varieties
Five rice varieties (Bindhan-7, Bindhan-11, Bindhan-15, Bindhan-16 and BRRI dhan57) were evaluated under three different dates of transplanting starting from July 25 , 2015 with an interval of 15 days at the experimental farm of Bangladesh Institute of Nuclear Agriculture, Mymensingh and BINA Sub-station Farm, Rangpur during Aman season, 2015-16. The objective was to observe the yield performances of aman varieties by delay transplanting. The experiment was laid out in a factorial randomized complete block design with three replications. The unit plot size was 3 m × 2 m. Data on yield and yield components were recorded at harvest and analyzed statistically following the design used for the experiment and the means were compared with LSD. The results are discussed below separately.  
Mymensingh:
The results revealed that mean grain yield of July 25 transplanting was the highest (4.39 t ha-1) (Table 3). On the other hand, August 10 produced the second highest grain yields (4.16 t ha-1). The mean grain yield was the highest (5.88 t ha-1) obtained by Binadhan-17 followed by Binadhan-7 which produced second highest grain yield (4.47 t ha-1). Highest yield contributed by highest number of total tillers hill-1 and filled grains panicle-1. The interaction results showed that Binadhan-17 when transplanted on July 25, produced the highest grain yield (5.50 t ha-1) followed by Bindhan-7 (4.85 t ha-1) and Bindhan-16 (4.47 t ha-1). On the other hand, Binadhan-7 when transplanted on August 25 (3.75 t ha-1), produced the highest grain yield followed by Binadhan-16 (3.72 t ha-1). Binadhan-7 and Binadhan-16 may be transplanted upto August 25 for comparable yield.
Rangpur: 
The results revealed that mean grain yield of July 25 transplanting was the highest (4.65 t ha-1) (Table 4). Highest yield contributed by highest number of total tillers hill-1 and filled grains panicle-1. On the other hand, August 25 produced the lowest grain yields (3.71 t ha-1). The mean grain yield was the highest (5.83 t ha-1) obtained by Binadhan-17  followed by Binadhan-7 which produced second highest grain yield (4.14 t ha-1).The interaction results showed that Binadhan-17 when transplanted on July 25, produced the highest grain yield (5.95 t ha-1) followed by Bindhan-7 (4.53 t ha-1) and Bindhan-11 (4.50 t ha-1). Binadhan-17 produced second highest yield (5.33 t ha-1) in August 10.
Table 3. Effect of delay transplanting of aman rice varieties at HQ, Mymensingh during 2015-2016
	Treatments
	Plant height (cm)
	Total
Tillers
 hill-1
   (no)
	Panicle length
 (cm)
	Filled grains
panicle-1
   (no.)
	Unfilled grains
    panicle-1       
       (no.)
	1000
 Seed    
    wt.
    (g.)
	Grain yield
   (t ha-1)
	Straw yield
     (t ha-1)
	Crop duration 
(days)

	Dates:
July 25  (D1)
Aug. 10 (D2)
Aug. 25 (D3)
	
99.25
96.17
79.58
	
8.46
9.77
9.10
	
23.97
22.83
22.41
	
106.08
102.9
102.7
	
31.02
28.72
26.25
	
21.95
22.87
22.26
	
4.39
4.16
3.85
	
5.26
5.06
5.00
	

	LSD0.05
	1.65
	0.45
	0.44
	3.84
	NS
	NS
	0.19
	0.19
	

	Varieties
Binadhan-7    (V1)
Binadhan-11  (V2) 
Binadhan-16  (V3) 
Binadhan-17  (V4) 
BRRI dhan57 (V5)
	
91.45
95.48
90.30
87.46
93.64
	
9.83
7.90
8.91
10.0
8.89
	
23.28
23.11
22.77
22.66
23.52
	
106.5
103.5
80.69
109.8
105.4
	
25.43
18.84
30.34
36.62
32.07
	
21.86
22.49
21.59
18.33
19.86
	
4.47
4.15
4.24
5.88
4.15
	
5.92
5.48
5.29
6.89
5.31
	
106
104
104
113
107

	LSD0.05
	2.13
	0.58
	0.97
	4.96
	6.43
	NS
	0.25
	0.24
	

	Date x Variety
D1 V1
D1V2
D1V3
D1V4
D1V5
D2V1
D2V2
D2V3
D2V4
D2V5
D3V1
D3V2
D3V3
D3V4
D3V5
	
98.80
102.0
96.43
97.43
100.1
96.77
99.20
93.00
95.53
96.33
78.80
84.27
80.93
69.40
84.50
	
9.00
7.70
8.77
8.67
8.17
10.8
8.63
12.5
8.97
8.00
9.73
7.37
8.80
9.10
10.5
	
24.00
23.77
24.30
23.17
24.60
23.00
22.90
22.33
22.67
23.23
22.83
22.67
21.67
22.13
22.73
	
83.63
85.30
77.70
120.6
113.1
118.4
115.9
82.03
84.07
114.3
114.3
109.4
82.33
115.7
92.00
	
23.93
22.73
30.73
48.53
29.20
28.33
24.53
30.73
25.87
34.13
24.03
9.27
29.60
35.47
32.87
	
21.61
23.46
22.85
18.80
18.02
22.86
22.50
22.73
18.30
17.94
21.10
20.51
21.19
17.89
23.62
	
4.85
4.47
4.60
5.50
4.37
4.20
4.03
3.94
5.43
4.00
3.75
3.15
3.72
3.17
3.16
	
5.69
5.33
5.80
5.89
5.31
5.46
5.17
4.50
6.33
5.40
4.87
5.93
5.08
4.67
5.47
	

	LSD0.05
	3.68
	1.00
	NS
	8.59
	11.14
	NS
	0.43
	0.42
	

	CV%
	2.40
	6.58
	2.52
	5.11
	23.24
	115.4
	6.81
	5.17
	




Table 4. Effect of delay transplanting of aman rice varieties at BINA Sub-station, Rangpur during 2015-2016
	Treatments
	Plant height (cm)
	Total
Tillers
 hill-1
   (no)
	Panicle length
 (cm)
	Filled grains
panicle-1
   (no.)
	Unfilled grains
    panicle-1       
       (no.)
	1000
 Seed   
   wt.
    (g.)
	Grain yield
   (t ha-1)
	Straw yield
     (t ha-1)
	Crop duration 
(days)

	Dates:
July 25  (D1)
Aug. 10 (D2)
Aug. 25 (D3)
	
95.32
94.72
91.88
	
11.48
11.46
10.69
	
22.74
22.30
22.46
	
113.8
108.9
102.5
	
19.81
26.49
24.78
	
22.40
20.89
21.23
	
4.65
4.29
3.71
	
5.07
5.09
5.04
	

	LSD0.05
	0.84
	0.24
	0.27
	1.60
	1.58
	0.26
	0.21
	NS
	

	Varieties
Binadhan-7    (V1)
Binadhan-11  (V2) 
Binadhan-16  (V3) 
Binadhan-17  (V4) 
BRRI dhan57 (V5)
	
93.32
93.84
96.24
92.19
94.27
	
11.67
11.09
11.87
10.47
10.97
	
22.37
22.41
22.67
22.06
23.00
	
100.9
108.6
102.8
115.4
114.2
	
21.39
17.94
25.21
27.02
26.89
	
23.24
22.39
23.63
17.70
20.64
	
4.14
4.01
4.08
5.83
4.03
	
5.22
5.00
5.11
6.09
5.92
	
110
107
103
111
105

	LSD0.05
	1.09
	0.31
	0.35
	2.07
	2.04
	0.34
	0.27
	NS
	

	Date x Variety
D1 V1
D1V2
D1V3
D1V4
D1V5
D2V1
D2V2
D2V3
D2V4
D2V5
D3V1
D3V2
D3V3
D3V4
D3V5
	
91.83
94.33
97.73
94.90
97.80
97.07
91.33
97.73
95.00
92.47
91.07
95.87
93.27
86.67
92.53
	
12.73
11.47
12.33
9.47
11.10
11.20
11.33
12.33
11.27
11.17
11.07
10.47
10.93
10.67
10.33
	
22.23
22.87
23.63
22.10
22.87
22.47
21.70
21.67
22.40
23.27
22.40
22.67
22.70
21.67
22.87
	
92.00
103.9
96.13
106.1
114.2
109.8
107.8
94.50
118.0
114.5
100.9
114.2
117.7
122.2
113.9
	
27.33
21.00
24.13
11.67
14.90
18.23
18.93
27.10
36.20
31.97
18.60
13.90
24.40
33.20
33.80
	
23.63
24.60
25.90
17.80
20.27
23.00
22.17
22.90
17.30
19.10
23.10
20.40
22.10
18.00
22.57
	
4.53
4.50
4.33
5.95
4.20
4.47
4.17
4.33
5.33
4.07
3.93
3.47
3.67
3.17
3.13
	
5.27
5.93
5.17
6.89
5.03
5.23
5.10
5.00
6.30
5.80
5.17
4.97
5.17
4.97
4.93
	

	LSD0.05
	1.89
	0.54
	0.61
	3.58
	3.53
	0.59
	0.46
	0.31
	

	CV%
	1.20
	2.86
	1.62
	1.97
	8.91
	1.63
	7.22
	3.64
	






Effect of date of transplanting on the yield and yield contributing characters of rice mutants/variety in aus season at drought prone areas
Four advanced mutant lines were evaluated compared to two check variety with different dates of transplanting starting from March 20, 2015 with an interval of 10 days during Aus season at drought prone areas of Nachole, Chapainawabgong, 2015-16. The objective was to evaluate the yield performances of these lines as affected by different dates of transplanting. The age of seedlings was 35 day-old and the advanced rice lines were N4/350/P-(5), N10/350/P-5-4, N4/350/P-1(2), N4/250/P-2(6)-26 and the check variety were Binadhan-17 and BRRI dhan48. The experiment was laid out in factorial randomized complete block design with three replications. The unit plot size was 3 m × 2 m. Data on yield and yield components were recorded at harvest and were statistically analyzed following the design used for the experiment and the means were compared with LSD. The results are discussed below.  
 The results revealed that mean grain yield due to different dates of transplanting showed significant differences and their yields ranged from 3.29 t ha-1 to 2.82 t ha-1. The mean grain yield of March 30 transplanting was the highest (3.29 t ha-1) (Table 5). On the other hand, April 10 produced the lowest grain yields (2.82 t ha-1). Among the mutant lines, N4/350/P-1(2) produced the highest grain yield of 3.39 t ha-1 and it was followed by N4/350/P-(5) (3.26 t ha-1). The data recorded on crop duration from transplanting to maturity revealed that the advanced rice line N10/350/P-5-4 required the least average 104 days and among the four advanced mutant lines; the N4/350/P-(5), required maximum average 110 days. The interaction results of different dates of transplanting and advanced mutant line showed that the advanced mutant line, N4/350/P-1(2) produced the maximum yield of 3.57 t ha-1 when transplanted on March 30.

Table 5. Yield and yield contributing characters of Nerica rice mutants/variety as affected by different dates of transplanting in Aus season, 2015-16 at Farmer’s field Nachole, Chapainabgong           
	Treatments
	Plant height (cm)
	Total
Tillers
 hill-1
   (no)
	Panicle length
 (cm)
	Filled grains
panicle-1
   (no.)
	Unfilled grains
    panicle-1       
       (no.)
	1000
    Seed    
    wt.
    (g.)
	Grain yield
   (t ha-1)
	Straw yield
  (t ha-1)
	Crop duration 
(days)

	Dates:
March 20  (D1)
March 30  (D2)
April 10    (D3)
	
91.27
85.27
98.14
	
13.12
15.76
14.88
	
23.54
23.61
23.02
	
116.4
111.7
64.01
	
43.92
60.19
86.83
	
20.54
20.62
19.34
	
3.02
3.29
2.82
	
4.53
4.93
4.23
	

	LSD0.05
	2.14
	0.55
	0.47
	3.32
	13.08
	0.37
	0.23
	NS
	

	Varieties
N4/350/P-(5)       (V1)
N10/350/P-5-4     (V2) 
N4/350/P-1(2)     (V3) 
N4/250/P-2(6)-26 (V4) 
Binadhan-17       (V5)
BRRI dhan48      (V6)
	
90.77
83.02
99.57
97.81
89.14
89.06
	
13.73
13.96
14.70
16.58
13.66
14.88
	
22.72
23.30
24.43
24.24
23.00
22.74
	
87.28
96.90
92.07
93.00
116.4
98.51
	
61.51
75.56
41.40
64.68
97.56
41.19
	
22.18
20.50
20.12
19.95
17.27
20.98
	
3.26
2.72
3.39
3.02
3.12
2.76
	
4.89
4.10
5.08
4.50
4.60
4.40
	
110
104
108
106
118
111

	LSD0.05
	3.02
	0.78
	0.67
	4.70
	18.50
	0.52
	0.33
	NS
	

	Date x Variety
D1 V1
D1V2
D1V3
D1V4
D1V5
D1V6
D2V1
D2V2
D2V3
D2V4
D2V5
D2V6
D3V1
D3V2
D3V3
D3V4
D3V5
D3V6
	
90.60
83.20
99.33
100.0
83.93
90.57
82.00
80.77
91.83
85.80
88.33
82.90
99.70
85.10
107.5
107.6
95.17
93.70
	
10.53
13.17
13.10
16.73
12.43
12.73
15.33
14.77
16.47
17.40
14.83
15.73
15.33
13.93
14.53
15.60
13.73
16.17
	
22.57
23.67
24.03
24.60
22.93
23.47
23.10
23.63
23.80
25.13
22.97
23.03
22.50
22.30
25.47
23.00
23.10
21.73
	
104.7
109.2
104.9
101.8
156.4
121.4
108.5
112.1
99.00
117.8
118.7
114.0
48.63
69.43
72.23
59.47
74.17
60.13
	
23.33
83.37
13.60
92.63
13.47
37.13
84.77
51.80
37.80
32.10
115.6
39.10
76.43
91.50
72.80
69.30
163.6
47.33
	
22.63
20.94
20.14
20.72
17.65
21.14
22.96
20.70
20.64
21.06
17.23
21.13
20.94
19.86
19.57
18.08
16.94
20.68
	
3.27
2.61
3.27
3.09
3.08
2.81
3.52
3.00
3.57
3.30
3.40
2.97
2.99
2.54
3.33
2.68
2.90
2.50
	
4.90
3.91
4.80
4.60
4.65
4.50
5.20
4.60
5.31
4.90
5.00
4.70
4.55
4.15
4.50
4.03
4.41
4.75
	

	LSD0.05
	5.23
	1.35
	1.16
	8.14
	32.05
	0.90
	NS
	NS
	

	CV%
	3.44
	5.56
	2.99
	5.04
	30.34
	2.69
	11.24
	11.26
	



Effect of date of transplanting on the yield and yield contributing characters of Nerica rice mutants/varieties in aman season at drought prone areas
Four advanced mutant lines were evaluated compared to two check variety with three dates of transplanting starting from July 25, 2015 with an interval of 10 days during aman season at drought prone areas of BINA Sub-station, Chapainabgong, 2015-16. The objective was to evaluate the yield performances of these lines as affected by different dates of transplanting. The three dates of transplanting were July 25, August 05, August 15 and the advanced mutants lines were N4/350/P-(5), N10/350/P-5-4, N4/350/P-1(2), N4/250/P-2(6)-26 and the check variety were Binadhan-17 and BRRI dhan48. Twenty five day old seedlings were transplanted in a randomized complete block design with three replications. The unit plot size was 3 m × 2 m. Data on yield and yield components were recorded at harvest and analyzed statistically following the design used for the experiment and the means were compared with LSD. The results are discussed below separately.  
 The mean grain yield of July 25 transplanting was the highest (4.76 t ha-1) (Table 6). On the other hand, August 15 produced the lowest grain yields (3.85 t ha-1). Among the mutant lines, N4/350/P-(5) produced the highest grain yield of 4.78 t ha-1 followed by Binadhan-17 (4.62 t ha-1). The data recorded on crop duration from transplanting to maturity revealed that the advanced mutant line N4/350/P-(5) required the least average 104 days and the Binadhan-17, required maximum average 116 days. The interaction results showed that the N4/350/P-(5) and July 25 produced the maximum yield (4.95 t ha-1 ) followed by Binadhan-17 (4.33 t ha-1) (Table 6).

Table 6. Yield and yield contributing characters of rice mutants/variety as affected by different dates of 
               transplanting in aman season, 2015-16 at BINA Sub-station, Chapainabgong
	Treatments
	Plant height (cm)
	Total
Tillers
 hill-1
     (no)
	Panicle length
 (cm)
	Filled grains
panicle-1
       (no.)
	Unfilled grains
    panicle-1       
       (no.)
	1000
    Seed    
    wt.
    (g.)
	Grain yield
   (t ha-1)
	Straw yield
     (t ha-1)
	Crop duration 
       (days)

	Dates:
 July 25     (D1)
August 05 (D2)
August  15 (D3)
	
106.5
100.9
98.50
	
10.07
15.49
14.36
	
24.21
22.94
23.60
	
118.1
117.3
121.2
	
33.84
36.47
35.57
	
21.49
21.53
19.65
	
4.76
4.41
3.85
	
6.18
6.60
5.78
	
-
-
-

	LSD0.05
	1.82
	0.69
	0.43
	NS
	NS
	0.49
	0.22
	0.54
	-

	Varieties
N4/350/P-(5)       (V1)
N10/350/P-5-4     (V2) 
N4/350/P-1(2)     (V3) 
N4/250/P-2(6)-26 (V4) 
Binadhan-17        (V5)
BRRI dhan48       (V6)
	
101.7
92.33
103.4
105.4
98.40
110.5
	
13.78
13.66
13.11
13.37
13.40
12.53
	
23.40
22.94
23.59
23.58
22.59
25.38
	
122.5
100.9
99.88
102.0
152.6
135.0
	
23.47
33.46
26.20
26.28
59.01
43.33
	
22.74
21.35
20.84
20.18
19.51
20.71
	
4.78
4.39
4.44
4.20
4.62
4.47
	
6.36
6.09
5.94
6.30
6.87
6.40
	
104
105
106
107
116
113

	LSD0.05
	2.56
	NS
	0.61
	5.18
	5.32
	0.70
	0.31
	NS
	-

	Date x Variety
D1 V1
D1V2
D1V3
D1V4
D1V5
D1V6
D2V1
D2V2
D2V3
D2V4
D2V5
D2V6
D3V1
D3V2
D3V3
D3V4
D3V5
D3V6
	
101.7
96.10
108.3
111.5
106.3
114.8
101.6
92.00
101.3
103.1
98.37
109.1
101.9
88.90
100.5
101.5
90.53
107.6
	
9.10
10.9
9.23
9.50
11.1
10.6
15.8
15.8
16.6
16.5
14.6
13.6
16.4
14.3
13.5
14.1
14.5
13.4
	
23.23
23.53
24.57
24.30
23.87
25.73
23.20
22.40
22.53
22.53
21.62
25.33
23.77
22.90
23.67
23.91
22.30
25.07
	
124.5
107.2
103.5
79.50
160.6
133.1
121.5
99.00
90.00
110.2
151.9
131.4
121.6
96.60
106.1
116.2
145.3
141.1
	
27.23
32.70
23.87
22.87
62.37
34.00
22.23
33.87
32.17
34.23
49.23
47.07
20.93
33.80
22.57
21.73
65.43
48.93
	
23.22
21.06
20.88
19.49
21.52
22.74
22.39
21.80
20.30
19.86
20.80
24.03
22.60
21.19
21.36
21.20
16.22
15.37
	
4.95
4.09
4.15
4.33
4.68
4.50
4.80
4.03
4.12
3.97
4.40
4.29
4.11
3.84
3.56
3.50
3.98
3.86
	
5.60
5.75
5.02
5.70
6.50
5.27
6.97
6.53
6.16
6.00
6.40
6.01
6.20
5.76
5.73
5.43
5.92
5.83
	

	LSD0.05
	4.46
	1.68
	NS
	8.98
	9.22
	1.21
	0.54
	NS
	

	CV%
	2.64
	7.61
	2.70
	4.55
	15.74
	3.48
	9.32
	13.08
	



Assessing optimum transplanting date for maximizing yield of Binadhan-14
Two rice varieties (Bindhan-14 and BRRI dhan28) were evaluated under four different dates of transplanting starting from Jan. 15, 2016 with an interval of 15 days at the experimental farm of Bangladesh Institute of Nuclear Agriculture, Mymensingh and BINA Sub-station Farm at  Magura during boro season, 2015-16. The objective was to observe how the yield performances of the varieties were affected by different dates of transplanting. The four different dates of transplanting were Jan. 15, Feb. 01, Feb. 15, and March. 01. The rice varieties were Binadhan-14 and BRRI dhan28. The experiment was laid out in factorial randomized complete block design with three replications. The unit plot size was 3 m × 2 m. Thirty day-old seedlings were transplanted @ 2-3 seedlings hill-1 with a planting spacing of 20 cm x 15 cm. The plots were fertilized with 105, 15, 60, 15 and1.5 kg ha-1 of N, P, K, S, Zn as urea, triple super phosphate, muriate of potash, gypsum and zinc oxide, respectively. All the fertilizers except urea were applied at final land preparation in full amount. Urea was applied in three splits- 30% at 7-10 days after transplanting (DAT), 30% at 20-30 DAT and the last 40% at panicle initiation stage.  The crop was harvested at different dates at maturity.
Mymensingh: The results revealed that mean grain yield of Feb. 01 transplanting was the highest (5.92 t ha-1) but it was statistically similar to Feb. 15 transplanting (5.83 t ha-1) (Table 7). The mean grain yield of Binadhan-14 irrespective of transplanting date was 5.03 t ha-1 which is differed from the check variety BRRI dhan28 (4.84 t ha-1). The interaction results showed that Binadhan-14 when transplanted on Feb. 01 & Feb. 15 produced the grain yield (6.13 & 5.93 t ha-1).

Table  7.  Yield and yield contributing characters of rice varieties as affected by different dates of 
 transplanting in late boro season, 2015-16 at BINA HQ, Mymensingh           
	Treatments
	Plant height (cm)
	Total
tillers hill-1
(no)
	Panicle length (cm)
	Filled grains
panicle-1
(no.)
	Unfilled grains
panicle-1 (no.)
	1000
seed 
wt. (g.)
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)
	Crop duration 
(days)

	Dates:
Jan. 15       (D1)
Feb. 01      (D2)
Feb. 15      (D3)
March 01   (D4)
	
95.07
96.77
95.77
89.15
	
11.75
11.20
10.37
14.85
	
21.55
21.12
21.70
22.00
	
106.0
107.27
94.41
87.07
	
19.05
26.10
19.17
22.07
	
22.57
22.09
22.60
19.92
	
4.78
5.92
5.83
3.22
	
6.45
6.83
6.65
4.70
	
-

	LSD0.05
	3.36
	1.13
	NS
	6.24
	NS
	0.90
	0.48
	0.30
	

	Varieties
Binadhan-14 (V1)
BRRI dhan28 (V2)
	
89.52
98.86
	
11.75
12.33
	
20.94
22.24
	
95.23
94.66
	
24.47
18.73
	
22.14
21.46
	
5.03
4.84
	
5.83
6.15
	
-

	Tvalues 
	**
	NS
	**
	NS
	*
	*
	NS
	**
	

	Date x Variety
D1 V1
D1V2
D2V1
D2V2
D3V1
D3V2
D4V1
D4V2
	
92.60
97.53
93.53
100.0
89.53
102.0
82.40
95.90
	
11.23
12.27
13.00
11.40
10.67
10.07
14.10
15.60
	
20.73
22.37
20.77
21.47
20.73
22.67
21.53
22.47
	
101.4
110.6
99.33
85.20
92.47
96.37
87.73
86.40
	
23.47
14.63
29.07
23.13
23.67
14.67
21.67
22.47
	
22.73
22.40
22.82
21.36
23.00
22.20
20.02
19.87
	
4.80
4.77
6.13
5.70
5.93
5.73
3.27
3.17
	
6.30
6.60
6.90
6.87
6.15
6.37
4.60
4.80
	
126
128
120
122
111
114
113
113

	LSD0.05
	4.76
	NS
	NS
	8.83
	NS
	NS
	NS
	NS
	

	CV%
	2.68
	7.07
	2.84
	4.94
	19.46
	3.11
	7.33
	3.71
	



Magura
The results revealed that mean grain yield of Feb. 01 transplanting was the highest (5.80 t ha-1) followed by Feb. 15 (5.78 t ha-1) (Table 8). The mean grain yield of Binadhan-14 irrespective of transplanting dates was 5.02 t ha-1 which differed from the check variety BRRI dhan28 (4.60 t ha-1). The interaction results showed that the Binadhan-14 when transplanted on Feb. 01 produced the highest grain yield (6.10 t ha-1) and second highest was 5.93 t ha-1 on Feb. 15.

Table 8. Yield and yield contributing characters of rice varieties as affected by different dates of          transplanting in late boro season season, 2015-16 at BINA Sub-station Farm of  Magura 
	Treatments
	Plant height (cm)
	Total
tillers hill-1
(no)
	Panicle length (cm)
	Filled grains
panicle-1
(no.)
	Unfilled grains
panicle-1 (no.)
	1000
seed 
wt. 
(g.)
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)
	Crop duration 
(days)

	Dates:
Jan. 15       (D1)
Feb. 01      (D2)
Feb. 15      (D3)
March 01 (D4)
	
92.18
90.20
94.33
85.73
	
13.33
12.33
11.50
10.42
	
23.55
22.77
24.20
21.97
	
115.1
115.5
103.2
76.31
	
23.76
17.48
28.70
20.98
	
22.10
21.78
21.63
19.95
	
4.46
5.80
5.78
3.18

	
6.61
6.95
6.92
4.82
	
-

	LSD0.05
	3.06
	NS
	0.84
	3.90
	5.32
	0.90
	0.39
	0.31
	

	Varieties
Binadhan-14 (V1)
BRRI dhan28(V2)
	
84.40
96.83
	
11.88
11.90
	
22.07
24.17
	
94.33
103.7
	
21.77
23.69
	
22.02
20.72
	
5.02
4.60
	
5.80
6.24
	-

	Tvalues 
	**
	NS
	**
	**
	NS
	**
	**
	**
	

	Date x Variety
D1 V1
D1V2
D2V1
D2V2
D3V1
D3V2
D4V1
D4V2
	
86.27
98.10
84.67
95.73
85.87
102.8
80.80
90.67
	
12.87
13.80
11.47
13.20
12.20
10.80
11.00
9.83
	
23.00
24.10
21.53
24.00
23.13
25.27
20.63
23.30
	
109.1
121.2
122.1
104.1
97.13
109.2
71.96
80.67
	
20.23
27.30
20.00
14.97
23.20
34.20
23.67
18.30
	
23.28
20.92
22.67
20.90
21.95
21.32
20.17
19.73
	
4.57
4.37
6.10
5.47
5.93
5.67
3.47
2.90
	
6.70
6.50
6.44
6.70
6.55
6.30
4.63
5.00
	
128
130
122
124
112
114
109
109

	LSD0.05
	NS
	NS
	NS
	NS
	7.52
	NS
	NS
	NS
	-

	CV%
	2.54
	8.06
	2.72
	2.96
	17.57
	3.17
	6.15
	3.90
	-



Improving the yield of salt tolerant rice genotype/variety through sloping bed transplanting and gypsum application
The research work was conducted at Farmer’s field of Satkhira, Bangladesh during boro season, 2015-16. The objective was to find out the suitable management of transplanting arrangement for productivity improvement of rice under natural salinity condition. The experiment was laid out in Split-split plot design with three replications. The unit plot size was 5 m × 4 m. Thirty five days old seedlings were transplanted @ 2-3 seedlings hill-1. Two rice varieties (Binadhan-10 and BRRI dhan61) were evaluated under three rates of gypsum i.e., gypsum @ 75 (G1), 150 (G2) and 225 (G3) kg ha-1 and three transplanting methods i.e., M0: Control (No Slope/flat land), M1: Ridge and furrow (each furrow 60 cm wide accommodating 5 lines transplanting) and M2: Ridge and furrow (each furrow 90 cm wide accommodating 7 lines transplanting). The crop was harvested at different dates at maturity. The recorded data were analyzed using the Analysis of Variance Technique. The mean differences were adjudged by Ducan’s New Multiple Range Test.
Transplanting method had significant effect on most of the plant parameters (Table 9). The plant height, number of total tillers hill-1, panicle length, number of filled grains panicle-1 and thousand grain weight were higher in the 150 kg ha-1 application of gypsum than other treatments. The results showed that the highest grain yield was obtained by Binadhan-10 (4.16 t ha-1) followed by BRRI dhan61 (3.68 t ha-1). Transplanting method showed that highest grain yield (4.29 t ha-1) was produced in ridge and furrow (each furrow 60 cm wide accommodating 5 lines transplanting) and the lowest yield (3.51 t ha-1) in control (No slope/flat land) method. In case of gypsum rates, 150 kg ha-1 gypsum produced the highest grain yield (4.20 t ha-1) due to the maximum number of total tiller hill-1 (12.9) and number of filled grain panicle-1 (106.9) followed by 75 kg ha-1 gypsum (3.87 t ha-1). Interaction between varieties and transplanting method showed that the highest grain yield in ridge & furrow (each furrow 60 cm wide accommodating 5 lines transplanting) method by Binadhan-10 (4.74 t ha-1) and the lowest yield (3.48 t ha-1) in control (No slope/flat land) method by BRRI dhan61. Interaction between varieties and gypsum rates showed that the highest grain yield in 150 kg ha-1 gypsum by Binadhan-10 (4.47 t ha-1). On the other hand, interaction between method and gypsum rates showed that the highest grain yield in ridge & furrow (each furrow 60 cm wide accommodating 5 lines transplanting) method with 150 kg ha-1 gypsum (4.68 t ha-1). Finally, the interaction results of varieties, method and gypsum rates concluded that the highest grain and straw yield in ridge and furrow (each furrow 60 cm wide accommodating 5 lines transplanting) method with 150 kg ha-1 gypsum by Binadhan-10 (5.19 t ha-1) and (6.20 t ha-1). Grain yield increased in ridge and furrow (each furrow 60 cm wide accommodating 5 lines) method with 150 kg ha-1 gypsum by Binadhan-10 (34.46%) compared to the traditional method. (No slope/flat land) (V1M1 G2).


Table 9. Yield and yield contributing characters as affected by rice genotype/variety, sloping bed   
transplanting and rates of gypsum in boro season during 2015-16 at Farmer’s field of Satkhira
	Treatments
	Plant
height 
(cm)
	Total
tillers hill-1
  (no)
	Panicle Length
(cm)
	Filled grains
panicle-1
   (no.)
	Unfilled grains
   anicle-1
     (no.)
	1000
Seed wt. (g.)
	Grain yield  
(t ha-1)
	Straw 
yield
(t ha-1)

	Varieties
Binadhan-10  (V1)
BRRI dhan61 (V2)
	
99.50
80.73
	
8.75
15.3
	
24.75
21.95
	
103.9
97.27
	
11.78
12.12
	
22.85
20.94
	
4.16
3.68
	
5.27
4.84

	LSD0.05
	**
	**
	**
	**
	NS
	**
	**
	**

	Method
Control (No Slope) (M1)
Ridge & Furrow (M2)
Ridge & Furrow (M3)
	
89.09
92.53
88.72
	
10.0
14.4
11.7
	
23.92
23.04
23.08
	
96.36
105.8
99.52
	
13.47
11.73
10.63
	
21.68
22.49
21.52
	
3.51
4.29
3.98
	
4.63
5.41
5.11

	LSD0.05
	2.13
	0.58
	0.22
	4.96
	3.43
	0.22
	0.38
	0.48

	Gypsum rates 
75  kg ha-1  (G1)
150 Kg ha-1 (G2)
225 Kg ha-1 (G3)
	
89.58
90.80
89.97
	
12.0
12.9
11.1
	
23.4
23.6
23.1
	
98.28
106.9
96.52
	
14.19
12.22
9.43
	
2 1.86
22.01
21.80
	
3.87
4.20
3.71
	
4.96
5.29
4.91

	LSD0.05
	1.18
	1.00
	0.48
	8.59
	2.45
	0.25
	0.43
	0.45

	Variety X Method
V1 M1
V1 M2
V1 M3
V2 M1
V2 M2
V2 M3
	
101.1
98.40
99.00
83.98
79.78
78.44
	
10.8
7.24
8.16
17.9
12.8
15.3
	
25.02
24.53
24.69
22.82
21.56
21.48
	
95.80
112.6
103.2
96.91
99.08
95.82
	
13.98
12.22
9.13
12.97
11.24
12.13
	
22.57
23.51
22.46
20.78
21.47
20.57
	
3.53
4.74
4.22
3.48
3.83
3.74
	
4.67
5.78
5.35
4.60
5.05
4.86

	LSD0.05
	8.25
	3.25
	0.27
	1.60
	1.58
	0.21
	0.26
	0.88

	Variety X Gypsum rates 
V1 G1
V1 G2
V1 G3
V2 G1
V2 G2
V2 G3
	
99.33
100.6
98.6
79.8
81.0
81.3
	
8.42
9.69
8.13
15.7
16.2
14.2
	
24.71
25.02
24.51
22.09
22.09
21.68
	
104.5
110.2
96.93
92.02
103.7
96.10
	
14.33
12.42
8.58
14.04
12.01
10.29
	
22.73
23.04
22.77
20.99
20.98
20.84
	
4.07
4.47
3.94
3.66
3.92
3.47
	
5.12
5.54
5.14
4.79
5.04
4.67

	LSD0.05
	5.09
	0.31
	0.35
	2.07
	2.04
	0.34
	0.27
	0.66

	 Method X Gypsum rates 
M1 G1
M1 G2
M1 G3
M2 G1
M2 G2
M2 G3
M3 G1
M3 G2
M3G3
	
90.93
92.63
94.03
88.57
89.80
88.90
89.23
89.97
86.97
	
14.0
15.6
13.5
10.1
10.5
9.37
11.9
12.7
10.6
	
24.40
23.93
23.43
22.80
23.23
23.10
23.00
23.50
22.75
	
98.73
99.13
91.20
99.37
114.7
103.5
96.73
106.9
94.87
	
15.33
13.65
11.43
14.67
12.50
8.03
12.57
10.50
8.83
	
21.71
21.67
21.65
22.40
22.69
22.38
21.48
21.68
21.39
	
3.42
3.77
3.32
4.22
4.68
3.96
3.96
4.14
3.84
	
4.69
4.74
4.48
5.16
5.90
5.18
5.03
5.23
5.06

	LSD0.05
	1.89
	0.54
	0.61
	3.58
	3.53
	0.59
	0.46
	0.31

	Variety X Method X gypsum rates 
V1 M1 G1
V1 M1 G2
V1 M1 G3
V1 M1 G1
V1 M2G2
V1 M2 G3
V1 M3 G1
V1 M3 G2
V1 M3 G3
V2 M1 G1
V2 M1 G2
V2 M1 G3
V2 M1 G1
V2 M2G2
V2 M2 G3
V2 M3 G1
V2 M3 G2
V2 M3 G3
	

99.07
102.3
101.9
98.67
98.67
97.87
100.3
100.7
96.07
82.80
82.93
86.20
78.47
80.93
79.93
78.20
79.27
77.87
	

10.2
12.5
9.80
7.07
7.73
6.93
8.00
8.80
7.67
17.9
18.7
17.2
13.2
13.3
11.8
15.9
16.6
13.47
	

25.60
24.73
24.73
24.00
24.80
24.80
24.53
25.53
24.00
23.20
23.13
22.13
21.60
21.67
21.40
21.47
21.47
21.50
	

98.60
101.7
87.07
112.4
117.2
108.2
102.6
111.5
95.53
98.87
96.53
95.33
86.33
112.1
98.77
90.87
104.4
94.20
	

14.13
15.87
11.93
16.60
12.60
7.47
12.27
8.80
6.33
16.53
11.43
10.93
12.73
12.40
8.60
12.87
12.20
11.33
	

22.34
22.87
22.50
23.38
23.59
23.54
22.47
22.66
22.26
21.07
20.48
20.79
21.41
21.79
21.21
20.50
20.69
20.51
	

3.40
3.86
3.32
4.58
5.19
4.44
4.24
4.36
4.07
3.44
3.68
3.33
3.86
4.16
3.48
3.68
3.93
3.60
	

4.54
4.94
4.53
5.55
6.20
5.58
5.29
5.46
5.31
4.85
4.53
4.42
4.77
5.60
4.78
4.77
4.99
4.81

	LSD0.05
	6.56
	0.78
	0.28
	8.47
	5.55
	0.23
	0.78
	0.93

	CV%
	3.36
	17.15
	6.10
	12.55
	22.88
	1.57
	18.09
	12.17



Effect of different herbicides on weed infestation and yield in boro rice (Binadhan-14)
A field experiment was conducted at the Agronomy field of the Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh under wet land condition during November 2015 to May 2016. Five selected herbicides i, e., H1 =Clean Master 18 WP 500 gm ha-1, H2 =Grass clean  10 WP 125 gm ha-1, H3 =Ornet 20 WDG 50 gm ha-1, H4 = Seavafit 500 EC 1 L ha-1, H5 =Weed clean 480 SL 1.8 L ha-1, H6 =Emclore 5G 25 Kg ha-1 were tested along with two hand (HW) weeding, 30 days after transplanting and 45 days after transplanting and control treatments (H0) in a RCBD experiment with three replications. The aim was to see the effects of the weed control treatments on weed control crop growth and yield in boro rice. 
In all cases herbicides were applied in 4-5 cm standing water in the plots. In case of manual weeding treatment, it was included 2 weeding at 30 and 50 DAT, respectively whereas in weed free treatment weeding was done by hand when they were found. The size of the individual plot was 3mx3m. Treatments were assigned in unit plots at random. Weed density was collected from each plot at vegetative stage of rice by using 0.5mx 0.5m quadrate. The weeds within the quadrate were counted species wise and converted to number m-2 multiplying by four. After counting the weed density the weeds inside each quadrate were uprooted, cleaned, separated species wise and dried first in the sun and then in an electric oven for 72 hours at the temperature of 800C. The dry weight of each species was taken with an electric balance and expressed in g m-2. Data on crop yield were collected at proper maturity of the crop. All the recorded data were compiled and analyzed using M- stat program of computer and the means were judged by LSD.
Table 10. Particulars of weed species in the weeded plots of the experiment at vegetative growth 
	Sl.
no.
	Local name
	Scientific name
	Family
	Morphological type
	Life cycle

	1.
	Shama
	Echinochloa colomum
	Gramineae
	Grass
	Annual

	2.
	Angta
	Paspalum scrobiculatum
	Gramineae
	Grass
	Perennial

	3.
	Panikachu
	Monochoria vaginalis
	Pontederiaceae
	Broad-leaved
	perenial

	4.
	Arail
	Leersia hexandra L.
	Gramineae
	Grass
	Annual

	5.
	Chechra
	Scirpus mucronatusL.
	Cyperaceae
	Sedge
	Perennial

	6.
	Choto Angule ghash
	Digitaria sanguinalis
	Gramineae
	Grass
	Annual

	7.
	Purple mutsedge
	Eyperus rotundus
	Cyperaceae
	Sedge
	Annual

	8.
	Keshuti
	Eclipta alba Hassk.
	Compositae
	Broad leaved
	Perennial



Eight weed species belonging to five families namely Shama, Angta, Panikachu, Arail, Chechra, Choto angule ghash, Purple mutsedge and Keshuti were found to grow in the experimental plots. Among them two were broad- leaved, four were grasses and two were sedges. The particular of weeds is described in  Table 10.
 It was found that the density and dry weight of weeds varied considerably in different weed control treatments (Table 11). The highest weed density was found in the weedy check treatment, showing the highest weed population values of 23.3 m-2 and the lowest weed density/m2 was found in the treatment with the recommended dose of  Seavafit 500 EC 1 L ha-1 followed by two hand weeding (HW) when the values were 4.9 m-2 and 5.7 m-2 at vegetative stage (Table 11). The weed management practices at vegetative stage had a significant effect on the total fresh and dry weight (g m-2). The highest weed fresh weight 15.61 g m-2 was observed in control treatment and the lowest weed fresh weight 2.86 g m-2 was observed with Seavafit 500 EC 1 L ha-1 (Table 11).  The highest weed dry weight (g m-2) was found in the weedy check condition, showing the highest weed dry weight values of 7.76 g m-2 and the lowest (g m-2) was found in the condition of the recommended dose of Seavafit 500 EC 1 L ha-1  by followed two hand weeding (HW) treatment, showing the lowest values of 1.51 g m-2 and 1.89 g m-2 (Table 11). 
 Table 11. Effect of weed control treatments on weed density, weed fresh and dry weight at vegetative stage
	Treatment
	Weed Density
   (no. m-2)
	Weed Fresh weight
       (g m-2)
	Weed dry weight
        (g m-2)

	H0 =Control 
	23.3
	15.61
	7.76

	H1 =Clean Master 18 WP 500 gm ha-1 
	21.7
	13.55
	6.99

	H2 =Grass clean  10 WP 125 gm ha-1
	13.0
	5.76
	2.84

	H3 =Ornet 20 WDG 50 gm ha-1
	6.33
	5.24
	2.84

	H4 =Seavafit 500 EC 1 L ha-1
	4.9
	2.86
	1.51

	H5 =Weed clean 480 SL 1.8 L ha-1
	13.0
	10.46
	5.82

	H6 =Emclore 5G 25 Kg ha-1
	9.00
	5.75
	2.96

	HW =Hand weeding                                       
	5.7
	2.90
	1.89

	LSD0.05
	11.60
	7.62
	5.12

	CV(%)
	11.00
	16.52
	13.12



Among the weed treatment the highest grain yield (5.00 tha-1) was produced with the treatment Seavafit 500 EC 1 L ha-1 followed by two hand weeding (4.97 t ha-1). The results of the present study suggest that Binadhan-14 variety could be grown with Seavafit 500 EC 1 L ha-1, followed by the treatments of two hand weeding (HW) to maximize yield of boro rice (Table12). 




Table 12. Effect of herbicide and weed management on the yield and yield contributing characters of boro  rice 
	Treatments
	Plant height (cm)
	Total tiller
Plant-1  (no.)
	Effective tillers
Plant-1
(no.)
	Panicle
Length (cm)
	Filled grains
Panicle-1
(no.)
	Unfilled grains
Panicle-1
(no.)
	1000 seed wt. (g)
	Grain yield (tha-1)
	Straw 
Yield
 (tha-1)

	H0
	86.5
	6.37
	5.6
	20.5
	80.5
	16.3
	21.63
	3.47
	5.40

	H1
	89.3
	11.2
	9.3
	21.3
	87.6
	22.0
	22.47
	4.90
	5.33

	H2
	86.7
	10.8
	8.4
	21.7
	85.6
	17.9
	21.67
	4.67
	5.50

	H3
	88.6
	11.3
	8.4
	21.3
	84.7
	16.9
	21.50
	4.17
	5.30

	H4
	83.0
	10.5
	8.6
	21.3
	87.7
	15.4
	21.87
	5.00
	5.57

	H5
H6
	84.3
86.4
	10.5
11.3
	8.0
8.9
	21.1
21.3
	82.9
83.2
	16.8
33.7
	22.00
21.67
	4.30
4.60
	5.37
5.47

	HW
	85.7
	9.40
	7.0
	20.6
	81.6
	18.5
	21.93
	4.97
	5.27

	LSD0.05
	2.34
	0.79
	1.35
	NS
	2.58
	4.42
	NS
	0.78
	NS

	CV(%)
	1.55
	4.44
	9.56
	2.10
	1.75
	12.81
	2.20
	4.10
	4.40



Seed multiplication and TL seed production of BINA developed varieties 
Seeds of different popular varieties of BINA were produced at the BINA Sub-station farms and also in the farmer’s fields of different locations and part of those seeds were purchased during 2015-16. These seeds were either brought to BINA HQ and kept in central seed store or kept in seed stores of sub-stations of BINA. Seed production activities, locations, crop varieties and areas during the reporting period were shown in Table 13. In case of farmer’s fields, partial inputs subsidies and free seeds or only free seeds were provided. During the reporting period a total of 37.10 t seeds of different crop varieties of BINA were produced and procured. Among them rice were about 29.55t, mustard 2.55 t, chickpea 0.12 t, summer moog 2.00 t, lentil 1.41 t and sesame 1.47 t. 






Table 13. Seeds produced/purchased, distributed/sold & Stored during 2015-16
	Crop
	Varieties
	Total Seeds produced
/purchased
(ton)
	Total distributed
/sold
(ton)
	Seeds stored
(ton)
	Remarks

	Rice
	Aman
Binadhan-7
	
3.058
	
3.058
	
-
	

	
	Binadhan-11
	3.940
	3.940
	
	

	
	Binadhan-12
	0.060
	0.060
	
	

	
	Binadhan-16
Binadhan-17
Binashail
Boro
Binadhan-6
Binadhan-10
Binadhan-14
	1.202
4.440
0.350
-
0.200
6.500
9.800
	1.202
4.440
0.350
-
0.200
6.500
9.800
	




	

	
	Sub-total
	29.550
	29.550
	-
	

	Mustard
	Binasarisa-4
	1.907
	1.907
	
	

	
	Binasarisa-9
	0.559
	0.559
	
	

	
	Binasarisa-10
	0.088
	0.088
	
	

	
	Sub-total
	2.554
	2.554
	-
	

	Chickpea
	Binasola-4
	0.072
	0.072
	
	

	
	Binasola-6
	0.043
	0.043
	
	

	
	Sub-total
	0.115
	0.115
	
	

	Seasame
	Binatil-1
	0.092
	0.092
	
	

	
	Binatil-2
	0.975
	0.975
	
	

	
	Binatil-3
	0.403
	0.403
	
	

	
	Sub-total
	1.470
	1.470
	-
	

	Mung
	Binamoog-5
	0.200
	0.200
	
	

	
	Binamoog-8
	1.800
	1.800
	
	

	
	Sub-total
	2.000
	2.000
	
	

	Lentil
	Binamasur-5
	0.686
	0.686
	
	

	
	Binamasur-6
	0.245
	0.245
	
	

	
	Binamasur-7
	0.136
	0.136
	
	

	
	Binamasur-8
Binamasur-9
	0.258
0.084
	0.258
0.084
	
	

	
	Sub-total
	1.409
	1.409
	-
	

	
	Total
	37.098
	37.098
	-
	





 ADAPTIVE RESEARCH AND EXTENSION DIVISION
Research Highlights
Three hundred eighty adaptive trials/block farming were conducted with BINA developed crop varieties at the farmers’ field during 2015-16 in collaboration with the Department of Agricultural Extension (DAE) and in-charge of different BINA sub-stations. 
Ninety nine block farming with submergence tolerant rice variety Binadhan-11were conducted in 12 districts. Binadhan-11 produced average grain yield of 4.23 t ha-1, which was 7.70 higher than the popular and other submergence tolerant cultivar. Flash flood prone areas of Bangladesh are suitable for massive extension of Binadhan-11. Seventy block farming with salt tolerant rice variety Binadhan-10 were conducted in 9 districts. Binadhan-10 produced average grain yield of 5.33 t ha-1 and matured in 134 days, Farmers were found very much interested to cultivate Binadhan-10 due to its better performance in both saline and non saline soils. They also made request BINA authority to conduct more demonstrations for farmers’ motivation and their better understanding about the variety. Sixty block farming with late boro rice variety Binadhan-14were conducted in 07 districts. Binadhan-14 produced average grain yield of 5.85 t ha-1 and matured in 119 days, which was almost one month shorter duration than the check variety, BRRI dhan28. Popularity of Binadhan-14 is tremendously increasing due to its better grain yield, shorter duration and late transplanting capababilities, which facilitates rabi crop cultivation in between aman and boro rice. Adopting this variety, an additional rabi crop can easily be cultivated. Twenty adaptive trails with early T. aman rice varieties Binadhan-7, Binadhan-16 and Binadhan-17 were conducted in 4 districts, produced average grain yield of 4.95, 4.61 and 5.75 t ha-1, respectively. There were almost no difference among the varieties in respect of yield and duration except Binadhan-17. Farmers felt some difficulties to thresh Binadhan-16, that’s why they were reluctant to adopt this variety. Ten adaptive trails with submergence tolerant rice varieties Binadhan-11 and Binadhan-12 were conducted in 4 districts which produced average grain  yield of 4.62 t ha-1 and 3.23 t ha-1, respectively, Binadhan-11 showed better performances both the respect of yield and duration than those of Binadhan-12 and BRRI dhan52. Though the yield of Binadhan-12 was low, it possessed fine quality rice grain which attracted aristocratic farmers. 
In adaptive trials with mustard varieties, Binasarisha-9 and Binasarisha-10 produced average seed yield of 1.32 and 1.33 t ha-1, respectively. There were almost no difference in respect of duration and yield of tested varieties. Farmers commented on Binasharisha-9 that it had shuttering tendency in ripening stage, is the barrier to adopt in among end users. Block farming with sesame variety, Binatil-2 produced average seed yield of 1.39 t ha-1. Farmers showed their interest to cultivate Binatil-2 for its higher seed yield, oil content, attractive seed and oil colour. In adaptive trials with sesame varieties, Binatil-1, Binatil-2 and Binatil-3 produced average seed yield of 1.17, 1.34 and 1.43 t ha-1, respectively which was almost same as check variety Atshira (1.20 t ha-1). Binatil-3 showed better performances both in respect of duration and seed yield. Further trials would be needed to identify the suitable area for large-scale extension of this variety.
Block farming with lentil variety, Binamasur-5 produced average seed yield of 1.40 t ha-1 and matured in 103 days, which was almost same as check variety, BARI masur-6. Popularity of Binamasur-5 increasing due to its better yield, less infestation of diseases, specially in Magua. Adopting this variety an additional rabi crop can easily be cultivated by introducing late boro variety Binadhan-14. In block farming with Binamasur-6 produced average seed yield of 1.28 t ha-1 and matured in 111 days, which was almost same as check variety, BARI masur-6. Popularity of Binamasur-6 increasing due to its better yield, less infestation of diseases, specially in Magura. Adopting this variety an additional rabi crop can easily be cultivated by introducing late boro variety Binadhan-14. In case of mungbean variety 12 block farmings with Binamoog-8 produced average seed yield were 1.40 t ha-1, which was 3 percent higher compared to cheek cultivar. Farmers of those districts were found enthusiastic to continue this variety for its higher seed yield and shiny color of seeds. In chickpea variety with Binasola-4 produced average seed yield of 0.73 t ha-1. Late sowing might be one of the vital reasons of low yield. However, farmers showed their deep interest to cultivate Binasola-4 due to its shinny seed coat, less pest and disease infestation. In block farming with Binasola-6 produced average seed yield of 0.75 t ha-1. Late sowing also might be one of the vital reasons of low yield. However, farmers showed their deep interest to cultivate Binasola-4 due to its less pest and disease infestation.
A total of 44 block farming with Binadhan-11 and Binadhan-14 were carried out in order to establish BINA tech villages around BINA headquarter and its eight sub-stations. Binadhan-11 produced average grain yields of 4.25 t ha-1. Average maturity period of Binadhan-11 was 127 days. Binadhan-11 demonstrated better yield performance in both submerged and normal condition, that’s why almost in all the locations, farmers were found much keen to cultivate Binadhan-11 in the upcoming years. In Mymensingh, Binadhan-14 produced grain yield of 6.05 t ha-1. An extra HYV rabi crop could easily be cultivated adopting Binadhan-7 in aman season having higher yield of aman rice and late boro rice like Binadhan-14. A cropping pattern of “Binadhan-7Binasarisha-9/10Binadhan-14” has demonstrated very suitable and highly profitable.
In order to promotion of BINA generated crop varieties, 2 workshops were organized with DAE, BADC and NGOs personnel. A total of 7 farmers and Sub-Assistant Agricultural Officers (SAAO) training courses were organized during this period and 350 male and female farmers including 70 SAAOs were also trained on cultivation of BINA developed improved crop varieties across the country. 
A total of 9 field days were also organized in different areas of the country to motivate farmers and popularize the BINA developed crop varieties/technologies to the end users
For technology transfer through printed media, publications were made on 5 types of leaflets totaling 25000 copies during this period. Besides these, seven TV programmes were telecasted to popularize some BINA crop varieties



PROGRAMME AREA: TECHNOLOGY TRANSFER AND IMPACT ASSESMENT
Adaptive trial/Block farming with rice varieties developed by BINA
Block farming with submergence tolerant aman rice variety Binadhan-11 compared to popular cultivar in different locations
During aman season of 2015-16, 119 block farming with submergence tolerant aman rice Binadhan-11 were conducted at the farmer’s fields in different locations in collaboration with the DAE, among them 20 fields were damaged due to prolonged submergence and other calamities. The main objectives were to evaluate the performance of this variety at different flood prone areas and widening its adoption by the farmers. Area of each plot was one acre. Spacing between line-to-line and plant-to-plant was 20 cm × 15 cm. All fertilizers were applied by farmers as per recommendation. Transplanting dates ranged from 15 July to 10 August 2015 and age of seedlings was 20 to 25 days. Based on the available reports of 99 block farming, data of block farming plots are presented in Table 1. 
Table 1. 	Performance of submergence tolerant aman rice Binadhan-11 compared to popular cultivar in different locations during 2015-16
	District
	Upazila
	No. of demons.
	Duration
(days)
	Yield 
(t ha-1)
	Yield increased over check
(%)

	
	
	
	Binadhan-11
	Check
	Binadhan-11
	Check
	

	Pabna
	Sathia
	3
	126
	107V1
	4.71
	5.42
	-13.10

	
	Sujanagar
	3
	123
	114V1
	4.12
	4.51
	-8.65

	
	Bera
	3
	116
	119V2
	4.53
	4.72
	-4.03

	Kurigram
	Razibpur
	3
	119
	137V5
	4.17
	2.85
	46.32

	
	Roumari
	2
	117
	138V5
	4.14
	2.94
	40.82

	Jamalpur
	Sadar
	2
	129
	145V9
	4.14
	4.14 
	0.00

	
	Madarganj
	2
	128
	135V8
	4.04
	4.12
	-1.94

	
	Bokshiganj
	2
	121
	134 V5
	4.05
	3.03
	33.66

	
	Sarishabari
	3
	124
	137 V6
	3.72
	4.31
	-13.69

	
	Dewanganj
	2
	119
	125 V5
	4.61
	2.94
	56.80

	Brahmonbaria
	Sadar
	3
	136
	145V5
	4.04
	3.51
	15.10

	
	Akhwra
	3
	130
	136V6
	1.72
	1.61
	6.83

	Dinajpur
	Parbotipur
	3
	118
	141V3
	4.53
	5.05
	-10.30

	
	Ghoraghat
	5
	114
	133V6
	3.91
	5.05
	-22.57

	
	Nobabganj
	3
	128
	139 V3
	4.35
	4.44
	-2.03

	Sirajganj
	Sadar
	3
	127
	137 V6
	4.21
	3.98
	5.78

	
	Belkuchi
	3
	120
	131V2
	3.91
	3.21
	21.81

	
	Ullapara
	3
	134
	135V6
	5.16
	4.94
	4.45

	Gaibanda
	Fulchari
	3
	120
	142V4
	4.96 
	4.47
	10.96

	
	Sundarganj
	3
	124
	145V5
	4.75
	4.54
	4.63

	Nilfamari
	Jaldhaka
	3
	114
	109V3
	5.31
	4.52
	17.48

	
	Kishoreganj
	4
	139
	146V4
	5.62
	4.81
	16.84

	Rangpur
	Kaunia
	3
	118
	136V3
	3.31
	3.05
	8.52

	
	Gangachara
	3
	144
	145V4
	3.58
	4.97
	-27.97

	Mymensingh 
	Sadar
	3
	121
	-
	4.82
	-
	-

	
	Ishwarganj
	2
	125
	-
	4.81
	-
	-

	
	Bhaluka
	2
	124
	-
	4.32
	-
	-

	
	Tarakanda
	2
	131
	-
	3.41
	-
	-

	Kishoreganj
	Kuliarchar
	6
	123
	140 V7
	3.84
	4.43
	-13.32

	
	Bazitpur
	6
	123
	126 V8
	4.45
	3.88
	14.69

	
	Bhairab
	3
	152
	120 V7
	4.16
	3.80
	9.47

	Netrokona
	Mohanganj
	3
	120
	130 V8
	4.17
	3.95
	5.57

	
	Durgapur
	2
	140
	120 V8
	3.04
	2.51
	21.12

	Total
	99
	
	
	
	
	

	Mean
	
	127
	
	4.23
	4.05
	7.70

	V1 Mean (Binadhan-7)
	111
	4.42
	4.965
	-10.87

	V2 Mean (BRRI dhan39)
	121
	4.22
	3.97
	8.89

	V3 Mean (Sharna )
	131
	4.38
	4.27
	3.42

	V4 Mean (BR 11)
	144
	4.72
	4.75
	-0.06

	V5 Mean (Local)
	137
	4.29
	3.30
	32.89

	V6 Mean (BRRI dhan49)
	136
	3.74
	3.98
	-3.84

	V7 Mean (BR 22)
	136
	3.74
	3.98
	-3.84

	V8 Mean (BRRI dhan32)
	130
	4.05
	4.12
	-1.93

	V9 Mean (BRRI dhan52)
	145
	4.14
	4.14
	0



The data of Table 1 revealed that Binadhan-11 produced average grain yields of 4.23 t ha-1, which was 7.70 percent higher compared to check varieties. Average maturity period of Binadhan-11 was 127 days. Nine popular cultivars were used as check, which were: V1 = Binadhan-7, V2 = BRRI dhan39, V3 = Sharna, V4 = BR11, V5 = Local, V6 = BRRI dhan49, V7 = BR22, V8 = BRRI dhan32, V9 = BRRI dhan52. Binadhan-11 demonstrated better yield performance in both submerged and normal condition. That’s why almost in all the locations, farmers were found much keen to cultivate Binadhan-11 in the upcoming years. The results of Binadhan-11 revealed that this variety is suitable for massive extension in all the districts mentioned above.  
Block farming with salt tolerant boro rice variety Binadhan-10 compared to popular cultivar in different locations
During boro season of 2015-16, 70 block farming with Binadhan-10 were conducted at the farmer’s fields in different locations in collaboration with the DAE. Area of each demonstration plot was one acre. Spacing between line-to-line and plant-to-plant was 20 cm × 15 cm. All fertilizers were applied by farmers as per recommendation. Transplanting dates ranged from 10 to 31 January 2016 and age of seedlings was 40 to 50 days. Based on the available reports, data of block farming plots are presented in Table 2. 
Table 2. 	Performance of salt tolerant boro rice Binadhan-10 compared to popular cultivar in different locations during 2015-16
	Districts
	Upazila
	No. of Demons.
	Crop duration
(days)
	Seed yield
(t ha-1)
	Yield increase over check
(%)

	
	
	
	Binadhan-10
	Check
	Binadhan-10
	Check
	

	Cox’s Bazar
	Teknaf
	3
	124
	142V1
	4.53
	4.22
	7.35

	 
	Sadar
	3
	132
	135V1
	5.72
	5.35
	6.92

	 
	Chakoria
	6
	141
	143V1
	5.04
	4.31
	16.94

	 
	Ukhia
	3
	136
	140V1
	5.55
	4.64
	19.61

	Feni
	Sonagazi 
	3
	141
	140V1
	6.51
	5.65
	15.22

	 
	Daganbhuiyan
	3
	125
	140V1
	6.52
	5.01
	30.14

	Pirojpur
	Nazirpur
	3
	136
	139V1
	5.53
	4.44
	24.55

	 
	Bhandaria
	3
	138
	144V2
	4.05
	3.82
	6.02

	 
	Sadar
	1
	133
	139V1
	6.53
	5.05
	29.31

	Chittagong 
	Banshkhali
	8
	139
	143V1
	4.21
	4.03
	4.47

	Khulna 
	Dumuria
	3
	136
	141V1
	6.81
	4.05
	68.15

	Bhola
	Sadar
	6
	129
	140V1
	4.53
	4.05
	11.85

	 
	Borhanuddin
	6
	144
	140V2
	6.24
	5.21
	19.77

	 
	Char Fashon
	3
	117
	141V2
	6.23
	4.32
	44.21

	Borguna
	Amtoli
	3
	131
	110V2
	5.04
	4.53
	11.26

	 
	Pathorghata
	3
	132
	140V2
	3.94
	3.34
	17.96

	Patuakhali
	Dosmina
	4
	137
	139V2
	4.91
	4.23
	16.08

	Bagerhat
	Morrelganj
	3
	128
	143 V1
	4.81
	5.11
	-5.87

	
	Sharonkhola
	3
	140
	142 V2
	4.52
	3.83
	18.02

	Total
	
	70
	
	
	
	
	

	Mean 
	
	
	134
	
	5.33
	4.48
	18.82

	V1 Mean (BRRI dhan28) 
	
	140
	5.52
	4.66
	18.57

	V2 Mean (BRRI dhan47)
	
	137
	4.99
	4.18
	19.30



Data in the Table 2 revealed that Binadhan-10 produced average grain yields of 5.33 t ha-1. Average maturity period of this variety was 134 days. Check varieties were BRRI dhan28 and BRRI dhan47 which was produced average gain yield of 5.52 (V1) and 4.99 (V2) t ha-1. Farmers were found very much interested to cultivate Binadhan-10 due to its better performance in both saline and non saline soils. They also made request BINA authority to conduct more demonstrations for farmers’ motivation and their better understanding about the variety. Farmers of above all districts were found keen to cultivate Binadhan-10. It needs more trials in different locations for identifying other suitable areas of Binadhan-10 cultivation and thereby massive extension.
Block farming with late boro rice variety Binadhan-14 compared to popular cultivar in different locations
During boro season of 2015-16, 60 block farming with late boro rice Binadhan-14 were conducted at the farmer’s fields in different locations in collaboration with the DAE. Area of each demonstration plot was one acre. Spacing between line-to-line and plant-to-plant was 20 cm × 15 cm. All fertilizers were applied by farmers as per recommendation. Transplanting dates ranged from 15 February to 15 March 2015 and age of seedlings was 20 to 25 days. Based on the available reports, data of demonstration plots are presented in Table 3. 

Table 3. 	Performance of late boro rice Binadhan-14 compared to popular cultivar in different locations during 2015-16
	District
	Upazila
	No. of demons
	Duration
(days)
	Yield
(t ha-1)
	Yield increased over check
(%)

	
	
	
	Bina
dhan-14
	check 
(BRRI dhan28)
	Bina
dhan-14
	check 
(BRRI dhan28)
	

	Kishoregonj
	Pakundia
	4
	103
	130 V1
	4.92
	5.1
	-3.53

	
	Hossainpur
	2
	117
	142 V1
	5.45
	5.35
	1.87

	
	Kotiadi
	2
	129
	140 V1
	4.05
	4.15
	-2.41

	Faridpur
	Madhukhali
	3
	106
	139 V1
	5.51
	5.05
	9.11

	
	Sadarpur
	3
	127
	137V1
	6.03
	5.53
	9.04

	
	Nagarkanda
	2
	123
	135V1
	5.51
	5.34
	3.18

	Jhalokathi
	Sadar
	3
	125
	138 V1
	5.95
	4.65
	27.96

	
	Nalchiti
	2
	124
	141 V1
	6.11
	5.47
	11.70

	Bogra
	Sadar
	3
	109
	145V1
	5.88
	5.21
	12.86

	
	Gabtoli
	3
	121
	146V1
	5.75
	5.52
	4.17

	Mymensingh
	Sadar
	10
	124
	146V1
	6.43
	5.43
	18.42

	Madaripur
	Sadar
	2
	114
	143V2
	6.03
	6.02
	0.17

	 
	Kalkini
	2
	113
	140V1
	5.82
	4.65
	25.16

	 
	Rajoir
	2
	122
	136V2
	7.15
	6.22
	14.95

	 
	Shibchar
	2
	128
	141V1
	6.81
	5.83
	16.81

	Magura
	Sadar
	10
	123
	140V1
	5.43
	5.61
	-3.21

	 
	Shalikha
	5
	116
	143V2
	6.57
	6.76
	-2.81

	Total
	
	60
	
	
	
	
	

	Mean
	
	
	119
	
	5.85
	5.41
	8.17

	V1 Mean (BRRI dhan28)
	
	140
	5.69
	5.21
	9.27

	V1 Mean (BRRI dhan29)
	
	141
	6.58
	6.33
	3.95



The data of Table 3 revealed that Binadhan-14 produced average grain yields of 5.85 t ha-1, which was 8.17 percent higher compared to check varieties. Average maturity period of Binadhan-14 was 119 days. Two popular cultivars were used as check, which were: V1 = BRRI dhan28 and V2 = BRRI dhan29. The comment of farmers and extension personnel on Binadhan-14, the variety had some shuttering tendency.  That’s why farmers some times feel reluctant to adopt this variety. It was a late sowing boro variety which promoted an extra HYV oilseed, pulse and potato varieties easily before boro cultivation, facilitating to attain self-sufficiency in oilseed, pulse and vegetable production. 
Adaptive trials with early T. aman Binadhan-7, Binadhan-16 and Binadhan-17 compared to check variety 
During aman season of 2015-16, 20 adaptive trials with Binadhan-7, Binadhan-16 and Binadhan-17 were conducted at farmers’ plots in 4 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binadhan-7, Binadhan-16 and Binadhan-17 for its dissemination and encourage the farmers for adopting these varieties as well as making available seeds for the farmers for the next seasons. Unit plot size of individual adaptive trial was one bigha at all the locations. Seed beds were prepared during end of June to mid of July and transplanting was completed with mid July to mid August 2015. The check variety was BRRI dhan56 in all the locations. Fertilizers were applied as per recommendation. Data were recorded on crop duration and grain yield. The results are presented in Table 4. 
Table 4. 	Performance of early T. aman Binadhan-7, Binadhan-16 and Binadhan-17 compared to BRRI dhan56 in different locations during 2015-16 
	District
	 Upazila
	No. of demn
	Duration
(days)
	Yield
(t ha-1)
	Yield increased 
over check 
(%)

	
	
	
	Binadhan-7
	Binadhan-16
	Binadhan-17
	BRRI dhan56
	Binadhan-7
	Binadhan-16
	Binadhan-17
	BRRI dhan56
	Binadhan-7
	Binadhan-16
	Binadhan-17

	Magura
	Shalikha
	2
	117
	105
	114
	122
	5.95
	5.32
	6.35
	5.87
	1.36
	 -9.37
	8.18

	
	Sadar
	2
	118
	103
	122
	123
	4.51
	5.21
	5.42
	4.71
	-4.25
	10.62
	15.07

	Jessore
	Bagharpara
	2
	120
	110
	119
	128
	5.32
	5.55
	6.56
	5.08
	4.72
	9.25
	29.13

	Netrokona
	Sadar
	2
	117
	106
	121
	127
	4.48
	2.81
	4.82
	3.51
	27.64
	-19.94
	37.32

	Mymensingh
	Sadar
	12
	114
	101
	115
	115
	4.51
	4.11
	5.62
	4.35
	3.68
	-5.52
	29.21

	Total
	
	20
	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	
	117
	105
	118
	123
	4.95
	4.61
	5.75
	4.70
	5.31
	-2.21
	22.32



The results presented in Table 4 showed that average duration and yield of Binadhan-7, Binadhan-16 and Binadhan-17 were 117, 105, 118 and 123 days and 4.95, 4.61 5.75 and 4.70 t ha-1, respectively. It is indicating that there were almost no difference among the varieties in respect of yield and duration except Binadhan-17. Farmers felt some difficulties to thresh Binadhan-16, that’s why they were reluctant to adopt this variety. For identification of best T. aman variety it needs further trials. 
Adaptive trials with submergence tolerant T. aman rice Binadhan-11, Binadhan-12 compared to check variety 
During aman season of 2015-16, 10 adaptive trials with Binadhan-11 and Binadhan-12 were conducted at farmers’ plots in 4 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binadhan-11 and Binadhan-12 for its dissemination and encourage the farmers for adopting these varieties as well as making available seeds for the farmers for the next seasons. Unit plot size of individual adaptive trial was one bigha at all the locations. Seed beds were prepared during end of June to mid of July and transplanting was completed with mid July to mid August 2015. The check variety was BRRI dhan52 in all the locations. Fertilizers were applied as per recommendation. Data were recorded on crop duration and grain yield. The results are presented in Table 5. 
Table 5. 	Performance of Binadhan-11, Binadhan-12 compared to BRRIdhan-52 in different locations during 2015-16
	District
	Upazila
	No. of demn.
	Duration
(days)
	Yield 
(t ha-1)
	Yield increased 
over check (%)

	
	
	
	Binadhan-11
	Binadhan-12
	BRRIdhan52
	Binadhan-11
	Binadhan-12
	BRRIdhan52
	Binadhan-11
	Binadhan-12

	Mymensingh
	Sadar
	2
	122
	145
	147
	5.11
	3.12
	5.21
	-1.92
	-40.12

	Sherpur
	Nokla
	2
	119
	128
	148
	5.30
	4.25
	5.41
	-2.03
	-21.44

	Tangail
	Kalihati
	2
	105
	126
	119
	5.23
	4.59
	5.27
	-0.76
	-12.90

	Netrokona
	Sadar
	2
	146
	154
	157
	3.71
	2.07
	2.81
	32.03
	-26.33

	
	Durgapur
	2
	116
	153
	152
	3.73
	2.11
	2.85
	30.88
	-25.96

	Total
	
	10
	
	
	
	
	
	
	
	

	Mean
	
	
	122
	141
	145
	4.62
	3.23
	4.31
	7.10
	-25.10



The results presented in Table 5 showed that average duration and yield of Binadhan-11, Binadhan-12 and BRRI dhan52 were 122, 141 and 145 days, and 4.62, 3.23 and 4.31 t ha-1, respectively. It is indicating that Binadhan-11 showed better performance both the respect of yield and duration than those of Binadhan-12 and BRRI dhan52. Though the yield of Binadhan-12 was low it possessed fine quality rice grain which attracted aristocratic farmers. For identification of best submergence tolerant variety of T. aman it needs further trials. 
Adaptive trials with mustard variety, Binasarisha-9 and Binasarisha-10 compared to best local variety
During the rabi season of 2015-2016, 16 adaptive trials were conducted with Binasarisha-10 in 3 different districts in collaboration with the DAE. The main objectives were to demonstrate the performances of Binasarisha-9 and Binasarisha-10 to evaluate their location specific suitability and widen adoption by the farmers. Unit plot size of block demonstrations was one bigha at all the locations. Seeds were sown during October to November 2015 at the rate of 7.5 kg ha-1. The local check varieties were Tori-7. All fertilizers were applied as per recommendation and 1-2 irrigation was applied in the demonstration plots. Pesticides were sprayed as and when necessary to control insects and pests. Data were recorded on crop duration and seed yield. The results are presented in Table 6.
Table 6. 	Performance of Binasharisa-9, Binasharisa-10 compared to BARI sharisa-14 in different locations during 2015-16
	District
	Upazila
	No. of demn
	Duration
(days)
	Yield 
(t ha-1)
	Yield increased 
over check 
        (%)

	
	
	
	Binasharisa-9
	Binasharisa-10
	BARI sharisa-14
	Binasharisa-9
	Binasharisa-10
	BARI sharisa-14
	Binasharisa-9
	Binasharisa-10

	Mymensingh
	Sadar (Fhakirakandha)
	2
	80
	79
	85
	1.14
	1.12
	1.23
	-7.32
	-8.94

	
	Sadar 
(Dapunia)
	2
	81
	83
	84
	1.33
	1.41
	1.44
	-7.64
	-2.08

	
	Sadar (Vabokhali)
	1
	82
	80
	78
	1.33
	1.43
	1.48
	-10.14
	-3.38

	
	Sadar (Bororchar)
	5
	86
	80
	80
	1.33
	1.39
	1.34
	-0.75
	3.73

	
	Bhaluka
	2
	80
	81
	83
	1.11
	1.21
	1.23
	-9.76
	-1.63

	Magura
	Shalikha
	2
	84
	82
	85
	1.66
	1.52
	1.47
	12.93
	3.40

	Sherpur
	Nalitabari
	2
	85
	83
	82
	1.32
	1.21
	1.34
	-1.49
	-9.70

	Total
	
	16
	
	
	
	
	
	
	
	

	Mean
	
	
	83
	81
	82
	1.32
	1.33
	1.36
	-3.25
	-1.99



The data presented in Table 6 indicated that Binasarisha-9, Binasarisha-10 and BARI sharisha-14 produced average seed yield of 1.32, 1.33 and 1.36 t ha-1 with duration of 83, 81 and 82 days, respectively. The results indicated that there were almost no difference in respect of duration and yield of tested varieties. Farmers commented on Binasharisha-9 that it had shuttering tendency in ripening stage, is the barrier to adopt in among end users. However, considering the duration of tested varieties indicated that farmers of all the locations easily include those varieties as an extra crop between T. aman and boro rice for increasing cropping intensity from 200 % to 300%.  
Farmers’ observation trials with Binatil-1, Binatil-2 and Binatil-3 compared to check variety 
During kharif-1 season of 2015-2016, 10 adaptive trials with Binatil-1, Binatil-2 and Binatil-3 were conducted at farmers’ plots in 4 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of with Binatil-1, Binatil-2 and Binatil-3 for its dissemination and encourage the farmers for adopting these varieties as well as making available seeds for the farmers for the next seasons. Unit plot size of individual plot was 1 bigha at all the locations. Seeds were sown during mid February to March, 2016 in kharif-1 season. The local check variety was Atshira in all the locations. Fertilizers were applied as per recommendation. Data were recorded on crop duration and grain yield. The results are presented in Table 7. 

Table 7. 	Performance of Binatil-1, Binatil-2 and Binatil-3 compared to Atshira in different locations during 2015-16
	District
	 Upazila
	No. of demns.
	Duration 
(days)
	Yield 
(t ha-1)
	Yield increased 
over check 
(%)

	
	
	
	Binatil-1
	Binatil-2
	Binatil-3
	Atshira
	Binatil-1
	Binatil-2
	Binatil-3
	Atshira
	Binatil-1
	Binatil-2
	Binatil-3

	Faridpur
	Madhukhali
	2
	98
	99
	89
	95
	1.21
	1.34
	1.43
	1.23
	-1.63
	8.94
	16.26

	Magura
	Sadar
	2
	99
	101
	88
	97
	1.17
	1.42
	1.38
	1.16
	0.86
	22.41
	18.97

	Jessore
	Bagharpara
	2
	97
	98
	87
	96
	1.19
	1.37
	1.41
	1.18
	0.85
	16.10
	19.49

	Mymensingh
	Sadar
	4
	99
	101
	90
	97
	1.12
	1.23
	1.49
	1.22
	-8.20
	0.82
	22.13

	Total
	
	10
	
	
	
	
	
	
	
	
	
	
	

	Mean
	
	
	98
	100
	89
	96
	1.17
	1.34
	1.43
	1.20
	-2.09
	11.90
	19.21



The results presented in Table 7 showed that average duration and yield of Binatil-1, Binatil-2, Binatil-3 and Atshira were 98, 100, 89 and 96 days and 1.17, 1.34, 1.43 and 1.20 t ha-1, respectively. It is indicating that Binatil-3 showed better performances both in respect of duration and seed yield. That’s why, farmers’ of all locations preferred Binatil-3. However, for identification of best variety its need further trials to conclude. 
Block farming with Binatil-2 compared to local check variety 
During Kharif-1 season of 2015-2016, 20 block farming with variety Binatil-2 were conducted at farmers’ plots in 6 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binatil-2 for their dissemination and encourage the farmers for adopting these varieties. Unit plot size of individual block farming was one bigha at all the locations. Seeds were sown during February to March 2016. The local check variety was atshira. Fertilizers were applied as per recommendation. Pesticides were also sprayed as and when necessary to control insects and pests. Data were recorded on crop duration and seed yield. The results are presented in Table 8. 

Table 8 . 	Performance of Binatil-2 compared to popular cultivar in different locations during 2015-2016
	  District
	 Upazila
	No. of Demons.
	Crop duration 
(seed to seed) in days
	Seed yield
(t ha-1)
	Percent yield
increased over check

	
	
	
	Binatil-2
	Atshira
	Binatil-2
	Atshira
	

	Panchagorh
	Sadar
	4
	96
	95
	1.35
	1.37
	-1.460

	Faridpur
	Sadar
	4
	95
	94
	1.41
	1.39
	1.439

	Madaripur
	Rajoir
	2
	94
	94
	1.46
	1.47
	-0.680

	Meherpur
	Sadar
	4
	97
	96
	1.45
	1.39
	4.317

	Mymensingh
	Sadar
	4
	96
	95
	1.44
	1.45
	-0.690

	Jhalakathi
	Kathalia
	2
	89
	-
	1.21
	-
	-

	Total
	20
	
	
	
	
	

	Mean
	
	96
	95
	1.39
	1.41
	-1.93



The data of Table 8 revealed that Binatil-2 produced average seed yield of 1.39 t ha-1, which was almost similar to popular check variety Atshira (1.41 t ha-1). The duration of Binatil-2 was also similar to Atshira indicating that both were the popular in farmers’ field. 
Block farming of lentil variety Binamasur-5 in different locations in collaboration with DAE	
A total of 11 block farming with Binamasur-5 were set up at the farmer’s fields in 4 upazilas under 4 districts. The main objectives were to demonstrate and evaluate the performance of Binamasur-5 compared to check variety across the locations and encourage the farmers to continue the variety in their fields. The area for each of the demonstration plots was one acre where 5 decimal were allocated for control variety BARI masur-5. Data on crop duration, insect and disease infestation and seed yield were recorded. The results are presented in Table 9.

Table 9. 	Performance of Binamasur-5 compared to popular cultivar in different locations during 2015-16
	District
	Upazila
	No. of demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over check
(%)

	
	
	
	Bina
masur-5
	BARI
Masur5
	Bina
masur-5
	BARI
masur-5
	

	Magura
	Sadar
	5
	102
	100
	1.63
	1.49
	9.40

	Kushtia
	Dawlatpur
	1
	100
	98
	1.41
	1.38
	2.17

	Chapainawabganj
	Sadar
	4
	104
	106
	1.43
	1.37
	4.38

	Rajshahi
	Baghmara
	1
	104
	107
	1.14
	1.18
	-3.39

	Total
	11
	
	
	
	
	

	Mean
	
	103
	103
	1.40
	1.36
	3.14



The data in Table 9 indicates that almost no difference was observed in duration of Binamasur-5 and the check variety. The highest seed yield (1.63 t ha-1) was recorded at Sadar upazila of Magura district. 
Block farming of lentil variety Binamasur-6 in different locations in collaboration with DAE
A total of 8 block farming with Binamasur-6 were set up at the farmer’s fields in 3 upazilas under 2 districts. The main objectives were to demonstrate and evaluate the performance of Binamasur-6 compared to check variety across the locations and encourage the farmers to continue the variety in their fields. The area for each plot was one acre where 5 decimal were allocated for control variety BARI masur-6. Data on crop duration, insect and disease infestation and seed yield were recorded. The results are presented in Table 10.

Table 10. 	Performance of Binamasur-6 compared to popular cultivar in different locations during 2015-16
	District
	Upazila
	No. of demons
	Duration (days)
	Yield (t ha-1)
	Yield increased over check
(%)

	
	
	
	Binamasur-6
	BARI
masur-6
	Binamasur-6
	BARI
masur-6
	

	Gopalganj
	Sadar
	1
	111
	97
	1.14
	1.09
	4.58

	 
	Maksudpur
	2
	116
	104
	1.19
	1.61
	-26.08

	Magura
	Sadar
	5
	107
	105
	1.50
	0.85
	76.47

	Total
	8
	
	
	
	
	

	Mean
	
	111
	102
	1.28
	1.18
	18.32



The data in Table 10 indicated that almost 11 days difference was observed in duration of Binamasur-6 and the check variety. But the average yield of Binamasur-5 was 1.28 t ha-1, which was about 18 percent higher than the check variety. The highest seed yield (1.50 t ha-1) was recorded at sadar upazila of Magura district. 
Block farming of mungbean variety, Binamoog-8 in different locations in Collaboration with DAE	
A total of 12 block farming with mungbean variety, Binamoog-8 were conducted at farmers’ fields in four districts. The Department of Agriculture Extension (DAE) was the main collaborator in making the demonstrations successful. The objectives were to demonstrate and evaluate the performance of Binamoog-8 for its dissemination and adoption among the farmers. The area of each of the demonstrations was one bigha. The trials were conducted under farmers’ own management. Data on crop duration and seed yield are presented in Table 11.

Table 11. 	Performance of Binamoog-8 compared to popular cultivar in different locations during 2015-16
	District
	Upazila
	No. of demon.
	Duration 
(days)
	Yield 
(t ha-1)
	Yield increased over check
(%)

	
	
	
	Binamoog-8
	Check
	Binamoog-8
	Check
	

	Jhalakathi
	Sadar
	2
	68
	-
	1.41
	-
	-

	
	Kathalia
	2
	67
	-
	1.39
	
	-

	
	Nalchiti
	2
	69
	-
	1.42
	
	-

	Rajshahi
	Godagari
	2
	67
	70
	1.29
	1.35
	-4.44

	Narore
	Sadar
	2
	68
	68
	1.48
	1.39
	6.47

	Bogra
	Sadar
	2
	71
	69
	1.39
	1.33
	4.51

	Total
	12
	
	
	
	
	

	Mean
	
	68
	69
	1.40
	1.36
	2.70



It revealed from the Table 11 that there was no remarkable difference between the duration and yield of Binamoog-8 and the check variety BARI moog-6. Both were the short duration mungbean variety, it need more than two plucking but farmers’ preferred only one plucking type variety, though by more plucking farmers got more yield. 
Block farming of chickpea variety Binasola-4 in different locations in collaboration with DAE
During the rabi season of 2015-16, a total of 5 block farming on Binasola-4 were set up at the farmer’s fields in Sadar upazila of Chapainawabganj district in collaboration with DAE. The main objectives were to demonstrate and evaluate the performance of Binasola-4 in the locations and encourage the farmers to continue the variety in their fields. The area for each of the demonstration plots was one acre where 5 decimal was allocated for check variety. Sowing time ranged from mid November to mid December, 2015. In all cases seeds were sown using broadcast method at the rate of 30 kg ha-1. The fertilizers like urea, TSP, MoP, gypsum and zinc sulphate were applied at the rate of 35, 120, 70, 90 and 4 kg ha-1, respectively. All intercultural operations were managed by the farmers as and when required. Data on crop duration, seed yield, and insect and disease infestation were recorded. The results are presented in Table 12.


Table 12. 	Performance of Binasola-4 compared to popular cultivar in different locations during 2015-16
	District
	Upazila
	No. of demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over check (%)

	
	
	
	Binasola-4
	Check
	Binasola-4
	Check
	

	Chapainawabganj
	Sadar
	5
	119
	114
	0.73
	0.45
	64.32

	Total
	5
	
	
	
	
	

	Mean
	
	119
	114
	0.73
	0.45
	64.32



It is evident from the Table 12 that average duration of Binasola-4 was 119 days. The average seed yield of Binasola-4 was 0.73 t ha-1, which was about 64.32 percent higher than the check cultivar. Late sowing might be one of the vital reasons of low yield. Shiny seed coat of Binasola-4 was also marked by the farmers as an additional advantage, especially for higher market price though now days the market price of chickpea is low. However, farmers shown their deep interest to cultivate Binasola-4 due to its shinny seed coat, less pest and disease infestation.
Block farming of chickpea variety Binasola-6 in different AEZ in collaboration with DAE
During the rabi season of 2015-16, a total of 5 block farming with Binasola-6 were set up at the farmer’s fields in three upazilas of two districts in collaboration with DAE. The main objectives were to demonstrate and evaluate the performance of Binasola-6 across the locations and encourage the farmers to continue the variety in their fields. The area for each of the demonstration plots was one acre where 5 decimal was allocated for check variety. Sowing time ranged from mid November to mid December, 2015. In all cases seeds were sown using broadcast method at the rate of 30 kg ha-1. The fertilizers like urea, TSP, MoP, gypsum and zinc sulphate were applied at the rate of 35, 120, 70, 90 and 4 kg ha-1, respectively. All intercultural operations were managed by the farmers as and when required. Data on crop duration, seed yield, and insect and disease infestation were recorded. The results are presented in Table 13:


Table 13. 	Performance of Binasola-6 compared to popular cultivar in different locations during 2015-16
	District
	Upazila
	No. of demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over check (%)

	
	
	
	Binasola-6
	Check
	Binasola-6
	check
	

	Chapainawabganj
	Sadar
	2
	115
	114
	0.72
	0.50
	44.03

	
	Nachol
	2
	115
	119
	0.84
	0.46
	82.61

	Rajshahi
	Godagari
	1
	117
	119
	0.69
	0.49
	39.55

	Total
	5
	
	
	
	
	

	Mean
	
	116
	117
	0.75
	0.48
	55.39



It is evident from the Table 13 that average duration of Binasola-6 was 116 days. The average seed yield of Binasola-6 was 0.75 t ha-1, which was about 55.39 percent higher than the check cultivar. Late sowing might be one of the vital reasons of low yield. However, farmers showed their deep interest to cultivate Binasola-6 due to its less pest and disease infestation.
Establishment of BINA-Technology Pilot Area (BINA-Village)
In order to establish BINA-Tech. village, Block farming and other extension work were done in collaboration with the Department of Agricultural Extension (DAE) and BINA-substations at the farmer’s fields in surrounding areas of BINA Head quarter and its sub-stations. Results of overall promotional activities related to BINA-Technology village establishment at different locations are presented in Table 14.


Table 14.	Performance of submergence tolerant aman rice Binadhan-11 compared to popular cultivar in different locations during 2015-16
	Sub-Station/ Head quarter
	Upazila
	No. of demons.
	Duration 
(days)
	Yield 
(t ha-1)
	Yield increased over check
(%)

	
	
	
	Binadhan-11
	Check
	Binadhan-11
	Check
	

	Ishurdi
	Sathia
	3
	127
	136 V1
	5.29
	4.26
	24.18

	Magura 
	Sadar
	5
	120
	118 V2
	5.32
	4.96
	7.26

	
	Shalikha
	2
	118
	117 V2
	5.23
	5.12
	2.15

	Jamalpur  
	Sadar
	2
	126
	142V1
	4.55
	4.69
	-2.99

	Nalitabari
	Nalitabari
	3
	122
	-
	5.14
	-
	

	Mymensingh 
	Sadar
	12
	126
	-
	4.37
	-
	

	Chapai Nawabganj
	Sadar
	1
	122
	147 V3
	4.23
	4.84
	-12.60

	
	Nachol
	2
	123
	149 V3
	4.52
	4.56
	-0.88

	Gopalganj
	Kashiani
	1
	125
	146 V4
	4.69
	4.04
	16.09

	
	Sadar
	1
	129
	140 V4
	4.79
	4.20
	14.05

	
	Tungipara
	1
	133
	136 V4
	4.12
	3.90
	5.64

	Rangpur
	Sadar
	5
	125
	-
	5.12
	-
	-

	Comilla
	Burichang
	3
	124
	136 V5
	4.96
	4.41
	12.47

	Total
	41
	
	
	
	
	

	Mean
	
	127
	
	4.25
	4.05
	6.66

	V1 Mean (BRRI dhan52)
	139
	4.92
	4.475
	10.60

	V2 Mean (BRRI dhan33)
	118
	5.28
	5.04
	4.70

	V3 Mean (Sharna)
	148
	4.38
	4.7
	-6.74

	V4 Mean (BR 11)
	141
	4.53
	4.05
	10.61

	V5 Mean (BRRI dhan32)
	136
	4.96
	4.41
	12.48



The data of Table 14 revealed that Binadhan-11 produced average grain yield of 4.25 t ha-1, which was 6.66 percent higher compared to check varieties. Average maturity period of Binadhan-11 was 127 days. Five popular cultivars were used as check, which were: V1 = BRRI dhan52, V2 = BRRI dhan33, V3 = Sharna, V4 = BR11, V5 = BRRI dhan32. Binadhan-11 demonstrated better yield performance in both submerged and normal condition, that’s why almost in all the locations, farmers were found much keen to cultivate Binadhan-11 in the upcoming years. 
Block farming with different BINA developed crop varieties in surrounding areas of BINA Headquarter, Mymensingh
During 2015-16, 3 block farming were conducted with BINA developed Binadhan-14 at Bhabokhali and Daponia village under Sadar upazila and Nandigram village under Gouripur upazila in Mymensingh district. Results of Demonstrations are presented in Table 15.
Table 15. 	Performance of Binadhan-14, compared to BRRI dhan28 in Mymensing during 2015-16
	District
	Upazila
	No. of demon.
	Duration
(days)
	Yield
(t ha-1)
	Yield increased 
over check 
        (%)

	
	
	
	Bina
dhan-14
	BRRI
dhan28
	Bina
dhan-14
	BRRI
dhan28
	

	Mymensingh
	Sadar (Bhabokhali)
	1
	117
	131
	5.53
	4.75
	15.79

	
	Sadar (Dapunia)
	1
	115
	129
	6.51
	5.52
	18.18

	
	Gouripur
	1
	111
	121
	6.12
	5.13
	20.04

	Total
	
	3
	
	
	
	
	

	Mean
	
	
	114
	127
	6.05
	5.13
	17.99



Mymensingh district is mostly suitable for rice cultivation. Results in Table 15 depict that rice varieties of Binadhan-14 produced grain yield of 6.05 t ha-1. An extra HYV rabi crop could easily be cultivated adopting Binadhan-7 in aman season having higher yield of aman rice and late boro rice like Binadhan-14. A cropping pattern of “Binadhan-7-Binasarisha-9/10-Binadhan-14” has demonstrated very suitable and highly profitable in those villages under both upazilas. These BINA varieties following above cropping pattern would be are disseminated among the farmers.
Training on the use of BINA developed technologies
In order to technology promotion, 7 training courses were organized during the period of 2015-16. A total of 70 DAE personnel (Sub-assistant Agriculture Officers, SAAO) and 350 female and male farmers were trained on cultivation of BINA developed improved crop varieties. Details of the training and workshops are presented in Table 16.
Table 16. Farmers Training on the use of BINA developed technologies during 2015-2016
	Sl No
	Topic
	Place of Training
	No. of participants
	Source of  fund

	1.
	Farmers training on “Establishment of Demonstration  & Seed Preservation Method of BINA developed drought tolerant lentil variety Binamashur-7, Binamashur-8 & Binamashur-9
	Madhukhali,
Faridpur
	60

	CCTF
Project

	2.
	Farmers training on “Cultivation, Management & Establishment of Demonstration of  BINA developed saline tolerant boro rice Binadhan-8 & Binadhan-10
	BINA Sub-Station, Gopalganj
	60
	CCTF
Project 

	3.
	Farmers training on “Cultivation, Seed Production & Seed Preservation Method of BINA developed high yielding short duration late Boro rice Binadhan-14 
	BINA Sub-Station, Rangpur
	60
	CCTF
Project 

	4.
	Farmers training on “Cultivation, Management & Establishment of Demonstration of BINA developed drought tolerant mustard Binasharisha-9 &  Binasharisha-10
	Sadar, Gaibandha
	60
	CCTF
Project 

	5.
	Farmers training on “Cultivation, Seed Production & Seed Preservation Method of BINA developed high yielding short duration late Boro rice Binadhan-14
	BINA Sub-Station, Jamalpur
	60
	CCTF
Project 

	6.
	Farmers training on “Cultivation, Seed Production & Seed Preservation Method of BINA developed high yielding short duration late Boro rice Binadhan-14
	BINA Sub-Station, Nalitabari
	60
	CCTF
Project 

	7. 
	Farmers training on “Cultivation, Seed production & Seed Preservation Method of BINA developed high yielding mustard varieties
	Narayanganj
	60
	Molecular --- Project 




Field Day
In order to motivate the farmers to adopt BINA developed varieties/technologies, 9 field days/on-farm farmers’ training on different crop varieties was organized across the country. Details of the field day activities are presented in Table 17.
Table 17. Field days organized at the farmers fields on different crop varieties during 2015-2016
	Sl. No.
	Crop
	Variety
	Date
	Locations
	Participants

	1
	Rice
	Binadhan-11
	24.11.2015
	Roumari, Kurigram
	200

	2
	
	Binadhan-11
	25.11.2015
	Rajibpur, Kurigram
	200

	3
	
	Binadhan-11
	03.12.2015
	Durgapur, Netrakona
	200

	4
	
	Binadhan-14
	07.05.2016
	Bhaluka, Mymensingh
	200

	5
	
	Binadhan-14
	09.05.2016
	Sadar, Khagrachori
	200

	6
	
	Binadhan-14
	10.05.2016
	Nalsity, Jhalokathi
	200

	7
	
	Binadhan-14
	11.05.2016
	Madhukhali, Faridpur
	200

	8
	
	Binadhan-14
	24.05.2016
	Sadar, Gopalgonj
	200

	9
	Mungbean
	Binamoog-8
	10.05.2016
	Kathalia, Jhalokhati
	200



Publications and photographic enrichment 
For technology transfer through printed media, publications were made on five types of leaflets totaling 25000 copies during this period. Besides these, seven programmes were telecast to popularize some BINA crop varieties. Details of the publication activities and electronics media exposure are presented in Table 18 and Table 19.
Table 18.	List of publications made on different crop varieties and electronic media exposure during 2015-16
	Sl. No.
	Name of crops/varieties
	Name of publication
	Language
	Copies printed

	1. 
	Binadhan-11 & 12
	Leaflet
	Bangla
	5000

	2.
	Binadhan-14
	
	
	5000

	3.
	Binadhan-15
	
	
	5000

	4.
	Binadhan-16
	
	
	5000

	5.
	Binadhan-17
	
	
	5000

	                                                                                                            Total =
	25000

	Table 19. Electronic media exposure on different crop varieties during 2015-16

	Sl. No.
	Name of crops/ varieties
	Name of the channel
	Location
	Remarks

	1.
	Binamasur-7/8/9
	My TV
	Madhukhali, Faridpur
	
It was very 
effective for Awareness creation





	2.
	Binadhan-8 &10

	BTV
	BINA Sub-station
Gopalgonj
	

	3.
	Binadhan-14

	Machranga TV, Gazi TV
	BINA Sub-station
Jamalpur
	

	4.
	Binadhan-14
	E TV
	Sadar Khagrachori
	

	5.
	Binadhan-14
	Channel I
	Nalcity, Jhalokathi
	

	6.
	Binadhan-14
	nTV
	Bhaluka, Mymensingh
	

	7.
	Binamoog-8
	Channel I
	Kathalia, Jhalokathi
	


     

HORTICULTURE DIVISION
Research Highlights 
Tomato
The HM-2671 genotype of tomato produced the highest yield compared to all other genotypes including check Binatomato-6 in all the field experiments of different locations.

Brinjal (M3) 
Among the fifteen mutants of brinjal (M3), seven mutants IndM3D75P36, (4kg. plant-1), IndM3D75P38 (3kg. plant-1), IndM3D75P42, (3.53kg. plant-1). IndM3D75P30, (3.76 kg.plant-1) IndM3D75P44 (4kg. plant-1), IndM3D75P45 (3.53kg. plant-1) and IndM3D75P46 (3.54kg. plant-1) showed high yield potential compared to other mutants and parent. These seven mutants will be promising for next season.

Chili (M5)
Among the six mutants, the desirable mutant CM5D75P1 produced the highest yield (33 t/ha) at BINA HQ farm, Mymensingh. In case of another experiment, the mutant line PM5C75P36 showed the highest fruit yield (34 t/ha) at farmer’s field Boyra, Seshmore, Mymensingh during 2015-16 rabi season.  
Bottle gourd (M2)
Among the selected sixteen mutants of Bottle gourd seven mutants BL-4M2D75P2R1, BL-4M2D75P2R3, BL-4M2D150P14R3, BL-4M2D300P16R1, BL-4M2D300P18R2, BL-4M2D300P19R1, BL-4M2D300P20R3 showed the highest number of fruits ranged from 11-14 no./plant compared to parents and other mutants. The selection procedure will be continued in next season. 

Garlic 
The five genotypes of Garlic viz. BAURasun-1, BAURasun-2, BAURasun-3, BAURasun-4 and AC-5 were irradiated with 0.75, 1.0 and 2.0 Gy for growing of M1 populations. M1 plants were harvested from survived plants to grow first segregating M2 population in the next rabi season. 

Onion
The nine genotypes of Onion viz. Taherpuri, Faridpuri, Onion-2, Onion-3, Onion-4, Onion-9, Onion-10, Spring and Indian Piaz were irradiated at 50, 75 and 100 Gy for growing M1 plants at BINA HQ farm, Mymensingh. The M1 plants were harvested from the survived plants and kept separately dose and variety wise to screen in the M2 generation in the next rabi season.

Carrot (Seed to seed method)
The experiments with two varieties (Brasilia agroflora and Prima agroflora) were irradiated at 50 Gy, 75 Gy and 100Gy for growing M1 populations at GPC (Germplasm Centre), Mymensingh. The M1 plants were harvested to grow first segregating M2 generation in the next season.

Carrot (Root Cut Method)
The experiment was conducted with three treatments of gamma radiation viz. 50 Gy, 75 Gy and 100Gy) and two varieties (Brasilia agroflora and Prima agroflora) at GPC, Mymensingh. Roots were uprooted after 75 days of seed sowing. The selected roots were cut 50% and cut portions were dip in treated Dithane M-45 solutions with keeping 24 hours before planting in the main bed. M1 plants were harvested from the survived plants and kept separately dose and variety wise to screen in the M2 generation in the next season.
Strawberry
Among the three accessions, accession 2 (collected from New York, USA) produced the highest fruit yield potential in respect of RABI-1 strawberry variety in both  pot and field  condition. This line produced higher fruit yield (19.07 t/ha and 24.37 t/ha) in both pot and field condition, respectively. This line was selected for trial at producing promising line.
Malta 
Three inches length of cutting of five Malta accessions viz. Thai Malta, Malaysian Malta, Nagpuri Malta, Washington naval Malta and Bangladeshi local Malta were irradiated by 20, 40, 60, 80,100, 150 and 200 Gys for growing M1 generation at BINA HQ farm Mymensingh. The fruits of M1 plant will be harvested to grow first generating M2 generation in the next season.  







Advanced yield trial with four exotic tomato genotypes 
The experiment was conducted at far mer’s field of Magura, Comilla & Mymensingh and experimental field of BINA sub-station farms at Magura, Comilla & Khagrachari. The experiment was laid out in RCBD (Randomized Complete Block Design) with three replications. Unit plot size was 5m × 4m and spacing was 75cm × 60cm. Recommended production packages such as fertilization, irrigation, weeding, pesticide applications were followed to ensure normal plant growth and development. Data on various characters such as plant height, number of fruits/plant and average fruit weight were taken from five randomly selected plants. Fruit yield of each plot was recorded at the time of final harvest. 
On station Trial
Magura:
Significant variations were observed for all the characters studied (Table 1). The tallest plant was found in Philli-1(93.80 cm) followed by HM-2671 (90.20 cm). The highest number of fruits/plant was recorded in Philli-1 (41). Fruit yield was found highest in HM-2671 (69 t ha-1) which was statiscally similar to Philli-1 (69 t ha-1) compared to check variety Binatomato-6 (45 t ha-1). 
Comilla:
Significant variations were observed in all the characters of tomato grown in the substation field of Comilla (Table 1). On station experiment, the longest plant was found in HM-2853 (186 cm) followed by HM-2671 (140 cm) and Philli-1 (133 cm). The highest number of fruits was recorded in HM-2671 (57) with statistically similar to Binatomato-6 (56). Fruit yield was found higher in HM-2853 (109 t ha-1) which was statiscally similar to HM-2722 (108 t ha-1) and significantly higher compared to check variety Binatomato-6 (82 t ha-1). 
Khagrachari:
Significant variations were observed in all the characters of tomato grown in the field of Khagrachari sub-station (Table 1). On station experiment, the tallest plant was found in HM-2853 (61 cm) followed by Binatomato-6 (60 cm) and HM-2722 (58 cm). The highest number of fruits was recorded in HM-2853 (90) which was statistically higher than Binatomato-6 (59). Fruit yield was found highest in HM-2671(64 t ha-1) which was significantly higher compared to check variety Binatomato-6 (57 t ha-1). Finally it could be concluded that, HM-2671 produced the highest yield compared to all other genotypes including Binatomato-6 at Khagrachari on station trial.

Table 1. Performance of tomato genotypes grown under field condition at different locations during rabi season 2015-16
	Genotypes
	Plant height (cm)
	No. of fruit/plant
	Fruit weight
(kg plant-1)
	Fruit yield
(t ha-1)

	On station Trial:
Magura  

	HM-2853
	72 c
	23 c
	1.57c
	33 c

	HM-2722
	80 b
	27 b
	2.24b
	47 b

	HM-2671
	90 a
	26 b
	3.26a
	69 a

	Binatomato-6
	89 a
	22 c
	2.13b
	45 b

	Philli-1
	94 a
	41 a
	3.25a
	68 a

	Comilla

	HM-2853
	186 a
	53 b
	5.20a
	109 a

	HM-2722
	112 c
	45 c
	5.18a
	108 a

	HM-2671
	140 b
	57 a
	4.61a
	  97 a

	Binatomato-6
	106 c
	55 a
	3.87b
	  82 c

	Philli-1
	133 b
	49 c
	 4.01ab
	   71 b

	Khagrachari

	HM-2853
	61 a
	90 a
	2.72b
	57 b

	HM-2722
	58 a
	68 b
	2.60b
	55 c

	HM-2671
	50 b
	72 b
	3.02a
	64 a

	Binatomato-6
	60 a
	59 c
	2.73b
	57 b

	Philli-1
	49 b
	72 b
	2.131c
	             60 b

	Farmer’s field trial:
Magura 

	HM-2853
	118 a
	38 c
	4.10b
	86 b

	HM-2722
	112 b
	40 b
	3.74c
	79 c

	HM-2671
	119 a
	50 a
	5.01a
	105 a

	Binatomato-6
	114 b
	33 c
	3.96bc
	83 bc

	Philli-1
	110 b
	37 b
	        4.16b
	88 b

	Comilla

	HM-2853
	133 b
	26 b
	3.50b
	72 b

	HM-2722
	150 a
	29 a
	3.36b
	71 b

	HM-2671
	138 b
	31 a
	4.31a
	91 a

	Binatomato-6
	114 d
	27 b
	3.04c
	64 c

	Philli-1
	125 c
	25 b
	3.95a
	83 a

	Mymensingh

	HM-2853
	77 c
	40 b
	3.58c
	75 d

	HM-2722
	89 ab
	39 c
	3.76c
	79 c

	HM-2671
	93 a
	53 a
	4.57a
	96 a

	Binatomato-6
	86 b
	36 c
	3.83c
	81 c

	Philli-1
	95 a
	37 c
	4.21b
	88 b



The common letter in a column did not differ at 5% level of probability as per DMRT

Farmer’s field trial
Magura
At farmer’s field, the tallest plant was found in HM-2671(119 cm) followed by HM-2853 (118 cm). The highest number of fruits was recorded in HM-2671 (50) which was significantly higher compared to check variety Binatomato-6 (33). Fruit yield was found highest in HM 2671 (105 t ha-1) which was also significantly higher compared to check variety Binatomato-6 (83 t ha-1). Finally it could be concluded that, the HM-2671 and philli-1 genotypes produced the highest yield compared to all other genotypes including Binatomato-6 at Magura locations.

Comilla
At farmer’s field, the tallest plant was found in HM-2722 (150 cm) followed by HM-2671 (138 cm) and HM-2853 (133 cm). The highest number of fruits was recorded in HM-2671 (31) with statistically similar result of HM-2722 (29). Fruit yield was found highest in HM-2671 (91 t ha-1) which was also significantly higher compared to check variety Binatomato-6 (164 t ha-1). Finally it could be concluded that, HM-2671 produced the highest yield compared to all other genotypes including Binatomato-6 at Comilla locations.

Mymensingh
Significant variations were observed in all the characters of tomato grown in the farmer’s field of Mymensingh (Table 1). The tallest plant was found in Philli-1 (95 cm) followed by HM-2671 (93 cm). The highest number of fruits was recorded in HM-2671 (53). Fruit yield was found highest in HM-2671 (96 t ha-1) which was significantly higher compared to check variety Binatomato-6 (81 t ha-1). Finally it could be concluded that, HM-2671 produced the highest yield compared to all other genotypes including Binatomato-6 at farmer’s field of Mymensingh.

Screening of M3 population of Indian genotype of brinjal 
The experiment was conducted to see the performance of M3 generation of brinjal compared to parent (Indian brinjal). Seedlings of the genotypes were transplanted during 2nd week of November 2015. The experiment was carried out in plant progeny-row following spacing 70cm × 60cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters such as plant height, leaf length, fruit length and fruit diameter, number of fruit/plant, fruit yield and average fruit weight were taken from each plant. Results showed that the mutants differed with fruit yield and yield attributes (Table 2). The mutant lines IndM3D75P30 (3.76 kg plant-1), IndM3D75P36 (4 kg plant-1), IndM3D75P42 (3.53 kg plant-1), IndM3D75P43 (3.28 kg plant-1), IndM3D75P44 (4 kg plant-1), IndM3D75P45 (3.54 kg plant-1), IndM3D75P46 (3.53 kg plant-1) produced higher fruit yield compared to parent (Indian brinjal). Among the seven selected mutants the mutants IndM3D75P44 (4 kg plant-1) and IndM3D75P36 (4 kg plant-1) produced the highest fruit yield where the mutant IndM3D75P9 (1.81 kg plant-1) produced lowest yield. It could be concluded that the mutants IndM3D75P36 & IndM3D75P44 produced 9 tha-1 where the parent produce 47 tha-1.
Table 2. Yield attributes of M3 population of brinjal at Sutiakhali nearby BINA HQ, Mymensingh during Rabi, 2015-16
	Mutant/Variety
	Plant height (cm)
	Branch         plant-1 (no.)
	Fruit       plant-1(no.)
	Fruit
wt. plant-1(g)
	Total fruit wt. plant-1(kg)
	Yield. (tha-1)

	IndM3D75P9
	73
	5
	5
	362
	1.81
	43

	IndM3D75P13
	74
	9
	6
	355
	2.13
	51

	IndM3D75P14
	65
	8
	5
	390
	1.95
	46

	IndM3D75P26
	91
	8
	7
	372
	2.61
	62

	IndM3D75P29
	97
	7
	6
	327
	1.96
	47

	IndM3D75P30
	95
	6
	10
	375
	3.76
	90*

	IndM3D75P34
	65
	7
	7
	378
	2.65
	63

	IndM3D75P36
	98
	12
	14
	286
	4.00
	95*

	IndM3D75P38
	96
	9
	16
	187
	3.00
	71

	IndM3D75P42
	90
	9
	23
	153
	3.53
	84*

	IndM3D75P43
	100
	6
	18
	182
	3.28
	78*

	IndM3D75P44
	105
	7
	21
	187
	4.00
	95*

	IndM3D75P45
	110
	12
	24
	148
	3.54
	84*

	IndM3D75P46
	88
	7
	20
	176
	3.53
	84*

	IndM3D75P49
	92
	7
	8
	374
	3.00
	71

	     Parent
	88
	6.93
	10
	183
	1.98
	47

		    Mean



	89.27
	7.93
	12.67
	2.98
	283.4
	56

		    SD (±)



	13.87
	2.02
	7.07
	0.76
	97.69
	11.26

	   Max
	110
	12
	24
	390
	4.00
	95.23

	   Min
	65
	5
	5
	147.7
	1.81
	43.10



Performance of M5 mutants of Chili 
The experiment was conducted to observe the performance of the (M5) mutants of chilli compared to parent (China chili) at BINA HQ farm, Mymensigh. Selection and harvest of M4 population with desirable characters were done during rabi season, 2014-15. Seedlings of the mutant plants were transplanted during 2nd week of November, 2015 following plot size 3m × 3m and spacing 50cm × 40cm. Recommended production packages were followed to ensure normal plant growth and development. The experiment was laid out in RCBD with three replications. Data on various characters such as plant height, number of branches/plant, number of fruits/plant, fruit yield/plant and average fruit weight were taken from each mutant. The result showed that the mutants CM5D75P1 (33 tha-1), CM5D150P81 (27 tha-1), CM5D150P39 (32 tha-1), CM5D150P51 (32 tha-1), CM5D150P49 (32 tha-1), CM5D75P8 (31 tha-1) produce high yield potential in respect of yield, height, no. of branch/plant etc, where as the parent (China chili) produced the lowest yield (17 tha-1) (Table 3). Zonal and farmer’s yield trials with desirable mutants will be conducted in the next season. 
Table 3. Yield attributes of M5 mutants of Chili during Rabi, 2015-16

	Mutant/
Variety
	Plant
height (cm)
	Fruits
plant-1(no.)
	Branch        plant-1(no.)
	Fruit wt.
plant-1(g)
	Yield
plant-1(g)
	Yield
(th-1)

	CM5D75P1
	67
	50
	3
	13
	650
	33*

	CM5D75P3
	35
	20
	5
	20
	400
	20

	CM5D75P5
	35
	27
	4
	18
	486
	24

	CM5D75P8
	50
	41
	3
	15
	615
	31*

	CM5D75P10
	25
	28
	3
	15
	420
	21

	CM5D75P15
	40
	23
	4
	18
	414
	21

	CM5D150P33
	45
	30
	4
	16
	480
	24

	CM5D150P35
	53
	27
	3
	15
	405
	20

	CM5D150P37
	60
	20
	4
	20
	400
	20

	CM5D150P39
	60
	64
	3
	10
	640
	32*

	CM5D150P42
	50
	21
	2
	21
	441
	22

	CM5D150P49
	56
	80
	4
	8
	640
	32*

	CM5D150P51
	64
	45
	3
	14
	644
	32*

	CM5D150P52
	55
	32
	3
	15
	480
	24

	CM5D150P57
	30
	27
	2
	15
	405
	20

	CM5D150P64
	50
	35
	3
	12
	420
	21

	CM5D150P73
	44
	27
	4
	15
	405
	20

	CM5D150P77
	51
	40
	3
	13
	520
	26

	CM5D150P81
	41
	45
	3
	12
	540
	27*

	CM5D300P93
	53
	28
	3
	15
	420
	21

	Parent
	44
	21
	4
	13
	320
	17

	SD(±)
	11.2
	15.4
	0.750
	3.29
	95.7
	4.80

	Max
	67
	80
	5
	21
	650
	32.5

	Min
	25
	20
	2
	8
	400
	20.1



Another experiment was conducted to observe the yield performance of the M5 mutant population of chilli along with control variety (BARI Morich-1) at Boyra, Seshmore, Mymensingh. Among these fifteen mutant genotypes, the tallest plant was found in HM5C150P24 (75 cm) mutant line whereas the shortest plant was found in PM5C75P45 (45 cm) mutant. Some mutants such as PM5C75P36 (34tha-1), HM5C150P24 (26 tha-1), PM5C75P45 (24 tha-1), PM5C150P64 (24 tha-1) and BM5C150P84 (24 tha-1) produced the higher yield than other mutants with parent and the control variety (BARI Morich-1) produced lowest yield (16 tha-1) (Table 4). Fruits of mutant lines were tasted where some were highly pungent and some were low pungent. 

Table 4. Yield attributes of M5 mutants of Chili during Rabi, 2015-16
	Mutant/Variety
	Plant height (cm)
	Fruits
plant-1(no.)
	Branch    plant-1(no.)
	Fresh fruit wt.
plant-1(g)
	Fresh Yield
(tha-1)

	HM5C150P39
	60
	55
	9
	442
	22

	HM5C150P19
	72
	66
	9
	438
	22

	HM5C150P24
	75
	53
	6
	520
	26*

	PM5C75P36
	60
	59
	11
	469
	34*

	PM5C75P45
	45
	70
	8
	482
	24*

	PM5C75P48
	59
	61
	11
	450
	22

	HM5C75P51
	58
	65
	11
	425
	21

	HM5C75P53
	60
	61
	8
	414
	21

	HM5C75P60
	51
	66
	13
	449
	22

	PM5C150P62
	74
	55
	8
	447
	22

	PM5C150P64
	67
	63
	9
	481
	24*

	PM5C150P69
	58
	52
	9
	428
	21

	BM5C150P72
	70
	74
	11
	464
	23*

	BM5C150P84
	72
	62
	8
	473
	24*

	BM5C150P87
	62
	80
	7
	458
	23

	      Parent
	44
	21
	4
	320
	17
	

	Control (BARI Morich-1)
	68
	63
	9
	332
	
16

	SD(±)
	8.48
	7.55
	1.80
	40.4
	3.64

	Max
	75
	80
	13
	520
	34

	Min
	45
	52
	6
	428
	21



Screening of M2 mutants of bottle gourd 
The experiment was conducted in the char land at Boyra, Mymensingh to evaluate the performance of M2 populations from BARI Lau-4. The experiment was laid out in plant progeny-row following recommended spacing, production packages to ensure normal plant growth and development. Data on various characters such as fruit length, fruit diameter, number of fruits/plant, average fruit weight and fruit yield/plant were taken from each plant. Results showed (Table 5) that the number of fruit ranged from 6 to 14 no. Two mutant genotypes BL-4M2D300P19R1 and BL-4M2D300P20R3 produced the highest number of fruits/plant (14 no.), compared to parent BL-4R3 (9 no.). Some mutants were different in color, shape and size where as China (Control) produced the lowest number of fruits/plant (06 no.) (Table 5). Finally seven mutant lines were selected for growing M3 generation.


Table 5. Yield attributes of mutants M2 of Bottle gourd genotypes with control in Char land, during Rabi, 2015-16.
	Mutant/Variety
	fruit
plant-1(no.)
	Length of fruit
(cm)
	Diameter of fruit (cm)
	Color

	Parent BL-4R3
	9
	35
	33
	LG

	China (Control) R1
	6
	41
	50
	LG

	   BL-4M2D75P2R1
	11*
	55
	62
	LG

	   BL-4M2D75P2R3
	11*
	55
	60
	LG

	   BL-4M2D75P3R3
	10
	45
	55
	LG

	   BL-4M2D75P6R3
	9
	47
	55
	DG

	BL-4M2D150P10R2
	9
	50
	52
	G

	BL-4M2D150P12R3
	10
	35
	32
	G

	BL-4M2D150P14R2
	10
	52
	55
	G

	BL-4M2D150P14R3
	11*
	50
	52
	G

	BL-4M2D150P15R1
	7
	45
	42
	G

	BL-4M2D300P16R1
	11*
	60
	55
	G

	BL-4M2D300P16R2
	10
	63
	58
	G

	BL-4M2D300P17R1
	10
	46
	44
	G

	BL-4M2D300P17R2
	9
	60
	55
	G

	BL-4M2D300P18R2
	11*
	58
	55
	G

	BL-4M2D300P19R1
	14*
	60
	56
	G

	BL-4M2D300P20R3
	14*
	45
	50
	G

	SD(±)
	2.15
	8.46
	8.37
	

	Max
	14
	63
	62
	

	Min
	6
	35
	32
	




Growing of M1 population of five genotypes of Garlic 
The experiment was conducted with five genotypes of Garlic viz. BAURasun-1, BAURasun-2, BAURasun-3, BAURasun-4 and AC-5 at BINA HQ farm, Mymensigh. These genotypes were irradiated with 0.75, 1.0 and 2.0 Gy.  Irradiated seeds (cloves) were planted during 2nd week of November, 2015. The experiment was laid out in row planting method using spacing 30 cm × 15 cm. Recommended production packages were followed to ensure normal plant growth and development. M1 plants were harvested from the survived plants to grow first segregating M2 population in the next rabi season. 
On-farm trial with promising garlic genotype (AC-5) 
Based on better bulb yield and other yield attributes, one selected garlic genotype AC-5 (proposed Binaroshun-1) along with two check varieties, BARI Roshun -1 and BARI Roshun -2 were laid out for on-farm trials at different agro-ecological zones of Bangladesh in rabi season of 2015-16. The trial was conducted at farmer’s field of Sadar upazila of Mymensingh, Natore and Magura.  Experiments were laid out in RCBD with three replications. Unit plot size was 12m2 (4.0m × 3.0m) with spacing 20 cm × 10 cm. Recommended management packages were followed to ensure proper growth and development. Data on various characters such as plant height, fresh weight of bulb per plant (g), average bulb weight, number of clove/bulb, yield/plot (kg) and yield (tha-1) were recorded from 10 randomly selected plants from each plot. Days to maturity were taken when 80% leaves of plant were dried, matured and turned into straw color. Bulb yield of each plot was recorded after harvest. Proper curing was done and plot yield was converted into th-1. Appropriate statistical analysis was performed and the mean values of each character were compared following DMRT.

Mymenisngh
Results showed significant differences in respect of yield attributes. Significant difference was recorded in plant height among the garlic genotypes. The tallest plant height (78.87 cm) was found in the advance line AC-5 (proposed Binaroshun-1) genotype which was followed by BARI Roshun-2 (73.56 cm). The shortest plant height was recorded in BARI Roshun-1 (71.45 cm) among the tested genotypes.  The highest fresh weight of bulb per plant (31.92 g) and number of cloves per bulb (34) were observed in AC-5 (proposed Binaroshun-1). The lowest fresh weight of bulb per plant (13.56 g) and number of cloves per bulb (25) were observed in BARI Roshun-1. The highest bulb yield (15.12 tha-1) was resulted in AC-5 (proposed Binaroshun-1) followed by BARI Roshun-2 (10.74 tha-1). BARI Roshun-1 produced lowest bulb yield (7.85 tha-1) (Table 6).
Table 6. Yield and yield parameters of the Ac-5 genotype proposed variety Binaroshun-1 grown at Mymensingh during 2015-16 (winter season)
	Genotypes
	Plant height (cm)
	Fresh wt. of bulb/plant (g)
	No. of clove/bulb 
	Yield/ plot (kg/ 10sqm)
	Bulb yield ( tha-1)
	Yield increase over check varieties (%)

	BARI Roshun -1 (Check)
	71.45bc
	13.56c
	25 c
	7.85c
	7.85c
	0

	BARI Roshun -2 (Check)
	73.56b
	21.26b
	30 b
	10.74b
	10.74b
	0/36.82

	Binaroshun-1 (Proposed variety)
	78.87a
	31.92a
	34 a
	15.12a
	15.12a
	55.80/92.61


Natore
Significant differences were recorded in different parameters among the garlic genotypes. The tallest plant height (80.50 cm) was found in advance line AC-5 (proposed Binaroshun-1) genotype which was followed by BARI Roshun-2 (77.75 cm). The shortest plant was found in BARI Roshun-1 (74.50 cm) among the tested genotypes.  The highest fresh weight of bulb per plant (30.80 g) and number of cloves per bulb (35) were found in Binaroshun-1 (AC-5). The lowest fresh weight of bulb per plant (17.95 g) and number of cloves per bulb (30) were recorded in BARI Roshun-1 which was statistically similar to BARI Roshun-2. The highest bulb yield (16.25 tha-1) was also resulted in AC-5 genotype followed by BARI Roshun-2 (12.85 tha-1). BARI Roshun-1 produced lowest bulb yield (11.00 tha-1) (Table 7).



Table 7. Yield and yield parameters of the proposed variety Binaroshun-1 grown at Natore during 2015-16 (winter season)
	Genotypes
	Plant height (cm)
	Fresh wt. of bulb/plant (g)
	No. of clove/bulb 
	Yield/ plot (kg/ 10sqm)
	Bulb yield (t/ha)
	Yield increase over check varieties (%)

	BARI Roshun -1 (Check)
	74.50c
	17.95b
	30 b
	11.00c
	11.00c
	0

	BARI Roshun -2 (Check)
	77.75b
	19.30b
	29 b
	12.85b
	12.85b
	0/16.82

	Binaroshun-1 (Proposed variety)
	80.50a
	30.80a
	35 a
	16.25a
	16.25a
	30.91/47.73


Magura
Significant difference was observed in plant height among the garlic genotypes. The genotype AC-5 (Proposed Binaroshun-1) was tallest (76.10 cm) followed by BARI Roshun-2 (73.50 cm). The shortest plant was found in BARI Roshun-1 (70.00 cm) among the tested genotypes.  The highest fresh bulb weight (26.75 g) and number of cloves per bulb (32) were found in AC-5 (Proposed Binaroshun-1). The lowest fresh weight of bulb per plant (15.90 g) and number of cloves per bulb (27) were observed in BARI Roshun-1 which was statistically similar to BARI Roshun-2. The highest bulb yield (14.00 t/ha) was also found in AC-5 (Proposed Binaroshun-1) followed by BARI Roshun-2 (10.25 t/ha). BARI Roshun-1 produced lowest bulb yield (9.00 t/ha) (Table 8).
Table 8. Yield and yield parameters of the proposed variety Binaroshun-1 grown at Magura during 2015-16 (winter season)
	Genotypes
	Plant height (cm)
	Fresh wt. of bulb/plant (g)
	No. of clove/bulb 
	Yield/ plot (kg/ 10sqm)
	Bulb yield (t/ha)
	Yield increase over check varieties (%)

	BARI Roshun -1 (Check)
	70.00c
	15.90b
	    27 b
	9.00 c
	9.00 c
	0

	BARI Roshun -2 (Check)
	73.50b
	17.25b
	29 b
	10.25 b
	10.25 b
	0/13.90

	Binaroshun-1 (Proposed variety)
	76.10a
	26.75a
	32 a
	14.00 a
	14.00 a
	41.70/55.56




Growing of M1 population of four genotypes of onion
 The experiment was conducted to observe the performances of the mutant populations (M1) of nine onion accessions (Taherpuri, Faridpuri, Onion-2, Onion-3, Onion-4, Onion-9, Onion-10, Spring and Indian Piaz). Seeds of nine onion genotypes were irradiated by gamma ray at 50, 75 & 100 Gy and planted during 2nd week of November, 2015. The experiment was laid out in row planting method using spacing 30cm × 15cm. Recommended production packages were followed to ensure normal plant growth and development. M1 plants were harvested from the survived plants and kept separately dose and variety wise to screen in the M2 generation in the next rabi season.
Growing of M1 population of Carrot (Seed to seed method)
The experiment was conducted with three treatments of gamma radiation (50, 75 & 100 Gy) and two varieties (Brasilia agroflora and Prima agroflora). The experiment was laid out in RCBD with three replications. The size of a unit plot was 2.0 m × 1.0 m accommodating forty four plants per plot with a spacing of 25 cm × 20 cm. Plot to plot distance were provided 50 cm while the block to block distance was 1.0 m. All the parameters on plant growth, yield components and quality of carrot seed were significantly influenced by radiation and varieties. M1 populations were harvested from the survived plants to grow first segregating M2 generation in the next season.
Growing of M1 population of carrot (Root Cut Method)
The experiment was conducted with three treatments of gamma radiation viz. 50 Gy, 75 Gy and 100Gy) and two varieties (Brasilia Agroflora and Prima Agroflora) at BAU GPC, Mymensingh. The seedlings were planted in plant progeny rows with spacing of 25 cm × 20 cm.  Roots were uprooted after 75 days of seed sowing. The selected roots were cut 50% and the cut portions were dip in treated Dithane M-45 solutions with keeping 24 hours before planting in the main bed. Manure and fertilizers, weeding, mulching and irrigation were made frequently. Plant protection measures were taken as and when necessary. All the parameters on plant growth, yield components and quality of carrot seed were significantly influenced by radiation and varieties. M1 plants were harvested from the survived plants and kept separately dose and variety wise to screen in the M2 generation in the next season.
Screening of Strawberry germplasm for high yield potential (Pot condition)
A pot experiment was conducted during the rabi season of 2015-2016 to see the performance of strawberry germplasm in respect of yield. Seedlings were transplanted during 14th December, 2015. The experiment was laid out in Complete Randomized Design (CRD) with three replications. Pot size were 12″ x 10″ and  using spacing 40 cm × 50 cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters such as plant height (cm), length of longest leaf, no. of leaves per plant, no. of inflorescence per plant, no. of flower per inflorescence, no. of fruit per inflorescence, no. of fruit per plant, fruit length (cm), fruit diameter (cm), fresh weight of individual fruit (g), TSS (%), no. of seed/fruit, yield/plant (g) and total yield (t/ha). Results showed that the accession 2 collected from New York, USA produced the highest fruit yield (19.07 t/h) potential compared to RABI-1 (13.38 t/ha) in pot condition (Table 9).
Table 9. Screening of Straw berry germplasm for high yield potential (Pot condition)
	Germplasm
	Plant height
(cm)
	No of fruit
/inflorescence
	No. of fruit
/plant
	Length of   fruit
(cm)
	Fresh wt/fruit
(g)
	TSS
(%)
	No. of seed/
fruit
	Yield
(t/ha)

	Accession-1
(RABI-1)
	22.2c
	5.88b
	14c
	3.3a
	15.33c
	15.35b
	280b
	13.38c

	Accession-2
(New York,  USA)
	28.9a
	7.22a
	16.55a
	3.5a
	19.21a
	18.08 a
	220c
	19.07a

	Accession-3
(	Kagawa, Japan)
	24.4b
	6.12b
	15.33b
	3.4a
	17.32b
	16.92ab
	317a
	15.96b


   The common letter did not differ at 5% level of significance as per DMRT

Screening of Strawberry germplasm for high yield potential (Field condition)
Field experiment was conducted during the rabi season of 2015-2016 to see the performance of strawberry germplasm in respect of yield. Seedlings of collected germplasm were transplanted during 15th December, 2015. The experiment was laid out in RCBD with three replications. Plot sizes were 5 m × 1m and using spacing 40cm × 50cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters such as plant height (cm), length of longest leaf, no. of leaves per plant, no. of inflorescence per plant, no. of flower per inflorescence, no. of fruit per inflorescence, no. of fruit per plant, fruit length (cm), fruit diameter (cm), fresh weight of fruit (g), TSS (%), no. of seed/fruit, yield/plant (g) and total yield (t/ha). Results showed that the accession 2 collected from New York, USA produced the higher fruit yield (24.37 t/ha) potential compared to RABI-1 (16.51t/ha) in field condition (Table 10).

Table 10. Screening of Straw berry germplasm for high yield potential (Field condition)
	Germplasm
	Plant height
(cm)
	No of fruit
/inflorescence
	No. of fruit /
plant
	Length of   fruit
(cm)
	Fresh wt/fruit
(g)
	TSS
(%)
	No. of seed/
fruit
	Yield
(t/ha)

	Accession-1
(RABI-1)
	24.16c
	6.11b
	15.33b
	3.5a
	21.33c
	16.57b
	285b
	16.51c

	Accession-2
(New York, USA)
	30.33a
	7.68a
	19.16a
	3.8a
	25.19a
	18.98a
	218c
	24.37a

	Accession-3
(	Kagawa, Jp)
	26.99b
	7.12a
	16.65b
	3.6a
	23.16b
	17.01a
	317a
	19.47b


 The common letter did not differ at 5% level of significance as per DMRT


Growing of M1 population of Malta

The experiment was conducted at the BAU-GPC, Mymensingh to grow M1 populations. Scions of five malta accessions (Scion) and root stock were collected from BAU-GPC on 22th December, 2015. The experiment was carried out in progeny-row with 2m × 2m plant to plant distance. Citrus seedlings were used as root stock. Nine scions of each accession were irradiated by 20, 40, 60, 80, 100,150 and 200 Gys. Grafting was done at 35 cm upper on the rootstock as well as scion length was 6 cm. The highest grafting success (100%) and survivability (66.66%) were recorded from Nagpuri Malta, Washington naval and Bangladeshi local Malta in non irradiated plants. The 20 Gy irradiated plants of Nagpuri Malta also showed the highest success (100%) and survivability (66.66%) after 150 days of grafting.  Bangladeshi local Malta showed the highest success (100%) at 20Gy, 40Gy as well as 60Gy irradiated plants after 150 days of grafting (Table 11, 12, 13, 14 & 15). M1 plants were growing up from the survival plants to grow first segregating M2 generation in the next.


Table 11. M1 population of Thai Malta
	Mutants
	Success
(%)
	Survivability
( % )
	Days required to bud break
	Days required to 1st  leaf opening
	Plant height
(cm)
	No. of Leaves/plant

	TMD0P1
	
	
	
	
	55
	7

	TMD0P2
	
	
	
	
	57
	6

	TMD0P3
	
	
	
	
	62
	6

	TMD0P5
	88.88
	66.66
	15.69
	18.99
	55
	7

	TMD0P8
	
	
	
	
	53
	6

	TMD0P9
	
	
	
	
	55
	7

	TMD20P1
	
	
	
	
	63
	13

	TMD20P2
	
	
	
	
	62
	11

	TMD20P3
	
	
	
	
	43
	12

	TMD20P5
	88.88
	55.55
	13.96
	17.24
	42
	10

	TMD20P7
	
	
	
	
	50
	11

	TMD40P1
	
	
	
	
	42
	6

	TMD40P2
	
	
	
	
	50
	5

	TMD40P5
	77.77
	44.44
	21.64
	26.11
	50
	5

	TMD40P7
	
	
	
	
	49
	6

	TMD60P3
	
	
	
	
	43
	5

	TMD60P4
	
	
	
	
	42
	6

	TMD60P7
	66.66
	44.44
	25.69
	29.66
	51
	6

	TMD60P9
	
	
	
	
	50
	5

	TMD80P2
	
	
	
	
	51
	5

	TMD80P3
	
	
	
	
	57
	4

	TMD80P5
	55.55
	33.33
	29.62
	33.86
	54
	5

	TMD80P7
	
	
	
	
	55
	5

	TMD100P1
	
	
	
	
	61
	5

	TMD100P2
	
	
	
	
	55
	4

	TMD100P4
	
	
	
	
	54
	4

	TMD100P5
	44.44
	33.33
	35.16
	38.66
	59
	5

	TMD150P3
	
	
	
	
	51
	3

	TMD150P5
	33.33
	33.33
	47.99
	55.66
	50
	4

	TMD150P7
	
	
	
	
	52
	4

	TMD150P9
	
	
	
	
	53
	3

	TMD200P5
	0
	0
	0
	0
	0
	0




Table 12. M1 population of Malaysian Malta
	Mutants
	Success
(%)
	Survivability
( % )
	Days required to bud break
	Days required to 1st  leaf opening
	Plant height
(cm)
	No. of Leaves/plant

	MMD0P1
	
	
	
	
	49
	18

	MMD0P2
	
	
	
	
	57
	15

	MMD0P4
	
	
	
	
	51
	23

	MMD0P5
	77.77
	66.66
	15.32
	20.33
	58
	17

	MMD0P6
	
	
	
	
	60
	19

	MMD0P7
	
	
	
	
	19
	18

	MMD20P1
	
	
	
	
	48
	15

	MMD20P2
	
	
	
	
	47
	18

	MMD20P3
	
	
	
	
	45
	13

	MMD20P5
	77.77
	55.55
	20.33
	23.77
	61
	14

	MMD20P7
	
	
	
	
	49
	16

	MMD20P8
	
	
	
	
	57
	14

	MMD40P1
	
	
	
	
	40
	12

	MMD40P2
	
	
	
	
	39
	10

	MMD40P4
	
	
	
	
	45
	11

	MMD40P5
	66.66
	55.55
	24.88
	30.33
	42
	9

	MMD40P8
	
	
	
	
	41
	8

	MMD60P1
	
	
	
	
	42
	9

	MMD60P3
	
	
	
	
	46
	7

	MMD60P5
	44.44
	33.33
	13.11
	28.23
	44
	8

	MMD80P1
	
	
	
	
	42
	5

	MMD80P5
	22.22
	22.22
	27.11
	33.96
	45
	7

	MMD100P5
	0
	0
	0
	0
	0
	0










Table 13. M1 population of Nagpuri Malta
	Mutants
	Success
(%)
	Survivability
( % )
	Days required to bud break
	Days required to 1st  leaf opening
	Plant height
(cm)
	No. of Leaves/plant

	NMD0P1
	
	
	
	
	43
	8

	NMD0P3
	
	
	
	
	45
	7

	NMD0P5
	100
	66.66
	19.27
	23.66
	41
	6

	NMD0P7
	
	
	
	
	42
	7

	NMD0P9
	
	
	
	
	44
	8

	NMD20P1
	
	
	
	
	43
	7

	NMD20P4
	
	
	
	
	42
	6

	NMD20P5
	100
	66.66
	18.77
	23.11
	44
	5

	NMD20P6
	
	
	
	
	43
	7

	NMD20P9
	
	
	
	
	43
	6

	NMD40P1
	
	
	
	
	42
	8

	NMD40P3
	
	
	
	
	44
	7

	NMD40P5
	66.66
	44.44
	25.66
	29.55
	47
	7

	NMD40P8
	
	
	
	
	45
	7

	NMD60P5
	22.22
	11.11
	29.12
	33.47
	40
	5

	NMD80P3
	0
	0
	0
	0
	0
	0

	NMD100P5
	0
	0
	0
	0
	0
	0

	NMD150P5
	0
	0
	0
	0
	0
	0

	NMD200P5
	0
	0
	0
	0
	0
	0











Table 14. M1 population of Washington naval Malta
	Mutants
	Success
(%)
	Survivability
( % )
	Days required to bud break
	Days required to 1st  leaf opening
	Plant height
(cm)
	No. of Leaves/plant

	WMD0P1
	
	
	
	
	45
	12

	WMD0P3
	
	
	
	
	50
	11

	WMD0P4
	
	
	
	
	45
	9

	WMD0P5
	100
	66.66
	13.26
	18.55
	40
	8

	WMD0P6
	
	
	
	
	55
	12

	WMD0P8
	
	
	
	
	35
	10

	WMD20P1
	
	
	
	
	40
	9

	WMD20P3
	
	
	
	
	44
	8

	WMD20P5
	66.66
	44.44
	11.87
	18.11
	46
	7

	WMD20P7
	
	
	
	
	40
	9

	WMD20P9
	
	
	
	
	40
	8

	WMD40P1
	
	
	
	
	42
	7

	WMD40P3
	
	
	
	
	41
	8

	WMD40P5
	66.66
	44.44
	20.22
	24.33
	40
	7

	WMD40P8
	
	
	
	
	42
	6

	WMD60P1
	
	
	
	
	42
	6

	WMD60P2
	
	
	
	
	41
	8

	WMD60P5
	66.66
	33.33
	24.11
	28.33
	40
	9

	WMD80P1
	
	
	
	
	40
	8

	WMD80P4
	
	
	
	
	36
	9

	WMD80P5
	66.66
	33.33
	26.66
	29.76
	44
	7

	WMD80P9
	
	
	
	
	44
	6

	WMD100P3
	
	
	
	
	36
	7

	WMD100P4
	
	
	
	
	35
	4

	WMD100P5
	66.66
	33.33
	34.11
	37.55
	40
	5

	WMD100P9
	
	
	
	
	43
	6

	WMD150P4
	
	
	
	
	41.2
	7

	WMD150P5
	33.33
	33.33
	39.23
	40.23
	40
	5

	WMD150P9
	
	
	
	
	40
	6

	WMD200P5
	11.11
	11.11
	40.11
	42.67
	40
	2




Table 15. M1 population of Bangladeshi local Malta
	Mutants
	Success
(%)
	Survivability
( % )
	Days required to bud break
	Days required to 1st  leaf opening
	Plant height
(cm)
	No. of Leaves/plant

	BMD0P1
	
	
	
	
	60
	14

	BMD0P3
	
	
	
	
	65
	18

	BMD0P5
	100
	66.66
	10.23
	12.99
	40
	10

	BMD0P6
	
	
	
	
	50
	20

	BMD0P8
	
	
	
	
	55
	16

	BMD0P9
	
	
	
	
	49
	18

	BMD20P1
	
	
	
	
	50
	14

	BMD20P2
	
	
	
	
	45
	12

	BMD20P4
	
	
	
	
	55
	16

	BMD20P5
	100
	55.55
	9.23
	14.67
	52
	14

	BMD20P8
	
	
	
	
	48
	14

	BMD40P1
	
	
	
	
	47
	12

	BMD40P3
	
	
	
	
	50
	14

	BMD40P5
	100
	55.55
	16.23
	20.66
	44
	10

	BMD40P7
	
	
	
	
	45
	12

	BMD40P9
	
	
	
	
	47
	12

	BMD60P1
	
	
	
	
	45
	9

	BMD60P2
	
	
	
	
	47
	11

	BMD60P4
	
	
	
	
	43
	7

	BMD60P5
	100
	55.55
	22.12
	25.77
	44
	9

	BMD60P8
	
	
	
	
	42
	9

	BMD80P1
	
	
	
	
	42
	7

	BMD80P3
	
	
	
	
	42
	9

	BMD80P5
	66.66
	33.33
	23.66
	28.69
	43
	5

	BMD100P1
	
	
	
	
	45
	5

	BMD100P5
	44.44
	22.22
	33.11
	34.33
	42
	4

	BMD150P5
	0
	0
	0
	0
	
	0

	BMD200P5
	0
	0
	0
	0
	
	0






AGRICULTURAL ECONOMICS DIVISION

Research Highlights 

Benefit cost ratio of Binamoog-8 was estimated at 1.87 and 2.95 on full cost and cash cost basis. The co-efficient of human labour was found positive and significant at 1% level, while that of land preparation, seed, fertilizer and organic manure were found positive but significant at 10 percent level. The elasticity of output with respect to human labor, land preparation, seed, fertilizer and organic manure were estimated to be positive values of 0.080, 0.207, 0.008, 0.287 and 0.224 respectively. It showed that these variables had a significant and positive impact on Binamoog-8 production. 

The average Benefit cost ratio of Binadhan-11 was 1.58 indicates that cultivation of these variety is profitable to the farmer’s level when all sorts of cost were taken into consideration. The highest BCR was found in Mymensingh district (1.71) which was followed by Sherpur (1.68), Kurigram (1.51) and Jamalpur (1.41) districts, respectively.

The undiscounted benefit cost ratio over full cost basis of Binasoybean-2 were 2.29, 2.02, 2.01, 1.98 and 1.65 for Biansoybean-2  in field level for Chandpur, Noakhali, Laxmipur,  Barishal and Comilla, respectively. The highest Benefit Cost Ratio (BCR) is 2.29 in Chandpur district and the lowest BCR is 1.65 in Comilla district. The highest yield gap between research station and field level was in Comilla (397.50 kg ha-1) and lowest in Chandpur (83.50 kg ha-1). The yield gap between research station and farm level in percentage were 18.30, 8.49, 11.48, 40.43 and 21.30 for Biansoybean-2  in Noakhali, Chandpur, Laxmipur, Comilla and Barishal, respectively.










Profitability and technical efficiency of Binamoog-8 cultivation in some selected areas of Bangladesh

The study was conducted in four major Binamoog-8 growing areas of Bangladesh, namely Pabna, Magura, Natore, Jessore and Rajshahi district. The objectives were i) to estimate the profitability of Binamoog-8; ii) to determine the technical efficiency of Binamoog-8; and iii) to identify the major constraints to Binamoog-8 production. Multistage sampling technique was followed for this study. A total of 200 farmers were randomly selected as sample size in the study area, 50 from each District. Data were collected from Binamoog-8 growers through interview schedule. Collected data were edited, summarized, tabulated and analyzed to fulfill the objectives. Some descriptive statistics were used for analyzing the collected data. In the study, costs and return analysis were done on both cash cost and full cost basis. The stochastic Cobb-Douglas production frontier model was used for estimating technical efficiency of Binamoog-8 producer in the study areas. 

Results and Discussion
Cost of Binamoog-8 cultivation
From Table 1, the average costs of Binamoog-8 cultivation were Tk. 46826 and Tk. 29723 per hectare on full cost and cash cost basis, respectively. The highest cost was incurred for human labour (47%) followed by fertilizers (11%), power tiller (10%) and irrigation cost (7%). The cost of Binamoog-8 cultivation was found highest in Rajshahi (Tk. 49336 ha-1) followed by that in Jessore (Tk. 48481 ha-1), Pabna (Tk. 46656 ha-1), Magura (Tk. 45871 ha-1) and Natore (Tk. 43787 ha-1) respectively.

The average yield of Binamoog-8 was found to be 1634 kg ha-1 (Table 2). The yield was highest at Pabna (1705 kg ha-1) followed by Magura (1694 kg ha-1), Rajshahi (1610 kg ha-1), Natore (1596 kg ha-1) and Jessore (1568 kg ha-1). The average gross margin was found Tk. 46826 on variable cost basis. Gross margin was highest in Magura (Tk. 49503 ha-1) followed by Pabna (Tk. 46485 ha-1), Jessore (Tk. 44808 ha-1), Natore (Tk. 44676 ha-1) and Rajshahi (38076 ha-1) respectively. The average net return was Tk. 40659 ha-1. The net return was highest in Magura (Tk. 46345/ha) followed by Pabna (Tk. 41602 ha-1), Natore (Tk. 41299 ha-1), Jessore (Tk. 40540 ha-1) and Rajshahi (33508 ha-1) respectively. Benefit cost ratio was estimated at 1.87 and 2.95 on full cost and cash cost basis.

Table 1: Cost of Binamoog-8 cultivation by the sample farmers in the areas
	Cost  Component
	Cost of production (Tk. ha-1)
	Average

	
	Pabna
	Magura
	Natore
	Jessore
	Rajshahi
	

	Human-labor (man-days ha-1)
	21584
	22445
	20284
	23165
	23484
	22192 (47)

	Family 
	6203
	5877
	7344
	7855
	7535
	6963

	Hired
	15381
	16568
	12939
	15309
	15949
	15229

	Power tiller
	4252
	4466
	4147
	4852
	4920
	4527 (10)

	Owned
	1833
	1662
	1262
	1584
	1930
	1654

	Hired
	2419
	2803
	2884
	3268
	2990
	2873

	Seed
	2160
	2452
	2421
	2570
	2486
	2418 (5)

	Owned
	488
	544
	440
	522
	570
	513

	Purchased 
	2160
	1908
	1981
	2048
	1916
	2003

	Fertilizer
	5401
	5158
	4986
	5293
	5380
	5244 (11)

	Organic manure (owned)
	950
	890
	792
	957
	880
	894 (2)

	Insecticide
	1651
	1812
	1965
	1583
	1856
	1773 (4)

	Irrigation
	3651
	3142
	3580
	3198
	3478
	3410 (7)

	Owned
	840
	680
	745
	822
	956
	809

	Hired
	2811
	2462
	2835
	2376
	2522
	2601

	Interest on operating capital
	2124
	2348
	2235
	2595
	2284
	2317 (5)

	Total Fixed cost
	4883
	3158
	3377
	4268
	4568
	4051 (9)

	Total cash cost
	29823
	30711
	27590
	29877
	30613
	29723 (63)

	Total variable cost
	41773
	42713
	40410
	44213
	44768
	42775 (91)

	Total Cost
	46656
	45871
	43787
	48481
	49336
	46826 (100)


Note: Figures in percentages indicate the percentage of total cost






Table 2:  Profitability of Binamoog-8 cultivation in different location
	Type
	Study areas
	Average

	
	Pabna
	Magura
	Natore
	Jessore
	Rajshahi
	

	Yield (kg ha-1)
	1705
	1694
	1596
	1568
	1610
	1634

	Yield (Tk. ha-1)
	86769
	90891
	83896
	87635
	81624
	86163

	By product (Tk. ha-1)
	1489
	1325
	1190
	1386
	1220
	1322

	Gross Return (Tk. ha-1)
	88258
	92216
	85086
	89021
	82844
	87485

	Total cash cost (Tk. ha-1)
	29823
	30711
	27590
	29877
	30613
	29723

	Total variable cost (Tk.ha-1)
	41773
	42713
	40410
	44213
	44768
	42775

	Total Cost (Tk. ha-1)
	46656
	45871
	43787
	48481
	49336
	46826

	Gross Margin (Tk. ha-1)
	46485
	49503
	44676
	44808
	38076
	44710

	Net Return (Tk./ha)
	41602
	46345
	41299
	40540
	33508
	40659

	Benefit Cost Ratio 
	
	
	
	
	
	

	          Full cost basis
	1.89
	2.01
	1.94
	1.84
	1.68
	1.87

	          Cash cost basis
	2.96
	3.00
	3.08
	2.98
	2.71
	2.95


	
Technical efficiency of Binamoog-8 farmers

Maximum likelihood estimates of the stochastic frontier and technical inefficiency are represented in Table 3. The stochastic frontier model considers the variable inputs as human labour, land preparation, seed, fertilizer, irrigation, organic manure and insecticides cost and socio-economic variables like age, education, experience and farm size are considered in the inefficiency model.
In table 3 showed that most of the parameters are statistically significant and positive. The empherical result indicated that the co-efficient of human labour was found positive and significant at 1% level, while that of land preparation, seed, fertilizer and organic manure were found positive but significant at 10 percent level. The elasticity of output with respect to human labor, land preparation, seed, fertilizer and organic manure were estimated to be positive values of 0.080, 0.207, 0.008, 0.287 and 0.224 respectively. It showed that these variables had a significant and positive impact on Binamoog-8 production. Thereby it can be said that if the human labor, land preparation, seed, fertilizer and organic manure are increased by one per cent, per hectare yield of Binamoog-8 is estimated to increase by 0.080, 0.207, 0.008, 0.287 and 0.224 per cent respectively. Irrigation and insecticides cost are statistically insignificant and showed negative relationship with Binamoog-8 production. The coefficients of dummy variables sowing date also positive and significant at 10% level. 

The estimated coefficient of technical inefficiency model showed that the coefficient of farmers age, education and farming experience were negative but significant at 1% level which implies that technical inefficiency in mungbean production decreases with the increases in farmers age, education  and farming experience. The coefficient of farm size and training was positive but not significant. The estimated value of variance (σ2) was significantly different from zero which indicated a good fit and correctness of specified distributional assumption.

Table 3: Maximum likelihood estimates of the stochastic Cobb-Douglas frontier production function and technical inefficiency model for Binamoog-8

	Independent variables
	Para-meters
	Co-efficient
	Standard
error
	T- ratio

	Stochastic Frontier model
	
	
	
	

	Constant
	0
	2.558*
	0.651
	4.070

	Human labour (Man-days ha-1)
	1
	0.080**
	0.870
	1.700

	Land preparation (Tk ha-1) 
	2
	0.207*
	0.196
	2.267

	Seed (Tk ha-1) 
	3
	0.008*
	0.002
	0.057

	Fertilizer (kg ha-1)
	4
	0.287*
	0.061
	4.713

	Irrigation (Tk. ha-1)
	5
	-0.006
	0.090
	-0.505

	Organic manure (kg ha-1)
	6
	0.224*
	0.069
	3.240

	Insecticides (Tk. ha-1)
	7
	-0.200
	0.217
	-9.18

	Dummy for sowing date 
	8
	0.242*
	0.063
	3.804

	Technical Inefficiency Model
	
	
	
	

	Constant
	0
	0.154*
	0.021
	3.254

	Age (Years)
	1
	-0.004**
	0.001
	-1.645

	Education (years of schooling)
	2
	-0.009**
	0.002
	-3.461

	Experience (years)
	3
	-0.033**
	0.027
	-1.205

	Farm size (decimal)
	4
	0.001
	0.003
	0.431

	Dummy for training 
	5
	0.242
	0.063
	3.804

	Variance parameters 
	
	
	
	

	Sigma-squared 
	σ2
	0.263**
	0.053
	1.995

	Gamma 
	γ
	0.935**
	0.072
	12.90

	Log likelihood function 
	192.64


(Note: ** and * indicate the significant at 1% and 10% level of probability, respectively)

In table 4 showed that about 59% farmers produced outputs which were very close to the maximum frontier output level (91%–99%). The mean efficiency of the Binamoog-8 producers was 88.5%, which indicates that they were made a production loss of 11.5% due to inefficiency factors. In other words, they were 11.5% apart from the frontier level.

Table 4: Technical efficiency of Binamoog-8 growers in the study areas
	Technical efficiency (%)
	No. of farmers
	% of total farmers

	71-80 
	16
	8

	81-90
	66
	33

	91-99 
	118
	59

	Mean efficiency 
	88.5%

	Maximum 
	99%

	Minimum 
	72%



Major constraints to Binamoog-8 Cultivation
Binamoog-8 is a profitable crop in the study areas. Farmers faced various constraints to Binamoog-8 cultivation. In table 5, about 93% farmers opined lack of high-quality seed as a top ranked problem of mungbean cultivation. Other constraints were disease and pest infestation (70%), pod maturity in different times (64%), high price of insecticides (49%), lack of capital (42%), lack of training (37%) and rainfall during germination period (30%).

Table 5: Major constraints to Binamoog-8 cultivation in the study areas
	SL. No
	Constraints
	Percent farmers’ responded
	Rank

	
	
	Pabna
	Magura
	Natore
	Jessore
	Avg.
	

	1.
	Lack of high-quality seed
	100
	97
	78
	98
	93
	1

	2.
	Disease and pest infestation
	77
	63
	75
	66
	70
	2

	3.
	Pod maturity in different times
	69
	55
	61
	70
	64
	3

	4.
	High price of insecticides
	48
	44
	57
	48
	49
	4

	5.
	Lack of capital
	42
	38
	46
	42
	42
	5

	6.
	Lack of training
	28
	34
	48
	37
	37
	6

	7.
	Rainfall during germination period
	24
	29
	38
	28
	30
	7




Conclusion
Binamoog-8 production in the study areas is profitable. Mungbean farmers received high return on its investment. They could increase Binamoog-8 yield by spending more on human labour, land preparation, seed, fertilizer and organic manure since these inputs had significant and positive impact on yield. About 59% Binamoog-8 farmers could achieve 88.5% of technical efficiency implying that they could increase mungbean productivity through increasing their technical efficiencies in many issues, such as age, education and farming experience. Although Binamoog-8 is a profitable crop, its growers faced different constraints, such as lack of high-quality seed, disease and pest infestation, pod maturity in different times, high price of insecticides, lack of capital, lack of training and rainfall during germination period.

Economic Study of Submergence Tolerant Rice Variety Binadhan-11

The study was conducted in five major Binadhan-11 growing areas of Bangladesh, namely Mymensingh, Sherpur, Jamalpur and Kurigram. The objectives were i) to estimate the cost and return of the submergence tolerant rice variety binadhan-11; ii) to examine the factors affecting gross return of Binadhan-11 produced different districts; and iii) to identify the major problem faced by the Binadhan-11grower farmers. A total of 120 farmers were randomly selected as sample size by using multistage sampling method in the study area, 30 from each District. Data were collected from Binadhan-11 growers through interview schedule. Some descriptive statistics were used for analyzing the collected data. In the study, costs and return analysis were done on full cost basis. 
 ,
Results and Discussion

From table 6 it can be showed that the average cost of production of Binadhan-11 is Tk. 44642.28 ha-1. The major share of total cost was human labour, power tiller and fertilizers. The cost of Binadhan-11 cultivation was found higher in Mymensingh (Tk. 47646.89 ha-1) followed by Sherpur, Jamalpur and Kurigram were Tk. 45970.44, Tk. 42483.90 and Tk. 42467.88 ha-1, respectively.



Table 6: Cost component of submergence tolerant rice variety Binadhan-11

	Cost component
	Mymensingh
	Sherpur
	Jamalpur
	Kurigram
	Average

	Human labour (man-days ha-1)
	22525.21
	21500.91
	18800.78
	19266.71
	20523.40

	Power tillar
	5350.00
	5430.48
	5000.13
	4860.48
	5160.27

	Seed
	1350.34
	1400.67
	1250.08
	1000.70
	1250.45

	Fertilizer
	8940.42
	8541.37
	8132.07
	8181.68
	8448.89

	Urea
	3640.13
	3580.81
	3400.66
	3600.25
	3555.46

	TSP
	3370.08
	3170.42
	3050.56
	2980.78
	3142.96

	MP
	1930.21
	1790.14
	1680.85
	1600.65
	1750.46

	Pesticides
	4100.26
	3800.89
	4200.12
	4000.35
	4025.41

	Irrigation
	2680.08
	2964.66
	2470.43
	2717.14
	2708.08

	Interest on operating capital
	1420.37
	950.25
	1580.08
	1040.61
	1247.83

	Total variable cost
	46366.68
	44589.23
	41433.69
	41067.67
	43364.32

	Total Fixed cost
	1280.21
	1381.21
	1050.21
	1400.21
	1277.96

	Total Cost
	47646.89
	45970.44
	42483.90
	42467.88
	44642.28




Table 7: Profitability of submergence tolerant rice variety Binadhan-11

	Items
	Mymensingh
	Sherpur
	Jamalpur
	Kurigram
	Average

	Yield (kg ha-1)
	4910.00
	4728.00
	3550.00
	3815.00
	4250.75

	Yield (Tk. ha-1)
	72160.41
	69552.33
	53250.14
	57750.68
	63178.39

	By product (Tk. ha-1)
	9360.12
	7500.76
	6800.18
	6300.48
	7490.39

	Gross return
	81520.53
	77053.09
	60050.32
	64051.16
	70668.78

	Total variable cost
	46366.68
	44589.23
	41433.69
	41067.67
	43364.32

	Total cost
	47646.89
	45970.44
	42483.90
	42467.88
	44642.28

	Gross margin
	35153.85
	32463.86
	18616.63
	22983.49
	27304.46

	Net returns 
(Tk. ha-1)
	33873.64
	31082.65
	17566.42
	21583.28
	26026.50

	Benefit cost ratio
	1.71
	1.68
	1.41
	1.51
	1.58



From table 7 it can be showed that the average yield of Binadhan-11 was 4250.75 kg (4.3 t ha-1) per hectare. The gross return of Biandhan-11cultivation was found higher in Mymensingh (Tk. 81520.53 ha-1) followed by Sherpur, Jamalpur and Kurigram in Tk. 77053.09, Tk. 60050.18 and Tk. 64051.16 ha-1 among the study areas. The net returns were Tk. 33873.64, Tk. 31082.65, Tk. 17566.42 and Tk. 21583.28 ha-1 followed by Mymensingh, Sherpur, Jamalpur and Kurigram, respectively. In the study area, highest net return was found in Mymensingh district (Tk. 33873.64 ha-1) and lowest in Jamalpur district (Tk. 17566.42 ha-1). The average net return was Tk. 26026.50 ha-1. The average Benefit cost ratio was 1.58 indicates that cultivation of these variety is profitable to the farmer’s level when all sorts of cost were taken into consideration. The highest BCR was found in Mymensingh district (1.71) which was followed by Sherpur (1.68), Kurigram (1.51) and Jamalpur (1.41) districts, respectively.

Factors affecting gross return of Binadhan-11 produced different districts
Functional Relationship

Findings from a log-linear specification are measured in table 3 the estimated Cobb-Douglas production function for Mymensingh was:
InY1 = 5.983 + 0.235 InX1 + 0.301 lnX2 + 0.125 lnX3 + 0.184 lnX4+ 0.208 lnX5. 
  
Explanatory Variables

The contribution of selected factors to production and returns from component can be examined from the individual regression co-efficient, which is discussed below.

Table 8: Estimated values of co-efficient and related Statistics of factors affecting gross return of Binadhan-11 produced different districts
	Independent variable cost
	Districts

	
	Mymensingh
	T value
	Kurigram
	T value
	Sherpur
	T value
	Jamalpur
	T value

	Intercept
	5.983
(1.203)
	-
	5.575
(1.054)
	-
	6.733
(1.174)
	-
	7.584
(1.528)
	-

	Labour cost  (X1)
	0.235**
(0.110)
	2.136
	0.086
(0.076)
	1.123

	0.258**
(0.090)
	2.861
	0.315***
(0.096)
	3.292

	Seedling cost  (X2)
	0.301***
(0.085)
	3.561
	0.231**
(0.094)
	2.445
	0.236**
(0.108)
	2.192
	0.254**
(0.103)
	2.456

	Fertilizer cost  (X3)
	0.125
(0.080)
	1.560
	0.233**
(0.093)
	2.515
	0.253
(0.175)
	1.439
	0.263
(0.191)
	1.379

	Insecticides cost  (X4)
	0.184
(0.153)
	1.201
	0.196
(0.156)
	1.256
	0.121**
(0.047)
	2.589
	0.054
(0.048)
	1.112

	Power tiller  (X5)
	0.208
(0.150)
	1.386
	0.234***
(0.075)
	3.105
	0.225
(0.166)
	1.355
	0.186
(0.131)
	1.415

	R2
	0.780
	0.758
	0.727
	0.857

	Adjusted R2
	0.650
	0.688
	0.653
	0.715

	Return to scale
	1.015
	1.136
	1.178
	1.252

	F - value
	8.95***
	9.23***
	9.67***
	11.32***



Note: Figures in the parentheses indicate standard error.
*** Significant at 1 percent level   
**   Significant at 5 percent level
 *     Significant at 10 percent level 
Labour cost (XI)

The regression coefficients for Binadhan-11  component under Mymensingh, Kurigram, Sherpur and Jamalpur districts  implying that the one percent increase in the labour use cost increase the gross return from rice by 0.235, 0.086, 0.0258 and 0.315 percent, respectively. The coefficient of Mymensingh and Sherpur districts are significant at five percent and Jamalpur district is one percent level of significance which also indicated the over use of labour in the farming activities.

Seedling cost (X2)

It is shown from the results presented in table 8 that the coefficient of seedling cost of the Binadhan-11 production was statistically significant at 1 percent level of significance for first Mymensingh district. The result implies that 1 percent increase in the seedling cost for Mymensingh district, keeping other factors constant, would result in an increase in gross return from rice by 0.301 percent. The coefficient of seedling cost of the rice production was statistically significant at 5 percent level of significance for next three districts. The result implies that 5 percent increase in the seedling cost for Mymensingh, Kurigram, Sherpur and Jamalpur districts farming systems, keeping other factors constant, would result in an increase in gross return from rice by 0.231, 0.236 and 0.254 percent, respectively.

Fertilizer cost (X3)

From the table 8, the coefficient of fertilizer cost for Binadhan-11 component under Mymensingh, Kurigram, Sherpur and Jamalpur districts were positive and statistically significant for Kurigram district. The result implies that 1 percent increase in the fertilizer cost, keeping other factors constant, would result in an increase in gross return from Binadhan-11 by 0.125, 0.233, 0.253 and 0.263 percent, respectively. 

Insecticides cost (X4)

The estimated results presented in table 8 shows that the coefficient of using insecticides cost were positive and statistically significant at 5 percent level of significance for Sherpur district. The other coefficient for Mymensingh, Kurigram, Sherpur and Jamalpur districts were positive as 0.184, 0.196, 0.121 and 0.054 percent, respectively were not significant.
Power tiller (X5)

It is shown from the results presented in table 8 that the coefficient of power tiller cost for the production of rice was not statistically significant for Mymensingh, Kurigram, Sherpur and Jamalpur districts as they were 0.208, 0.234, 0.225 and 0.186 percent, respectively. The result for Kurigram district implies that 1 percent increase in the irrigation cost, keeping other factors constant, would result in an increase in gross return from rice by 0.234 percent which was statistically significant at 1 percent level of significance.

R2 and Adjusted R2

As it is evident from table 8 that the value of the co-efficient of multiple. determination R2 of farming systems Mymensingh, Kurigram, Sherpur and Jamalpur districts were 0.780, 0.758, 0.727 and 0.857 respectively indicating that 78.0, 75.8, 72.7 and 85.7 percent, respectively of the variation in gross returns of rice production are explained by the independent variables included in the model.  

Return to Scale

The return to scale is 1.015, 1.136, 1.178 and 1.252 which were the sum of elasticities as shown in table 3. This value being greater than 1 means that the farmers are operating at the region of increasing return to scale. 

Problems and Constraints of Farmers and Its Probable Solutions

The reasons that hamper the achievement of goals are defined as problems whereas suggestions are indications of some measures to overcome these problems. The farmers faced various problems which are discussed below:

Scarcity of farm labour and high wage rate

Though the labourers are available in Bangladesh but most of them are unskilled and in the peak period the required labour was not available in the study area. In the farms most of the labourers, were totally illiterate. They did not help in scientific way, which reduce wastage in the production process. About 72, 61, 65 and 80 percent farmers of Sherpur, Jamalpur, Kurigram and Mymensingh districts, respectively claimed this problem in the study area. All most 70 percent the farmers reported this problem on an average. To overcome this problem, the mechanization system should be developed.

Table 9: Major problems faced by the farmers under different districts

	Name of the problems
	Districts

	
	Sherpur
(%)
	Jamalpur
(%)
	Kurigram
(%)
	Mymensingh
(%)
	Average
(%)

	Scarcity of farm labour and high wage rate
	72
	61
	65
	80
	69.50

	Adulterated fertilizer and insecticide
	75
	75
	80
	65
	73.75

	Short supply and High price of  fertilizers
	85
	80
	90
	95
	87.50

	Lack of credit facilities
	80
	70
	75
	80
	76.25

	Transportation problem
	55
	62
	85
	57
	64.75

	Lack of adequate market information
	65
	65
	70
	50
	62.50



Adulterated fertilizers and insecticides 

The effectiveness of the used fertilizers and insecticides were very lower in quality said by almost all the respondents in the following study. Sometimes the adulteration rate was very much higher in fertilizers and insecticides that the farmers had to face the loss cultivation of Binadhan-11. About 75, 75, 80 and 65 percent farmers of Sherpur, Jamalpur, Kurigram and Mymensingh districts, respectively reported that the fertilizers were adulterated. To solve this problem, govt. should take to implement the law and order properly by law enforcement agencies.

Short supply and high price of fertilizers

Fertilizers were the important inputs in rice production. That's why the price hike in fertilizers was very much burning issue to be discussed by the farmers as they were interviewed. About 85, 80, 90 and 95 percent farmers of Sherpur, Jamalpur, Kurigram and Mymensingh districts, respectively reported this problem. On an average about 88 percent farmers reported this problem as one of the major problems. The government should take initiative to higher subsidy and proper maintenance of supply and market channel to solve this problem.

Lack of credit facilities

Working capital is an important factor for the farmers. Most of the farmers reported that they suffered from shortage of necessary capital during the period of full operation. Due to shortage of working capital the farmers could not purchase necessary inputs in a large volume to meet up their demand in lean period. In the study area, About 85, 70, 75 and 80 percent farmers of Sherpur, Jamalpur, Kurigram and Mymensingh districts, respectively reported this problem. The govt. and NGOs should take initiative to increase the credit facilities for the farmers.

Transportation problem

The transportation problems were different for different modes of transportation as well as for different market locations. Transportation problem becomes serious in the peak period of Aman and Boro seasons. The transportation cost is higher in those seasons compare to rest of the year. In the study area, on an average 65 percent farmers reported this problem. This problem can be solved by the ministry of LGRD and co-operatives to implement the proper steps.

Lack of adequate market information

Lack of adequate market information was a problem for the farmers. The farmers could not collect market information rapidly due to shortage of support service from the government. The percentage of the farmers were 65, 65, 70 and 50 for Sherpur, Jamalpur, Kurigram and Mymensingh districts, respectively reported about this problem and the average shows that 63 percent farmers of all farming systems reported this kind of problem. Adequate market information should be developed by media and other informants.

Other Problems

Besides the problems, which are discussed above, the farmers have to face some risk and uncertainties, which sometimes causes severe losses. These risks may arise due to various internal and external activities such as inadequate irrigation facilities Lack of technical knowledge, Homestead and village erosion vulnerability.      
                                                                                                     
Conclusion

It is evident from the above-mentioned discussion that the sample farmers were profitable to cultivate Binadhan-11 in the study area. But some problems and factors were influenced throughout the production process. If the farmers become more conscious and modern implements are used in agricultural production activities, they will get maximum benefit to cultivation of Binadhan-11.

Potential productivity and yield gap of Biansoybean-2 in the research station and farm level

The study was conducted in five major Biansoybean-2 growing areas of Bangladesh, namely Noakhali, Laxmipur, Chandpur, Barisal, Comilla. The objectives were i) to identify the profitability of Biansoybean-2; ii) to determine the yield gap of Binasoybean-2 in the research station and farm level; and iii) to suggest key policies to minimize the yield gap. A total of 200 farmers were randomly selected as sample size by using multistage sampling method in the study area, 40 from each District. Data were collected from Biansoybean-2 growers through interview schedule. Some descriptive statistics were used in analyzing the collected data. In the study, costs and return analysis were done on both cash cost and full cost basis. 

 Results and Discussion

From table 10, it can be showed that the highest cost in farm level of Binasoybean-2 is in Laxmipur (Tk. 32146.45 ha-1) followed by Barisal, Comilla, Chandpur and Noakhali in Tk. 31779.62, Tk. 31240.62, Tk. 30887.10 and Tk. 30859.76 ha-1, respectively. The major shares of total cost were human labour, power tiller, fertilizer and irrigation. The average total cost of production in field level of Biansoybean-2 was Tk. 31382.71 (Table-10).




Table 10: Cost component of Biansoybean-2

	Cost  Component
	Noakhali
	Chandpur
	Laxmipur
	Comilla
	Barishal
	Average

	Human-labor 
(man-days ha-1)
	12439.47
	12267.12
	13220.5
	12884.11
	12855.2
	12773.28

	Power tiller
	4286.50
	4316.14
	4657.26
	4904.50
	4410.64
	4415.01

	Seed
	4075.16
	3869.10
	3990.88
	4125.50
	3575.40
	3927.27

	Fertilizer
	4079.32
	4322.31
	3972.95
	74096.67
	4406.66
	4175.58

	Urea
	640.45
	679.45
	705.02
	630.46
	790.98
	689.27

	TSP
	1080.45
	1110.25
	1260.60
	1170.13
	1333.88
	1191.06

	MP
	518.05
	650.02
	425.05
	505.23
	497.25
	519.12

	Gypsum
	850.05
	800.57
	770.25
	720.12
	790.63
	786.32

	Organic manure
	990.32
	1082.02
	812.03
	1070.73
	993.92
	989.80

	Pesticide and Insecticide
	923.61
	1080.21
	935.10
	760.44
	893.56
	918.58

	Irrigation
	1160.29
	1052.23
	1350.92
	870.05
	930.24
	1072.746

	Interest on operating capital
	1555.01
	1420.88
	1560.46
	1570.38
	1510.33
	1523.412

	Total variable cost
	28519.36
	28327.99
	29688.07
	29211.65
	28582.03
	28865.82

	Total Fixed cost
	2340.40
	2559.11
	2458.38
	2567.97
	2658.59
	2516.89

	Total Cost
	30859.76
	30887.10
	32146.45
	31779.62
	31240.62
	31382.71



Table 11: Profitability of Biansoybean-2 

	Type
	Noakhali
	Chandpur
	Laxmipur
	Comilla
	Barishal
	Average

	Yield (kg ha-1)
	2475.03
	2685.50
	2550.15
	2029.50
	2340.55
	2416.15

	Yield (Tk. ha-1)
	62327.65
	70625.50
	64500.25
	52468.50
	61740.25
	62332.43

	By product (Tk./ha)
	2223.10
	2370.15
	2330.14
	2150.10
	2190.75
	2252.85

	Gross Return
	62327.65
	70625.5
	6450.25
	52468.5
	61740.25
	62332.43

	Total variable cost
	28619.36
	28327.99
	29688.07
	29211.65
	28582.03
	28865.52

	Total Cost
	30859.76
	30887.10
	32146.45
	31779.62
	31240.62
	31382.71

	Gross Margin
	33808.29
	42297.51
	34812.18
	23256.85
	303158.22
	33466.61

	Net Return (Tk. ha-1)
	31467.89
	39738.40
	32353.80
	20688.88
	30499.63
	30949.72

	Benefit Cost Ratio (Undiscounted)
	2.02
	2.29
	2.01
	1.65
	1.98
	1.99





The gross return of Biansoybean-2  cultivation was found higher in Chandpur (Tk. 70625.50 ha-1) followed by Laxmipur, Noakhali, Barishal and Comilla in Tk. 64500.25, Tk. 62323.65, Tk. 61740.25 and Tk. 52468.50 ha-1 among the study areas. The net returns were Tk.  39738.40, Tk. 32353.80, Tk. 31467.89, Tk. 30499.63 and Tk. 20688.88 ha-1 followed by Chandpur, Laxmipur, Noakhali, Barishal, Comilla, respectively. The highest net return (Tk. 39738.40 ha-1) comes from Chandpur district the lowest net return (Tk. 20688.88 ha-1) comes from Comilla district for Biansoybean-2. The undiscounted benefit cost ratio over full cost basis were 2.29, 2.02, 2.01, 1.98 and 1.65 for Biansoybean-2  in field level for Chandpur, Noakhali, Laxmipur,  Barishal and Comilla, respectively. The highest Benefit Cost Ratio (BCR) is 2.29 in Chandpur district and the lowest BCR is 1.65 in Comilla district. It indicates that all of farmers of Binasoybean-2 are economically profitable (Table-11).
Table 12: Yield gap between research station and farm level of Biansoybean-2 

	District
	Yield in Research Station
(Kg/ha)
	Yield in Farm Level
(Kg/ha)
	Yield Gap between Research Station and Farm Level (Kg/ha)
	Yield Gap between Research Station and Farm Level as Area (%)

	Noakhali
	2655.00
	2475.03
	179.97
	18.30

	Chandpur
	2769.00
	2685.50
	83.50
	8.49

	Laxmipur
	2663.00
	2550.15
	112.85
	11.48

	Comilla
	2427.00
	2029.50
	397.50
	40.43

	Barishal
	2550.00
	2340.55
	209.45
	21.30

	Total
	13064.00
	12080.73
	983.27
	100.00

	Average
	2612.80
	2416.15
	196.65
	-




The average yield gap of Biansoybean-2 in farm level and research station was 196.65 kg per hectare. The yield gap between research station and farm level were 179.97 kg, 83.50 kg, 112.85 kg, 397.50 kg and 209.45 kg per hectare for Biansoybean-2  in Noakhali, Chandpur, Laxmipur, Comilla and Barishal, respectively (Table-12). The highest yield gap between research station and field level was in Comilla (397.50 kg ha-1) and lowest in Chandpur (83.50 kg ha-1). From table 3 also found that the yield gap between research station and farm level in percentage were 18.30, 8.49, 11.48, 40.43 and 21.30 for Biansoybean-2  in Noakhali, Chandpur, Laxmipur, Comilla and Barishal, respectively.


Constraints to Biansoybean-2 Cultivation

Biansoybean-2 growers farmers faced various constraints to Biansoybean-2 cultivation like, disease and pest infestation, non availability of quality seed and fertilizer at proper time, lack of soil moisture during sowing time, lack of credit facilities and lack of knowledge about improved technology were reported to be main constraints to Biansoybean-2 cultivation in Bangladesh.

Table 13: Constraints of Biansoybean-2 cultivation 

	SL. No.
	Constraints
	Rank Value

	1.
	Disease and pest infestation
	1

	2.
	Non availability of quality seed and fertilizer at proper time
	2

	3.
	Lack of soil moisture during sowing time
	3

	4.
	Lack of credit facilities
	4

	5.
	Lack of knowledge about improved technology
	5



Policies to Reduce the Yield Gap

Government should take appropriate action through law enforcement team to stop the use of adulterated insecticide and fungicide throughout the country. It should need to provide quality seed and fertilizer in appropriate time. Some techniques should be used to reduce the lack of soil moisture during sowing time. Different Government and commercial bank should widen their area to provide loan to the farmers for smooth running of small farming. Most of the farmers did not follow the recommended doses of inputs in the production process. So the field workers of the Department of Agricultural Extension (DAE) should be more careful about the proper dissemination of the scientific technology. 

Conclusion

It is concluded from the aforesaid discussion that the Biansoybean-2 production in the study areas is profitable. Biansoybean-2 farmers received higher return on their investment. Although Biansoybean-2 is a profitable crop, farmers could not harvest expected benefit due to various problems. The quality seed of the existing improved variety should be made available to the farmer for greater extension of this crop. 
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Binasoybean-3	35DAS	50DAS	65DAS	70DAS	35DAS	50DAS	65DAS	70DAS	0.29450000000000032	2.6974999999999998	11.98	22.610000000000031	0.37275000000000008	2.5499999999999998	11.055000000000026	23.14	Binasoybean-4	35DAS	50DAS	65DAS	70DAS	35DAS	50DAS	65DAS	70DAS	0.29350000000000032	1.7524999999999891	12.139999999999999	20.45	0.49950000000000272	2.13	10.7325	20.34	SBM-18	35DAS	50DAS	65DAS	70DAS	35DAS	50DAS	65DAS	70DAS	0.24625000000000041	2.3524999999999707	9.8700000000000028	18.979999999999986	0.39000000000000307	2.2574999999999998	12.41	17.809999999999999	

Binasoybean-3	Vegetative stage	Flowering stage	Pod formation stage	32.43	41.6	47	Binasoybean-4	Vegetative stage	Flowering stage	Pod formation stage	35.67	44.2	45.5	SBM-18	Vegetative stage	Flowering stage	Pod formation stage	40.770000000000003	44.9	45.6	


Binasoybean-3	Vegetative stage	Flowering stage	Pod formation stage	33.5	35.700000000000003	38.200000000000003	Binasoybean-4	Vegetative stage	Flowering stage	Pod formation stage	34.4	37.1	35.6	SBM-18	Vegetative stage	Flowering stage	Pod formation stage	33.9	37.6	36.800000000000004	

Binasoybean-3	Vegetative stage	Flowering stage	Pod formation stage	1.169	2.0329999999999977	3.294	Binasoybean-4	Vegetative stage	Flowering stage	Pod formation stage	1.681	1.9950000000000001	2.3919999999999977	SBM-18	Vegetative stage	Flowering stage	Pod formation stage	1.524	1.8420000000000001	2.8389999999999977	

Grain yield	T0	T1	T2	T3	T4	T5	T6	T7	T8	3.1	4.78	4.88	4.91	4.9400000000000004	5.25	5.99	6.02	5.1199999999999966	Straw yield	T0	T1	T2	T3	T4	T5	T6	T7	T8	2.4899999999999998	4.17	3.7	3.92	4.08	4.0999999999999996	4.2699999999999996	4.5	4.8499999999999996	Treatment
Grain & straw yield (t ha-1)
A
Grain yield	F1	F2	3.79	4.1399999999999997	Feretilizer dose
Grain yield (t ha-1)

B
Grain yield	T0	T1	T2	T3	4.38	4.07	3.58	3.8299999999999987	Dose of organic residue
Grain yield (t ha-1)
C
Grain yield	F1T0	F1T1	F1T2	F1T3	F2T0	F2T1	F2T2	F2T3	4.76	3.9	3.27	3.25	3.9899999999999998	4.24	3.8899999999999997	4.4300000000000024	Treatment
Grain yield (t ha-1)
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