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Research Highlights 
Rice
The iron and zinc rich mutant line RC-2-4-1-2 matured 5-10 days earlier than BRRI dhan 49 in the T. aman season and produced higher average yield (4.48 tha-1) and maximum yield (5.5 tha-1) has been recommended by the Technical Committee of National Seed Board for release as Binadhan-20. The NERICA mutant N10-40(C)-1-5 took 90-100 days to mature in aus season and produced average yield (3.84 tha-1) and maximum yield (5.0 tha-1) under direct seeding and rainfed conditions has been released by the National Seed Board of Bangladesh as Binadhan-19 for commercial cultivation in the drought prone and hilly ares of Bangladesh. Binadhan-19 is also suitable for T. aman season. Ninety seven M6 mutants of deep water rice have been evaluated in the natural deep water condition in Gopalganj and in artificial condition in the deep water rice screening tank at BINA farm, Mymensingh. Two M5 mutants of Kasalath which can be grown even under 60% deficit P matured one week earlier than BRRI dhan 49 but produced similar yield. The mutant RM (2)-40(C)-4-2-8 with longer and finer grain produced 6.2 tha-1 grain yield and matured at the same time like BRRI dhan 28.
One NERICA mutant, N10/350/P-5-4 matured 103-107 days, long fine grain and produced average seed yield of 4.3 to 4.5 tha-1at different agro-ecological zones during Aus season, 2017. Two dual tolerant (saltol and submergence tolerant) rice lines have been selected which can tolerate 6-8 dS/m in saline soil and survive 14-18 days under complete submergence. Some other advanced lines were selected having earliness, higher seed yield and disease tolerant from different advanced and preliminary yield trials. 
Wheat
Eleven M3 populations with higher number of tiller, longer panicle length, higher number of grain and 1000 grain weight have been selected.
Groundnut
Two medium size M6 mutants and a bold seeded established mutant with higher yield than Binachinabadam-4 have been selected.

Rapeseed-Mustard
Two mustard mutants (MM-35 and MM-37) have also been identified with higher seed yield. Two rapeseed lines (RC-3 and RC-4) and four rapeseed mutants (RM-3, RM-5, RM-7 and RM-10) have been identified with higher seed yield and short duration. In addition, some M4 and M3 mutant lines of mustard and rapeseed have been selected with higher seed yield potential. These lines also need further evaluation.
Sesame
Three sesame mutants (SM-001, SM-002 and SM-006) have been identified with higher seed yield and early maturity. Mutant SM-08 has performed better in different locations in respect of some mutant lines have also been selected with higher seed yield potential. These lines need further evaluation.
Soybean
One mutant (SBM-18) performed better in different locations in respect of seed yield. Application was made to NSB for registration this mutant as variety and finally the mutant was registered as Binasoybean-5. Moreover, some M3 and M4 population/generation of soybean have been selected. Which need further screening.
Mungbean
One mutant (MBM-347-13) performed well in respect of earliness, bolder seed size and higher seed yield at different agro-ecological zones was registered as Binamoog-9 by the National Seed Board. Another mutant also found promising was selected for earliness, seed yield and tolerance to diseases which will be evaluated further in the next growing season.
Chickpea
Two chickpea mutants, having straw seed coat colour, bolder seed size and higher seed yield (1.8-1.9 t/ha) were selected from Regional yield trial which will be further evaluated in the next growing season. 
Lentil 
A high yielding lentil line GM-208 has been registered as variety Binamasur-11 in 2017. Besides this, three selected mutant lines performed better in respect of seed yield and disease infestation. Moreover, eight advanced mutants need further trial for selection of desired lines.

Blackgram
Three advanced mutant lines were in on-station trials for higher seed yield and a good number of advanced mutant lines are in evaluation.
Grasspea 
Five advanced mutants were selected for higher yield and a good number of early generation mutants are in evalution and selection will be made for in the next season.
Jute
Ten M3 populations with longer plant height, broader base diameter and higher fiber yield have been selected.
Onion
Application has been prepared for registration of two summer onion mutants BP2/75/2 and BP2/100/2 as Binapiaz-1 and Binapiaz-2, respectively.

RICE
AUS
Field evaluation of a drought tolerant NERICA rice mutant in Aus season
The yield trials were carried out with a drought tolerant NERICA mutant, N10/350/P-5-4 along with check variety, BR26 at BINA HQ and Fulbaria, Mymensingh, Nalitabari sub-station,  Nalitabari sadar  and Nokla, Sherpur , Magura sub-station, Magura sadar and Kushtia, Chapainawabganj sub-sttion, Chapainawabganj, Nachole and Godagari, Rajshahi during Aus season 2017. 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. Data on days to maturity, plant height, no. effective tillers hill-1, no. filled grains panicle-1, 1000 grain weight (g) and grain yield plot-1(kg) were recorded from five randomly selected plants from each plot. Plot yield was converted to tha-1. 

Yield and yield contributing traits along with grain characters are presented in Table 1-3. 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. For grain characteristics, there was  no significant differences between the mutant and check variety.  
[bookmark: OLE_LINK2]Table 1: Yield and yield contributing characters of the proposed drought tolerant mutant rice and check variety grown in aus season 2016-17

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

	N10/350/P-5-4
	98
	105
	140
	15
	23.5

	BR26 (check)
	110
	110
	127
	11
	21.5



Table 2: Yield performances of the NERICA mutant at multi-location trials grown in  Aus season 2017

	Designation
	Grain yield (tha-1)
	Mean

	
	L1
	L2
	L3
	L4
	L5
	

	N10/350/P-5-4
	4.48
	4.73
	4.92
	3.95
	3.80
	4.40

	BR26 (check)
	3.86
	4.56
	4.82
	3.70
	3.60
	4.10


 L1- Fulbaria (Mymensingh),  L2- BINA sub station Nalitabari, L3- Magura sub-station , L4-Tanore (Rajshahi) and L5- Mirpur, Kustia

Table 3: Grain characteristics of the proposed variety
	Proposed
mutant with std. checks
	Milling yield (%)
	Head rice yield
(%)
	Chalkinessa
	Whole grain length (mm)
	Dehulled grainkernel-1
	Amylose content

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

	N10/350/P-5-4
	74
	93
	wb1
	9.3
	7.2
	2.0
	3.6
	Long slender
	25.1

	BR26 (check)
	71
	91
	wb1
	9.1
	7.0
	2.0
	3.5
	Long slender
	22.7



         a Wb1 = Less than 10% chalkiness,

AMAN
Regional yield trial of some promising NERICA rice mutants and one advanced line
Three NERICA rice mutants along with one advanced line and check variety, BRRI dhan56 were tested in aman 2016 at BINA HQ (Mymensingh), Nachole and Gohalbari (Chapainawabganj). The experiment was laid out in RCBD with three replications. Unit plot size was 4m x 5m 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 4, it is observed that the mutants N4/250/P-2(6)-26 and N4/250/P-1(2) were matured earlier than other entries and check variety at all the locations.  BRRI dhan56 had the highest plant height than other mutants at all the locations.  The highest filled grains panicle-1 was found in N4/250/P-2(5)-11-2 at all the locations. The highest 1000 grain wt. was observed in SH-1 advanced line. At all the locations, the highest seed yield was produced by mutant  N4/250/P-2(5)-11-2 among the test entries.  Two mutant lines will be evaluated by field trial in different agro-ecological zones in the next aman season. 


Table 4: Mean performance of different characters of rice mutants and advanced line   
              during aman season

	Variety
	Days to maturity
	Plant height (cm)
	No. of total tillers hill-1
	No. of effective tillers hill-1
	Panicle length (cm)
	No. of filled grains
panicle-1
	No. of unfilled grains
panicle-1
	1000 wt (g)
	Grain yield (tha-1)

	BINA H/Q

	N4/250/P-2(6)-26
	106
	108
	16
	14
	23
	102
	32
	17
	4.5

	N4/250/P-2(5)-11-2
	135
	111
	13
	12
	24
	138
	21
	22
	5.6

	N4/250/P-1(2)
	105
	106
	15
	14
	21
	114
	28
	18
	4.8

	SH-1
	119
	104
	12
	11
	24
	107
	31
	24
	4.1

	BRRIdhan-56
	113
	117
	14
	13
	23
	122
	33
	22
	4.4

	LSD (0.05)
	5.2
	3.6
	NS
	NS
	NS
	6.4
	2.7
	2.1
	0.8

	Nachole

	N4/250/P-2(6)-26
	103
	106
	14
	13
	22
	112
	12
	16
	4.8

	N4/250/P-2(5)-11-2
	133
	106
	11
	10
	23
	144
	20
	23
	5.9

	N4/250/P-1(2)
	107
	104
	15
	14
	22
	118
	14
	17
	4.3

	SH-1
	121
	109
	13
	12
	21
	102
	12
	25
	4.5

	BRRIdhan-56
	115
	116
	12
	10
	22
	108
	13
	21
	4.5

	LSD (0.05)
	5.1
	2.2
	1.5
	NS
	NS
	5.6
	2.1
	2.1
	0.9

	Gohalbari,  Chapainawabganj 

	N4/250/P-2(6)-26
	106
	102
	13
	12
	24
	109
	14
	16
	4.9

	N4/250/P-2(5)-11-2
	133
	108
	11
	10
	24
	117
	18
	22
	5.4

	N4/250/P-1(2)
	105
	102
	11
	10
	22
	99
	19
	16
	4.4

	SH-1
	115
	104
	13
	12
	23
	104
	16
	23
	4.7

	BRRIdhan-56
	110
	114
	10
	10
	21
	114
	21
	22
	4.6

	LSD (0.05)
	5.23
	NS
	0.67
	NS
	NS
	4.5
	2.5
	2.1
	1.2



Advanced yield trial of some NERICA rice mutants 
Four NERICA rice mutants along with two parents (NERICA-1, NERICA-10)  and one check variety (BRRI dhan56) were tested during aman season 2016 at BINA HQs Mymensingh and BINA Sub- station-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 5, it is observed that the highest effective tillers/hill and filled grains panicle-1 were found in mutant N10/300/P-2-3-5-2.  The highest panicle length was observed in Mutant N1/250/P-7-3-12-2-1 at both the locations. The highest 1000 seed weight was produced by NERICA-1. Mutants N10/300/P-2-3-5-2 and N10/300/P-2-3-5-1 matured earlier and produced higher seed yield. These two mutant lines will be selected for regional yield trial in the next growing season.

Table 5: Mean performance of mutants and check varieties of rice during aman season 
              2016

	Variety
	Days to maturity
	Plant height (cm)
	No. of total tillers/
hill
	No. of effective tillers/
hill
	Panicle length (cm)
	No. of filled grains/
panicle
	No. of unfilled grains/
panicle
	1000 wt (g)
	Grain yield (t/ha)

	BINA H/Q

	N1/250/P-7-3-12-2-1
	131
	145
	9
	9
	35
	105
	33
	19
	3.8

	N10/300/P-2-3-5-2
	128
	126
	10
	10
	27
	184
	36
	21
	5.6

	N10/300/P-2-3-5-1
	127
	123
	11
	10
	27
	161
	26
	23
	4.6

	N1/250/P-6-2-6-1
	132
	125
	11
	10
	25
	128
	43
	21
	4.2

	BRRIdhan-56
	129
	115
	10
	9
	23
	126
	25
	22
	4.5

	NERICA-10
	132
	98
	5
	4
	22
	94
	35
	24
	1.8

	NERICA-1
	133
	100
	7
	6
	24
	39
	13
	26
	1.8

	LSD (0.05)
	NS
	11.8
	2.3
	3.4
	2.5
	13.6
	3.2
	2.2
	1.1

	Nachol

	N1/250/P-7-3-12-2-1
	133
	109
	11
	9
	31
	104
	22
	18
	3.1

	N10/300/P-2-3-5-2
	126
	110
	10
	9
	23
	150
	25
	24
	5.1

	N10/300/P-2-3-5-1
	128
	108
	12
	10
	24
	142
	22
	21
	4.7

	N1/250/P-6-2-6-1
	127
	95
	9
	8
	22
	106
	24
	21
	3.5

	BRRIdhan-56
	128
	113
	10
	9
	24
	129
	23
	21
	4.6

	NERICA-10
	125
	87
	9
	4
	23
	78
	24
	24
	2.2

	NERICA-1
	126
	83
	9
	9
	21
	85
	28
	25
	2.1

	LSD (0.05)
	NS
	4.2
	1.6
	3.4
	2.3
	10.4
	1.78
	2.2
	0.6




Preliminary yield trial with some rice mutants of NERICA-10
This experiment was carried out to assess the yield attributes of seven mutant lines derived from NERICA-10. Seeds of the seven mutants along with parent NERICA-10 were sown on 1st July 2016 and transplanted to the field on 28 July 2016. 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 10 randomly selected competitive hills. Maturity was assessed plot basis. Recorded data were finally subjected to proper statistical analyses and are presented in Table 6. 
Table 6: Yield and yield attributes of some rice mutant lines along with the parent variet NERICA-10 

	Mutants/
parent
	Days
 to maturity
	Plant height
(cm)
	No. of effective tillers 
hill-1 
	Panicle length (cm)
	No. of filled grains Panicle-1 
	No. of unfilled grains panicle-1 
	1000
Seed weight
(g)
	Seed yield
plant-1 (g)

	N10/300/pn-1
	103
	134.1
	7.3
	23.86
	111.8
	102.0
	26.37
	15.88

	N10/300/pn-2
	102
	134.0
	5.8
	24.92
	84.8
	104.8
	25.43
	9.17

	N10/300/pn-3
	104
	139.6
	6.3
	24.45
	111.7
	114.6
	21.90
	11.92

	N10/300/pn-4
	102
	138.0
	6.8
	23.31
	100.3
	98.3
	24.97
	11.48

	N10/300/pn-5
	102
	139.4
	5.8
	24.63
	121.0
	93.1
	26.26
	14.29

	N10/300/pn-6
	102
	131.2
	6.1
	23.16
	103.6
	88.7
	25.28
	11.48

	N10/300/pn-7
	102
	138.5
	6.0
	26.24
	126.6
	106.9
	26.69
	15.72

	N10/300/pn-8
	104
	137.2
	6.3
	23.88
	110.3
	101.2
	26.88
	13.45

	NERICA-10
	100
	94.0
	6.0
	21.70
	96.4
	37.7
	24.63
	11.80

	Mean
	102.3
	131.8
	6.27
	24.02
	107.4
	94.1
	25.38
	12.80

	SD
	1.22
	14.45
	0.49
	1.27
	12.73
	22.47
	1.52
	2.21


 
The mutant lines and the parent differed significantly for plant height, filled and unfilled grain panicle-1 and grain yield. All the mutants produced taller plant height and panicle length than parent. Effective tiller number of the plants ranged 5.80 to 7.30 with N10/300/pn-1 being the highest and N10/300/pn-2 the lowest. Filled grains Panicle-1 ranged 84.8 to 126.63 g with N10/300/pn-7 being the highest while N10/300/pn-2 the lowest. Unfilled grains panicle-1 ranged 37.7 to 114.57g with N10/300/pn-3 being the highest while NERICA-10the lowest. All the mutants took 102-104 days to mature, while their parent NERICA-10 took only 100days. Filled grains panicle-1 was the highest in the mutant N10/300/pn-7 while the lowest in the mutant N10/300/pn-2. All the mutants produced higher yield than their parent except N10/300/pn-2. Based on seed yield/plant four mutants (N10/300/pn-1, N10/300/pn-5, N10/300/pn-1 and N10/300/pn-7, N10/300/pn-8) were selected for next year evaluation. 
[
[[[



Regional yield trial of promising dual tolerant rice lines for salinity and submergence prone areas 

Two dual tolerant rice lines along with one check variety Binadhan-10 were tested in Aman season 2016-2017 at Amtoli, Barguna 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, no. of effective tillers hill-1, panicle length (cm), no. of filled grains panicle-1 and grain yield (t/ha) were recorded from five randomly selected plants from each plot. From the Table 7, it is observed that line RC-251 had the highest plant height at all the locations. This line also matured earlier at Amtoli, Barguna and satkhira sadar. The highest panicle length, filled grains /panicle and seed yield were observed in line RC-251. These lines could tolerate 6-8 dS/m in saline soil and survive 14-18 days under complete submergence. These two lines will be further evaluated in the next aman season.

Table 7. Yield and yield attributes of two dual tolerant rice lines along with check variety   
               during aman season 

	Mutants/
Varieties
	Plant height
(cm)
	Duration (Days)
	No. off effective tillers/hill
	Panicle length (cm)
	No. of filled grains/
panicle
	No. of unfilled grain/
panicle
	Seed yield
(t/ha)

	Amtoli, Barguna

	RC-249
	117
	123
	10
	21
	112 b                                                                                                                                                                                                                                                                                                                                                                                        
	22a
	4.5b

	RC-251
	121
	120
	11
	24
	135a
	13b
	5.2a

	Binadhan-10
	116
	126
	11
	22
	115b
	20a
	5.0a                                                                                                                                                                                                                                                                                                    

	Satkhira, Sadar

	RC-249
	124
	123
	11
	20
	122b                                                                                                                                                                                                                                                                                                                                                                                        
	35a
	4.3b

	RC-251
	122
	120
	12
	24
	128b
	23b
	5.1a

	Binadhan-10
	119
	126
	12
	25
	135a
	27b
	5.0a                                                                                                                                                                                                                                                                                                 

	Nalitabari

	RC-249
	108b
	114
	10
	24
	112b                                                                                                                                                                                                                                                                                                                                                                                          
	27a
	5.2ab

	RC-251
	125a
	117
	12
	25
	135a
	19b
	5.8a

	Binadhan-11
	112b
	117
	11
	23
	115b
	25a
	5.4a                                                                                                                                                                                                                                                                                                    



Evaluation of introgressed bacterial leaf blight resistant rice lines in aman season
Four lines along with one check near isogenic pyramided BLB resistant lines (IRBB60) were put into preliminary yield trial during aman season, 2016 at BINA HQs, Mymensingh. 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, days to 1st flowering, no. of total tillers plant-1 , 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. Besides this, two seedlings of each line/strain were inoculated at maximum tillering stage (40 days after transplanting) to evaluate their reaction to bacterial blight. Inoculation was done 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. Ten isolates of X. oryzae pv oryzae (Xoo) were used to inoculate each line to test for bacterial blight resistance genes Xa4, xa5, Xa7, xa13 and Xa21. The plants were assessed at 14 days after inoculation. The agronomic performance and severity score of  X. oryzae pv. oryzae are shown in Table 8 and 9.
From the Table 8, it is observed that among the entries SSB-25 matured earlier and produced the highest filled grains/panicle. Entry SSB-24 produced the highest number of effective tillers, panicle length and seed yield (5.8 t/ha) followed by SSB-25 (5.3 t/ha).
For disease reaction, among the tested materials SSB-22 showed less disease severity against 10 BLB isolates. 
Table 8.  Agronomic performance of Swarna sub1 BLB resistant rice lines
	Entry name
	Days to
maturity
	Plant height
(cm)
	Days 1st to flowering
	No. of tillers
/plant
	No. effective tillers/
plant
	Panicle length
(cm)
	No. of filled grains/
panicle-1
	No. of unfilled grains/
panicle-1
	1000 seed wt.
	Seed yield
(t/ha)

	SSB-02
	119
	87
	78
	13
	11
	25.4
	159
	24
	18.1
	4.5

	SSB-22
	104
	96
	66
	12
	10
	23.3
	104
	16
	26.0
	5.2

	SSB-24
	107
	102
	71
	15
	14
	28.0
	173
	26
	22.1
	5.8

	SSB-25
	103
	92
	68
	11
	10
	25.7
	176
	21
	22.3
	5.3





Table 9. Score for Bacterial leaf blight disease of swarna sub1 BLB resistant lines
	Entry name
	Isolate 1
	Isolate 2
	Isolate 3
	Isolate 4
	Isolate 5
	Isolate 6
	Isolate 7
	Isolate 8 
	Isolate 9 
	Isolate 10 

	SSB-02
	7
	9
	7
	5
	3
	9
	7
	9
	7
	7

	SSB-22
	3
	3
	5
	1
	7
	5
	3
	7
	3
	5

	SSB-24
	9
	7
	5
	5
	5
	7
	5
	5
	3
	3

	SSB-25
	9
	9
	5
	3
	5
	9
	7
	7
	7
	1



Screening of rice lines/germplasm for stagnant water tolerance
The experiment was carried out with 26 submergence tolerant INGER germplasm along with four check varieties, BRRI dhan51, BRRI dhan52, Binadhan-11 and Binadhan-12 at BINA HQs Mymensingh during Aman season 2016 to identify stagnant water tolerant rice lines. The experiment was laid out in CRD with three replications. Intercultural practices were done as and when necessary. The treatment was
a) Control with shallow flooding of 5 cm
b) Gradual flooding starting at 30 days after transplanting (DAT) with 20 cm water depth and increased  weekly by 5 cm upto 50-60 cm and
c) Severe flooding at 30DAT with 20 cm water depth then increased to 40 cm at 37 DAT and to 50-60 cm at 42 DAT. It was maintained upto maturity. No plant was completely submerged. Plant height, elongation rate and yield were measured at maturity.
 It is observed from the result that moderate elongation rate performed well than fast elonglation rate. Five to six germplasm performed well but for more confirmation this experiment should be repeated in the next growing season.

Growing of M1 generation of Biroi and Lal balam rice in T. Aman season
To create variability, seeds of local cultivar Biroi and Lal balam were irradiated with 200, 250, 300 and 350 Gy doses of gamma rays and the seeds were sown at BINA HQs Mymensingh during Aman season. After one month, the seedlings were transplanted in closer spacing in the main field. 
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.     

Growing of M2 generation of dual tolerant rice in T. Aman season
M2 variants were developed from dual tolerant (Salinity and submergence) advanced line RC251 were grown in plant-progeny-rows for selecting desirable mutants at BINA HQs farm, Mymensingh. From them a total of 100 mutant variants were selected primarily for further selection in M3 generation based on early maturity, grain shape and yield.
Growing of M1 generation of Habu, Hutra, Nousha and Binadhan-17 rice in T. Aman season
To create variability, seeds of Habu, Hutra, Nousha and Binadhan-17 were irradiated with 200, 250, 300 and 350 Gy doses of gamma rays and the seeds were sown at BINA HQs Mymensingh during Aman season. After one month, the seedlings were transplanted in closer spacing in the main field. 
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.  
BORO
Evaluation of some MAGIC lines of rice

Ten MEGIC rice lines along with one check variety  BRRI dhan28 were tested in Boro season 2016-17 at BINA HQs farm, Mymensingh. The experiment was laid out in RCBD with three replications. Unit plot size was 1m x 0.4m and spacing between hills and rows were 15 cm and 20 cm, respectively. Data on days to maturity, plant height, total tillers/plant, effective tillers hill-1(no.), panicle length (cm),  filled grains panicle-1(no.), unfilled grains panicle-1 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 10, it is observed that MAGIC-12 line had the heighest plant height whereas MAGIC-23 had the lowest. Check variety BRRI dhan28 matured earlier (139 days) followed by MAGIC-27 (140 days) and MAGIC-12 (143 days). The highest total no. of tillers/plant and effective tillers/hill were observed in MAGIC-72 line and lowest in MAGIC-27. MAGIC line-62 had the highest panicle length (27.13 cm) followed by MAGIC-72(26.53) and MAGIC-37(25.09). The highest filled grains was observed in MAGIC-72 line and lowest in BRRI Dhan-28. Though the MAGIC-72 line produced the highest filled grains (232) but also produced the highest unfilled grains (60.8) as well as matured in late (161 days). On the other hand MAGIC-12 line produced higher filled grains (162) but very few unfilled grains (7.9). This MAGIC-12 line produced the highest seed yield (8.53 t/ha) followed by MAGIC-82 (7.58 t/ha, MAGIC-27 (7.52 t/ha) and MAGIC-62 (7.46 t/ha). Based on early maturity and higher seed yield six lines were selected and will be evaluated in the preliminary yield trial in next growing season. 

Table 10: Mean performance of MAGIC  lines along with check variety of rice at BINA Hqs, Mymensingh during boro season 2016-17

	Strain/variety
	Plant height
(cm)
	Days
to maturity
	No. of total tillers/hill
(no.)
	No. of effective tillers
hill-1 (no.)
	Panicle length (cm)
	No. of filled grains panicle-1 (no.)
	No. of unfilled grains panicle-1 (no.)
	Seed yield(t/ha)



	MAGIC-10
	91
	148
	12
	11.8
	22.9
	139
	20
	5.4

	MAGIC-12
	108
	143
	9
	8.6
	23.2
	162
	7
	8.5

	MAGIC-19
	86
	148
	14
	12.6
	22.7
	153
	51
	5.2

	MAGIC-23
	83
	144
	11
	10.33
	21.0
	215
	35
	7.2

	MAGIC-27
	85
	140
	7
	6.27
	20.3
	200
	47
	7.5

	MAGIC-37
	102
	154
	10
	10.26
	25.0
	138
	55
	7.2

	MAGIC-62
	107
	146
	13
	13.07
	27.1
	180
	43
	7.4

	MAGIC-72
	93
	161
	14
	14.6
	26.5
	232
	60
	6.9

	MAGIC-75
	90
	151
	10
	10.10
	24.4
	213
	58
	6.9

	MAGIC-82
	86
	147
	13
	12.80
	23.2
	228
	40
	7.5

	BRRI dhan28
	83
	139
	12
	11.40
	20.9
	121
	27
	6.9



Yield performance of two released varieties along with one cultivar in Boro season
The experiment was carried out with two released varieties BRRI dhan28 and Binadhan-17 along with a local cultivar Habu at Bagharpara, Jessore during Boro season 2016-17 to compare yield and yield performances. The experiment was laid out in RCBD with three replications. Unit plot size was 4m x 5m 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) was recorded from each plot and was converted to t/ha.
From the result (Table 11) it is observed that BRRI dhan28 had the highest plant height and  Binadhan-17 had the lowest. BRRI dhan28 matured earlier than other two entries (Binadhan-17 and Habu dhan). 
BRRI dhan28 and Habu dhan produced higher number of effective tillers. Habu dhan produced the highest seed yield (5.25 t/ha) followed by BRRI dhan28 (4.75 t/ha). Though BRRI dhan28 produced the lowest number of filled grains compare to other two entries but unfilled grain percentage was less. This trial was conducted by request of Ministry of Agriculture in Boro season. In case of Binadhan-17, it is a high yielding aman variety with less input fertilizer, water and very good test for eating quality. This trial can be repeated in next aman season. 
Table 11: Mean of yield and yield contributing characters of varieties and cutivar at  
                Bagharpara,  Jessor during Boro season 2016-17

	Mutant/variety
	Plant height
(cm)
	Days to maturity
	No. of tillers
	No. of effective tillers/plant
	No. of filled grains/ panicle
	No. of unfilled grains/ panicle
	Seed yield
(t/ha)

	BRRI dhan28
	94.6
	138
	11
	10
	108
	20
	4.75

	Binadhan-17
	91.6
	147
	10
	9
	165
	70
	4.50

	Habu dhan
	92.7
	147
	11
	10
	196
	78
	5.25



Evaluation of Salinity Tolerance in BC2F4 population (Binadhan-7/FL478) at seedling Stage
Salinity is considered as one of important physical factors influencing rice (Oryza sativa L.) production. The experiment was conducted at the glasshouse of Plant Breeding Division, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh from February 2017 to March 2017. From previous research works, based on phenotypic and genotypic evaluation two rice genotypes (where Binadhan-7 is short duration high yielding and FL-478 is salt tolerant) were selected as parents for introgression salt tolerant genes from tolerant to elite rice variety.
Thirty five BC2F4 lines along with four checks (Binadhan-8, Binadhan-10, Binadhan-7 and FL478) were used to evaluate salinity tolerance at the seedling stage. Salinity screening was done at the seedling stage using hydroponic system at BINA glasshouse following IRRI standard protocol (Table 12). These lines (BC2F4) differed significantly for salt tolerance at seedling stage. Based on 1-9 scale scoring, 12 lines were identified as salt tolerant, 15 were found susceptible and the other genotypes were highly susceptible (Table 13). The objective of this study was to evaluate the response of rice germplasm to salinity at the seedling stage.
Procedure:
· Evaluation of BC2F4 population at seedling stage using IRRI standard protocol
· Screening was done in the glasshouse on 35 rice germplasm with 2 replications
· Trays were filled with tap H2O   
· After 3 days, it was replaced with nutrient solution and salinized to EC 12 dS m-1 with crude salt
· pH was monitored every day and maintained at pH 5.1
· Nutrient solution was renewed and salinized every week
· The evaluation was done using Peter’s solution at the BINA glasshouse.
· Initial scoring was done after 2 wks of salinization and final scoring was done after 4 weeks
· Salinity tolerance was observed based on SES scores 
· Data were collected on root length, shoot length, shoot fresh weight and dry weight


Table 12: Modified standard evaluation score (SES) of visual salt injury at seedling stage 
              (Gregorio et al., 1997)

	Score
	Observation
	Tolerance

	1
	Normal growth, no leaf symptoms
	Highly tolerant

	3
	Nearly normal growth, but leaf tips of few leaves whitish and rolled
	Tolerant

	5
	Growth severely retarded, most leaves rolled; only a few are elongating
	Moderately tolerant

	7
	Complete cessation of growth; most leaves dry; some plants dying
	     Susceptible

	9
	Almost all plants dead or dying
	Highly susceptible
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Fig 1. Salinity tolerance screening setup at the seedling stage of the BC
2
F
4  
 population at BINA glasshouse
)
The morphological perform of the 35 BC2F4 lines varied widely under normal and salinized conditions at seedling stage. The performance of the germplasm with respect to shoot length (SL), root length (RT), shoot fresh weight (SFW), shoot dry weight (SDW) were significantly different from each other at both normal and salinized condition (Table: 13). 
Significantly higher percent of reduction in root length (RL) were observed in FL478 (64.83%), R278 (66.01%), R247 (61.47%), R167(59.54%), R240(59.79%), Binadhan-10 (62.38%). On the other hand lower percent reduction in shoot length (SL) in FL478 (38.27%), Binadhan-8 (34.10%), R238 (28.09%) was observed. 
Higher percent of reduction in shoot fresh wt (SFW) was found in FL478 (85.04%), R125 (84.69%), R181 (85.31%), R178 (87.87%), R167 (84.75%), R240 (92.10%), R238 (90.10%), R278 (90.10%), R271 (86.76%), R281 (90.79%), R277 (88.07%), R247 (89.51%).
Higher percent of reduction in shoot dry wt (SDW) were observed in FL478 (87.73%), R178 (89.26%), R19(85.82%), R240(91.11%), R278(91.31%), R272(89.06), R271(86.52%), R281(86.23%),R277(89.09%).
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Table 13: The effect of salinity on agronomic performances at the seedling stage of 35 BC2F4 population under normal and saline conditions.
	Entry

		RL (cm)
	SL (cm)
	FW (gm)
	DW (gm)
	Salinity scoring
	Tolerance

	
	Non-salinized
	Salnized
	% Reduction
	Non-salinized
	Salinized
	% Reduction
	Non-salinized
	Salinized
	% Reduction
	Non-salinized
	Salinized
	% Reduction
	
	

	R125
	23.33
	13.33
	42.86
	76.00
	29.33
	61.41
	11.11
	1.70
	84.70
	2.11
	0.34
	83.89
	5.00
	MT

	R1100
	20.33
	14.50
	28.68
	70.33
	36.88
	47.56
	6.38
	2.58
	59.56
	1.17
	0.57
	51.28
	5.00
	MT

	R181
	20.33
	14.33
	29.51
	73.33
	34.50
	52.95
	11.17
	1.64
	85.32
	2.03
	0.33
	83.74
	5.00
	MT

	R14
	15.33
	13.33
	13.05
	51.66
	32.83
	36.45
	2.55
	1.75
	31.37
	0.43
	0.29
	32.56
	7.00
	S

	R168
	20.66
	15.66
	24.20
	61.33
	34.33
	44.02
	4.41
	1.89
	57.14
	0.86
	0.39
	54.65
	3.00
	T

	R163
	23.33
	15.33
	34.29
	75.33
	33.66
	55.32
	7.01
	1.81
	74.18
	1.14
	0.35
	69.30
	5.00
	MT

	R198
	20.33
	13.33
	34.43
	74.00
	35.33
	52.26
	6.13
	1.54
	74.88
	1.21
	0.36
	70.25
	5.00
	MT

	R132
	23.66
	15.33
	35.21
	71.66
	35.66
	50.24
	5.33
	1.21
	77.30
	1.41
	0.25
	82.27
	5.00
	MT

	R11
	19.33
	15.00
	22.40
	73.00
	38.66
	47.04
	9.79
	2.22
	77.32
	1.77
	0.47
	73.45
	5.00
	MT

	R113
	24.33
	15.02
	38.27
	72.33
	34.66
	52.08
	11.66
	2.74
	76.50
	2.26
	0.58
	74.34
	5.00
	MT

	R178
	28.66
	17.00
	40.68
	68.66
	34.33
	50.00
	8.33
	1.01
	87.88
	2.05
	0.22
	89.27
	5.00
	MT

	R119
	28.33
	13.66
	51.78
	73.00
	28.00
	61.64
	6.79
	1.09
	83.95
	1.34
	0.19
	85.82
	7.00
	S

	R152
	34.33
	16.33
	52.43
	68.33
	30.33
	55.61
	6.33
	1.10
	82.62
	1.24
	0.24
	80.65
	9.00
	HS

	R166
	29.66
	15.66
	47.20
	63.66
	28.83
	54.71
	4.74
	1.09
	77.00
	0.81
	0.24
	70.37
	9.00
	HS

	R157
	32.33
	14.33
	55.68
	63.66
	38.83
	39.00
	4.87
	2.07
	57.49
	0.85
	0.53
	37.65
	5.00
	MT

	R167
	29.66
	12.00
	59.54
	68.00
	30.50
	55.15
	5.05
	0.77
	84.75
	0.91
	0.14
	84.62
	7.00
	S

	R127
	25.33
	17.33
	31.58
	66.00
	31.00
	53.03
	3.95
	1.31
	66.84
	0.71
	0.30
	57.75
	9.00
	HS

	R191
	27.00
	16.50
	38.89
	65.66
	32.50
	50.50
	6.81
	1.26
	81.50
	0.92
	0.26
	71.74
	9.00
	HS

	R24
	25.00
	14.66
	41.36
	66.33
	30.66
	53.78
	5.07
	1.47
	71.01
	0.86
	0.26
	69.77
	7.00
	S

	R240
	29.00
	11.66
	59.79
	78.00
	35.33
	54.71
	11.15
	0.88
	92.11
	2.25
	0.20
	91.11
	7.00
	S

	R238
	30.66
	12.66
	58.71
	40.33
	29.00
	28.09
	5.66
	0.89
	84.28
	1.31
	0.22
	83.21
	7.00
	S

	R278
	33.33
	11.33
	66.01
	71.33
	29.33
	58.88
	7.48
	0.74
	90.11
	1.16
	0.10
	91.38
	7.00
	S

	R272
	34.00
	14.50
	57.35
	72.00
	27.83
	61.35
	7.03
	1.29
	81.65
	1.28
	0.14
	89.06
	9.00
	HS

	R292
	23.66
	15.33
	35.21
	59.33
	31.66
	46.64
	4.21
	1.57
	62.71
	0.69
	0.32
	53.62
	5.00
	MT



Table 13: (Contd.) 
	Entry

	RL (cm)
	SL (cm)
	FW (gm)
	DW (gm)
	Salinity scoring
	Tolerance

	
	Non-salinized
	Salinized
	% Reduction
	Non-salinized
	Salinized
	% Reduction
	Non-salinized
	Salinized
	% Reduction
	Non-salinized
	Salinized
	% Reduction
	
	

	R261
	22.33
	20.66
	7.48
	61.66
	30.00
	51.35
	5.12
	1.12
	78.13
	0.88
	0.23
	73.86
	7.00
	S

	R232
	23.66
	16.66
	29.59
	61.66
	30.33
	50.81
	4.18
	1.74
	58.37
	0.74
	0.58
	21.62
	5.00
	MT

	R271
	29.00
	13.66
	52.90
	72.66
	28.66
	60.56
	7.48
	0.99
	86.76
	1.41
	0.19
	86.52
	7.00
	S

	R25
	28.00
	16.66
	40.50
	70.00
	35.66
	49.06
	6.40
	1.43
	77.66
	1.17
	0.36
	69.23
	5.00
	MT

	R281
	31.33
	13.33
	57.45
	72.00
	29.66
	58.81
	7.71
	0.71
	90.79
	1.38
	0.19
	86.23
	7.00
	S

	R277
	26.66
	16.33
	38.75
	74.33
	31.33
	57.85
	9.81
	1.17
	88.07
	2.11
	0.23
	89.10
	7.00
	S

	R247
	32.86
	12.66
	61.47
	73.33
	28.83
	60.68
	8.39
	0.88
	89.51
	1.77
	0.41
	76.84
	9.00
	HS

	R254
	18.00
	12.33
	31.50
	67.00
	35.33
	47.27
	6.15
	1.36
	77.89
	1.19
	0.27
	77.31
	7.00
	S

	R244
	18.00
	14.66
	18.56
	58.00
	35.83
	38.22
	-
	1.40
	-
	0.70
	0.21
	70.00
	7.00
	S

	R274
	30.00
	13.66
	54.47
	66.00
	31.16
	52.79
	-
	1.34
	-
	0.92
	0.26
	71.74
	7.00
	S

	R266
	24.00
	12.66
	47.25
	66.00
	27.00
	59.09
	-
	0.91
	-
	1.07
	0.18
	83.18
	9.00
	HS

	Binadhan- 8
	30.33
	16.66
	45.07
	71.33
	47.00
	34.11
	7.08
	3.47
	50.99
	1.27
	0.66
	48.03
	5.00
	MT

	Binadhan- 10
	31.00
	11.66
	62.39
	75.33
	39.00
	48.23
	8.88
	3.34
	62.39
	1.35
	0.61
	54.81
	3.00
	T

	Binadhan- 7
	29.00
	11.33
	60.93
	63.00
	31.33
	50.27
	5.69
	0.84
	85.24
	1.07
	0.16
	85.05
	9.00
	HS

	FL 478
	36.00
	12.66
	64.83
	81.00
	50.00
	38.27
	15.45
	2.31
	85.05
	3.67
	0.45
	87.74
	3.00
	T



T=Tolerant, MT=Moderately Tolerant, S=Susceptible, HS= Highly Susceptible
From this evaluation, out of 35 BC2F4 lines 14 lines along with three checks viz. FL478, R125, R1100, R181, R168, R163, R198, R132, R21, R113, R178, R157,  Binadhan-8, Binadhan-10, R292, R232, R25 showed higher tolerance to salinity at the seedling stage. The other lines showed 
susceptible. These sleeted lines will be put in natural saline field conditions for PVS trial at two locations (Satkhira sadar and shyamnagar) at Satkhira. The promising BC2F4 plants will be selected for further studies to identify QTLs for salt tolerance and proceed for variety release.
Evaluation of Near Isogenic lines against 20 isolates of Xanthomonas oryzae pv. oryzae 
Twenty nine near isogenic lines along with two susceptible check varieties (IR24 and TN1) were grown in seed bed and 21 day-old seedlings were transplanted in the pot of BINA HQs Mymensingh, Bangladesh during second week of November, 2016. Two seedlings of each line/strain were inoculated at maximum tillering stage (40 days after transplanting) to evaluate their reaction to bacterial blight. Inoculation was done 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. Twenty isolates of X. oryzae pv oryzae (Xoo) were used to inoculate each line to test for bacterial blight resistance genes Xa4, xa5, Xa7, xa13 and Xa21. Isolates were collected from the varieties of Binadhan-9, Binadhan-12, Binadhan-15, BR11, BR26, NERICA-10, Swarna, IR lines (Exotic lines) and BRRI dhan56 at different parts of Mymensingh, Chapainawabganj, Gopalganj, Godagari, Rajshahi, Magura and Comilla districts. 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. Description of the collected isolates and the results of interaction between Near Isogenic rice lines and X. oryzae pv. oryzae is shown in Table 14.
Phenotypic data showed varying levels of resistance to 17 isolates (Table 14). Three isolates did not response. Almost all the isolates showed lesion length is less than 5 cm i.e. resistant in IRBB21,  IRBB51 to IRBB66 except IRBB61 lines whereas other NIL lines showed somehow moderately susceptible to susceptible  i.e., lesion length was 10 to 15 cm or more.  



Table 14: Pathogenicity test of 17 BB isolate against NILs along with check varieties and their disease reaction during 2016-17

	Differential lines/checks
	BXO2016-1
	BXO2016-2
	BX02016-3
	BX02016-4
	BX02016-5
	BX02016-6
	BX02016-7
	BX02016-8

	IRBB1
	18.2
	25
	21.3
	24.2
	9.2
	10.0
	6.7
	18.0

	IRBB3
	8.9
	7.61
	8.21
	7.47
	11.27
	14.67
	6.67
	8.37

	IRBB4
	13.0
	12.4
	2.27
	1.13
	4.13
	12.45
	15.2
	7.40

	IRBB5
	18.0
	2.45
	2.94
	12.31
	7.84
	3.98
	14.55
	6.83

	IRBB7
	5.32
	4.21
	4.10
	3.20
	4.12
	5.23
	4.56
	14.16

	IRBB8
	8.32
	7.31
	9.15
	5.25
	11.16
	6.80
	13.36
	7.17

	IRBB10
	13.21
	4.37
	8.26
	11.19
	9.86
	12.67
	9.48
	11.83

	IRBB11
	19.33
	20.34
	14.03
	14.50
	13.46
	5.74
	11.34
	13.83

	IRBB13
	8.34
	13.60
	6.70
	10.90
	12.35
	11.20
	15.13
	11.07

	IRBB14
	12.21
	8.25
	11.16
	5.17
	13.44
	14.13
	6.25
	12.10

	IRBB21
	2.54
	4.67
	5.59
	6.40
	6.98
	2.44
	3.02
	1.21

	IRBB23
	4.56
	4.11
	5.75
	6.35
	12.30
	4.83
	9.93
	6.78

	IRBB50
	11.50
	5.53
	10.5
	9.50
	6.60
	7.33
	9.35
	10.31

	IRBB51
	2.12
	3.87
	2.45
	5.01
	3.13
	5.06
	3.98
	4.31

	IRBB52
	4.21
	7.15
	2.63
	1.26
	3.24
	2.11
	3.25
	3.84

	IRBB53
	2.56
	6. 02
	2.21
	3.06
	3.33
	4.57
	3.63
	4.10

	IRBB54
	4.50
	2.48
	2.40
	4.10
	2.31
	2.85
	5.12
	4.39

	IRBB55
	3.25
	3.48
	6.83
	3.50
	3.50
	2.94
	3.50
	4.43

	IRBB56
	2.44
	2.84
	2.54
	4.23
	3.06
	2.17
	3.45
	6.17

	IRBB57
	0.62
	2.13
	0.60
	0.96
	1.63
	0.57
	0.31
	0.48

	IRBB58
	0.24
	1.30
	2.39
	1.60
	2.65
	1.04
	1.13
	0.53

	IRBB59
	1.53
	0.27
	0.47
	0.56
	1.43
	1.46
	2.56
	3.23

	IRBB60
	2.24
	2.64
	1.70
	2.83
	2.80
	0.61
	1.50
	1.06

	IRBB61
	11.54
	9.67
	7.87
	9.50
	8.64
	8.13
	5.67
	19.4

	IRBB62
	5.10
	2.67
	6.10
	4.53
	2.93
	0.21
	0.23
	3.36

	IRBB 63
	4.11
	0.50
	1.93
	1.03
	4.30
	1.63
	4.26
	4.36

	IRBB64
	2.94
	3.45
	1.21
	2.00
	1.63
	1.80
	4.07
	0.73

	IRBB65
	3.59
	2.67
	2.08
	4.20
	3.78
	1.61
	3.20
	3.90

	IRBB66
	2.45
	3.06
	3.36
	2.50
	6.13
	3.23
	1.20
	3.03

	IR24 (Suscep. check)
	19.00
	19.26
	24.50
	10.34
	17.33
	12.33
	21.34
	19.60

	TN1(Suscep. check)
	21.2
	26.0
	14.2
	15.3
	18.5
	23.1
	23.0
	12.34















Table 14: (Contd.)

	Differential lines/checks
	BX02016-9
	BX02016-11
	BX02016-13
	BX02016-14
	BX02016-15
	BX02016-16
	BX02016-17
	BX02016-18
	BX02016-20

	IRBB1
	21.0
	20.4
	18.0
	17.4
	23.0
	26.0
	28.0
	24.2
	19.4

	IRBB3
	16.02
	11.06
	9.23
	5.45
	8.16
	11.58
	4.15
	16.31
	15.03

	IRBB4
	5.06
	12.63
	7.38
	4.23
	5.11
	12.39
	5.6
	7.57
	4.49

	IRBB5
	2.53
	5.43
	3.75
	13.67
	6.33
	10.43
	5.53
	4.65
	3.64

	IRBB7
	1.90
	12.36
	12.29
	4.19
	22.10
	11.16
	4.50
	12.25
	9.23

	IRBB8
	14.73
	8.33
	10.16
	7.29
	21.43
	18.15
	14.73
	7.50
	11.74

	IRBB10
	19.70
	13.26
	10.23
	6.80
	12.93
	11.63
	9.45
	10.92
	15.26

	IRBB11
	13.13
	14.95
	12.66
	5.97
	13.40
	14.83
	13.23
	13.20
	15.14

	IRBB13
	12.54
	4.32
	9.21
	7.45
	6.57
	9.02
	15.00
	11.93
	9.34

	IRBB14
	9.05
	8.46
	7.26
	5.10
	3.54
	2.45
	8.91
	12.03
	12.41

	IRBB21
	8.63
	12.13
	10.16
	4.09
	4.06
	2.46
	9.63
	13.67
	11.46

	IRBB23
	12.43
	7.17
	8.53
	11.24
	9.90
	11.39
	12.43
	15.66
	12.26

	IRBB50
	10.75
	9.33
	16.33
	20.33
	19.33
	14.66
	12.00
	11.33
	13.17

	IRBB51
	11.86
	2.23
	4.14
	4.50
	4.03
	2.13
	1.86
	1.50
	2.54

	IRBB52
	3.02
	4.67
	2.34
	1.98
	3.16
	3.20
	4.34
	3.17
	4.37

	IRBB53
	4.66
	1.06
	3.26
	3.87
	3.59
	2.26
	4.66
	2.66
	2.94

	IRBB54
	3.19
	3.95
	2.40
	4.14
	3.16
	4.23
	2.94
	1.43
	2.57

	IRBB55
	4.80
	4.16
	1.84
	1.59
	7.59
	1.80
	2.64
	3.26
	3.43

	IRBB56
	2.86
	7.30
	4.12
	3.23
	3.10
	5.20
	4.86
	1.97
	3.21

	IRBB57
	2.13
	3.94
	3.87
	4.26
	4.20
	2.73
	1.13
	5.67
	4.06

	IRBB58
	4.93
	4.64
	2.33
	2.19
	3.51
	3.13
	4.13
	0.94
	2.16

	IRBB59
	3.30
	3.25
	3.12
	4.07
	3.67
	2.76
	1.30
	2.46
	0.97

	IRBB60
	1.73
	2.79
	3.90
	2.96
	2.35
	4.13
	4.03
	3.26
	2.30

	IRBB61
	5.93
	7.67
	12.16
	13.21
	12.03
	14.96
	13.33
	24.67
	21.17

	IRBB62
	0.20
	2.03
	1.87
	2.50
	4.36
	3.16
	2.16
	0.23
	2.57

	IRBB 63
	2.13
	2.50
	3.85
	0.80
	1.95
	
	3.84
	5.36
	5.34

	IRBB64
	1.90
	3.26
	4.34
	0.27
	4.60
	2.60
	1.80
	2.45
	3.20

	IRBB65
	3.23
	1.54
	2.10
	0.25
	2.64
	
	3.56
	3.40
	2.34

	IRBB66
	4.25
	2.14
	4.16
	3.83
	4.31
	1.96
	5.20
	4.43
	3.40

	IR24(Suscep. check)
	16.16
	22.33
	17.67
	13.33
	11.67
	18.34
	15.16
	19.33
	13.67

	TN1(Suscep. check)
	25.3
	14.1
	27.1
	24.7
	19.6
	22.6
	27.1
	24.7
	22.6



Growing of M3 generation of dual tolerant rice in Boro season
M3 variants were developed from dual tolerant (Salinity and submergence) advanced line RC251 were grown in plant-progeny-rows for selecting desirable mutants at BINA HQs farm, Mymensingh. A total of 64 mutant variants were selected for further selection in M4 generation.



T. AMAN
Advance yield trial with M5 Kasalath mutants
Seeds of two carbon ion beams irradiated M5 populations of Kasalth derived from 60 and 80Gy doses were sown during 29 June to 03 July 2016 and seedlings were transplanted during 24 July to 7 August 2016 (Table 1) along with a check variety BRRI Dhan49 at 15 cm distance within rows of 20 cm apart. The experiment followed RCB design with three replications. The size of the unit plots were 5.0 m × 4.0 m. 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 1.0 m2 which was later converted to t ha-1. Finally, all the recorded data were subjected to proper statistical analyses as per design used and are presented in Table 15.
Table 15: Date of sowing and transplanting of two M5 Kasalath mutants and check variety at different locations of Bangladesh
	Location
	Date of sowing
	Date of transplanting
	Seedling age
(days)

	BINA HQ farm, Mymensingh
	1 July 2016
	7 August 2016
	38

	BINA sub-station farm, Nalitabari
	3 July 2016
	27 July 2016
	25

	BINA sub-station farm, Rangpur
	29 June  2016
	24  July 2016
	26

	BINA sub-station farm, Magura
	2 July  2016
	29  July 2016
	28



It appeared that both the mutants had significantly taller plant height and longer panicle length at all locations than the check variety, BRRI dhan49 (Table 16). The mutant RM-Kas-60(C)-1 matured 3-8 days earlier but the other mutant RM-Kas-80(C)-1 matured 2-10 days earlier than the check variety. Grain yield of the mutant RM-Kas-80(C)-1 was considerably higher at all locations than the other mutant and also from the check variety BRRI dhan49 except BINA sub-station farm, Rampur. Here it is important to note that it was visually observed that both the mutants produced longer panicles and increased number of tillers at the border of the plots but in the inner part of the plots produced comparatively smaller panicles and lower number of tillers indicating the mutants faced higher competition for space and nutrient for the lower spacing of 20 cm ×15 cm. Therefore, this experiment will be repeated in the next T. aman season following the spacing of 20 cm × 20 cm to see the performance of the mutants.
Table 16:  Yield and yield attributes of two M5 Kasalath mutants along with BRRI dhan49 in T. aman season, 2016-17
	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)

	BINA HQ farm, Mymensingh

	RM-Kas-60(C)-1
	132
	120.27
	10.60
	27.40
	119.67
	40.40
	5.60

	RM-Kas-80(C)-1
	132
	114.53
	10.47
	26.53
	102.93
	44.33
	5.67

	BRRI dhan49
	138
	104.73
	10.53
	23.53
	127.33
	33.00
	5.70

	LSD(0.05)
	
	3.73
	NS
	0.79
	21.43
	11.89
	NS

	Nalitabari sub-station farm, BINA

	RM-Kas-60(C)-1
	132
	130.78
	10.07
	28.10
	124.53
	41.67
	5.73

	RM-Kas-80(C)-1
	130
	134.37
	10.27
	28.47
	127.07
	41.79
	5.97

	BRRI dhan49
	140
	113.67
	11.00
	22.73
	137.37
	24.3
	5.77

	LSD(0.05)
	
	5.99
	NS
	1.543
	12.61
	14.59
	NS

	Rangpur sub-station farm, BINA

	RM-Kas-60(C)-1
	127
	123.27
	10.07
	     24.73
	108.73
	32.20
	4.65

	RM-Kas-80(C)-1
	130
	118.67
	10.00
	24.40
	100.00
	47.13
	5.02

	BRRI dhan49
	134
	106.53
	10.07
	22.67
	120.40
	25.86
	5.75

	LSD(0.05)
	
	2.41
	NS
	    1.43
	1.43
	1.43
	0.32

	Magura Sub-station farm, BINA

	RM-Kas-60(C)-1
	128
	116.13
	8.87
	25.53
	94.60
	19.07
	4.32

	RM-Kas-80(C)-1
	129
	114.60
	8.87
	26.20
	101.20
	17.27
	4.77

	BRRI dhan49
	131
	98.33
	9.53
	22.80
	97.00
	12.27
	4.37

	LSD(0.05)
	
	7.99
	NS
	2.31
	47.84
	3.22
	NS



Advance yield trial with some aromatic rice lines
Seeds of three aromatic rice lines along with a check variety, Binadhan-9 were sown on 21 July and seedlings were transplanted on 24 August 2016 at BINA HQ farm, Mymensingh 15 cm distance within rows of 20 cm apart. The experiment followed RCB design with three replications. The size of the unit plots were 4.0 m × 4.0 m. 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 1.0 m2 which was later converted to tha-1. Finally, all the recorded data were subjected to proper statistical analyses as per design used and are presented in Table 17.


Table 17:  Yield and yield attributes of some aromatic rice lines along with Binadhan-9 in T. aman season, 2016-‘17
	Line/check
	Days to maturity
	Plant height (cm)
	Effective tillerplant-1 (no.)
	Panicle length (cm)
	Filled grains
panicle-1 (no.)
	Unfilled grains
panicle-1 (no.)
	Yield (tha-1)

	Bina-9-1
	128.00
	117.46
	6.73
	24.00
	38.86
	47.26
	3.26

	Bina-9-4
	115.00
	105.00
	12.06
	27.53
	114.86
	38.60
	3.40

	Bina-9-7
	128.00
	96.60
	10.06
	24.06
	115.26
	31.73
	4.77

	Binadhan- 9
	115.00
	104.80
	9.60
	26.93
	116.00
	38.00
	2.93

	LSD(0.05)
	
	1.24
	1.43
	2.01
	8.74
	8.20
	0.41



It appears that the aromatic rice line Bina-9-7 had significantly the shortest height of all (Table 17). But height of the rice line Bina-9-4 did not differ significantly with that of the check variety Binadhan-9 (Table 17). In contrast, the other rice line Bina-9-1 had significantly the tallest height of all.  The rice line Bina-9-4 had significantly the highest number of effective tiller and also the longest panicle length, although the panicle length of Bina-9-4 did not differ significantly with the check variety, Binadhan-9. Filled grains panicle-1 was the highest in the check variety, Binadhan-9 which did not differ significantly with the rice lines Bina-9-7 and Bina-9-4 (Table 17). The remainder mutant Bina-9-1 had the lowest number of filled grains and hence the highest number of unfilled grains and the lowest yield ha-1. The lowest number of unfilled grains panicle-1 was found in the rice line Bina-9-7 and thus it had the highest yield ha-1(Table 17). Unfilled grain number of the remainder mutant Bina-9-4 did not differ significantly with the check variety and hence yield ha-1 also. This means the unfilled grain number panicle-1 is the determinant of yield in this experiment. Finally, considering yield ha-1, the rice lines Bina-9-4 and Bina-9-7 were selected for further confirmation in the next Boro season.
Advance yield trial with M6 mutants of deep water rice under deepwater condition 
This experiment was conducted to assess yield and maturity under deepwater condition of four M6 mutants like LD-200-1-1-1, LD-200-1-1-2, LD-200-1-3-1 and LD-200-1-3-2 derived from irradiating the seeds of a local deep water rice cv. Luxmi digha with 200 Gy doses of gamma rays. The seeds were sown following dibbling method at 15 cm distance within rows of 20 cm apart on 04 May 2016 at BINA sub-station farm, Barisal along with the parent. The experiment followed RCB design with three replications. A unit plot size was 2.0 m× 2.0 m. 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.  
During the harvesting period, the plants of the mutants showed segregations for grain size, shape and awn. Therefore, to remove the segregations, single panicle from 6 plants  of LD-200-1-1-1, 39 plants of LD-200-1-1-2, 32 plants from LD-200-1-3-2 and 20 plants from LD-200-1-3-3 were collected.  These 97 plant progenies along with the parent Luxmi digha will be screened and evaluated under natural and artificial deepwater conditions following plant-progeny-rows in the next T.aman season.
Screening of gamma ray irradiated M3 population of BR-11 in T. aman season
The seeds of three M3 populations like BR11-250-1, BR11-300-1 and BR11-300-2 derived from 250 Gy and 300 Gy doses, respectively were sown on 21 July and seedlings were transplanted on 17 August 2016 along with the parent BR-11 at BINA HQ farm, Mymensingh following non replicated design at 15 cm distance within rows of 20 cm apart.  A unit plot comprised 6 rows of 3.0 m length. 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.   Single panicle from 11 plants from each of BR11-300-1 and BR11-300-2 were collected.  These 22 progenies along with the parent BR11 will be screened and evaluated for short duration and high yielding mutants following plant-progeny-rows in the next T.aman season.

Screening and evaluation of M2 population of Biroi rice in T. Aman season
To select lodging resistant plants/progenies with shorter duration and higher yield but keeping the quality same as the parent, seeds of four individual plants with change in grain shape, size and color  obtained in M1 generation from 250 Gy dose of gamma ray designated as Biroi-250-1, Biroi-250-2, Biroi-250-3 and Biroi-250-4, two plants from 300 Gy dose of gamma ray  designated as Biroi-300-1 and Biroi-300-2 were sown on 21 July. Seedlings were transplanted on 16 August 2016 along with the parent Biroi at BINA HQ farm, Mymensingh following plant-progeny-rows at 15 cm distance within rows of 20 cm apart. A unit plot comprised 6 rows of 2.0 m length. Moreover, seeds of 150, 200 and 250 Gy doses irradiated bulk populations of  Biroi were also sown on the same at BINA HQ farm, Mymensingh and transplanted on 16 August 2016 date in separate plots. The plot size was 3.0 m× 4.0 m. 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. 
Based on shorter plant height, shorter maturity period and higher filled grains plant-1 than the parent, five plants were selected from Biroi-250-2, one plant from Biroi-250-4 and two plants from Biroi-300-2 progenies. Additionally, eight individual plants were selected from 200 Gy and three plants from 250 Gy dose irradiated bulk populations.
Growing of recurrent gamma ray irradiated populations of BR 11, BRRI dhan49 and Swarna
 
The M1 seeds derived from gamma irradiation with 150 Gy to BR11 and BRRI dhan49  were re-irradiated with 150 Gy dose of gamma rays  and immediately sown on 30 July at BINA HQ farm, Mymensingh and were transplanted on 30 August 2016 in separate plots following non replicated design at 15 cm distances within rows of 20 cm apart. Additionally, a recurrent re-irradiated population of Swarna with 20 Gy +20 Gy carbon ion beams was further irradiated with 200 Gy dose of gamma rays from the 60Co source of BINA and immediately sown on 30 July and seedling were transplanted on 30 August 2016 at BINA HQ farm, Mymensingh following non replicated design at 15 cm distance within rows of 20 cm apart.  In all cases, the plot size was 3.0 m × 2.0m. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied0 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 grains panicle-1 were recorded from five randomly selected competitive plants. The recorded data are presented in Table 18.
It appears that plant height, panicle length and number of filled grains decreased gradually with increase of recurrent dose of gamma rays although the number of effective tiller did not follow any consistent trend (Table 18). Maturity period was increased in the recurrent irradiated population than that of control. However, during harvest, seeds of all individual plants were massed dose wise for each variety to screen in the following generation.

Table 18:  Responses of the rice varieties BR11, BRRI dhan49 and Swarna to recurrent gamma ray irradiation
	Parent  variety
	Recurrent carbon ion and gamma ray dose (Gy)
	Plant height (cm)
	Effective tiller plant-1 (no.)
	Panicle length(cm)
	Filled grains panicle-1(no.)
	Maturity period  
( days)

	BR 11
	 0
	114.2
	8.4
	26.6
	134.0
	129

	
	150+150
	121.6
	7.2
	22.8
	104.2
	139

	
	150+200
	119.2
	7.6
	22.6
	94.8
	139

	
	150+250
	120.0
	8.4
	22.8
	99.8
	139

	BRRI dhan49
	0
	101.6
	10.4
	24.0
	143.0
	134

	
	150+150
	114.4
	11.0
	23.6
	126.0
	144

	
	150+200
	113.0
	11.0
	23.8
	113.8
	144

	
	150+250
	104.6
	10.4
	22.6
	103.2
	144

	Swarna
	0
	98.4
	10.0
	23.8
	144.6
	139

	
	20+20+200
	98.6
	10.2
	23.0
	136.8
	144



Growing of M1 generation of Tulshimala and Badshabhog
With a view to improve yield potential, shortening of maturity period and induction of lodging resistance keeping the aroma unchanged, dry seeds of  the aromatic land races Tulshimala and Badshabhog were irradiated with 150, 200, 250 and 300 Gy doses of gamma rays from the 60 Co source of BINA. For each dose 100 g seeds of both Tulshimala and Badshabhog were used. Immediately after irradiation, the seeds were sown in pots dose and variety wise, separately, on 30 July and transplanted on 30 August 2016 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 applied0 in the form of Urea, TSP, MoP, Gypsum and Zinc sulphate. Cultural and intercultural practices were followed as and when necessitated. At maturity, seeds of all plants were massed together dose and variety wise separately to screen and evaluate in the next generation.
BORO
On-farm and on-station trial with a short duration high yielding M9 mutant line
This experiment was carried out with a short duration and high yielding mutant RM-40(C)-4-2-8 derived from irradiating the seeds of BRRI dhan29 with carbon ion beams, to assess the yield potential over locations. The short duration Boro rice variety, BRRI dhan28 was used as a check. Seeds were sown on 27 November 2016 and transplanted during on 9 January 2017. This experiment was supposed to carry out at several on-station and on-farm locations, but due to failure of seed germination this experiment was set only at BINA HQ farm, Mymensingh. The experiment followed RCB design with four replications. The size of the unit plots were 4.0 m × 4.0 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, 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 t ha-1. Finally, all the recorded data were subjected to proper statistical analyses and are presented in Table 19.
Table 19: Yield and yield attributes of a short duration high yielding mutant line along with BRRI dhan28 at BINA farm, Mymensingh 
	Mutant/variety
	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)

	RM-40(C)-4-2-8
	154
	115.2
	6.55
	26.45
	137.3
	104.05
	6.2

	BRRIdhan28
	154
	89.9
	10.95
	21.9
	118.85
	18.2
	6.1

	LSD(.05)
	-
	2.26
	1.67
	1.81
	20.94
	28.35
	NS


NS- not significant
It appears that the duration of the mutant and check variety was similar (Table 5). But the mutant had longer panicle length and more number of filled grains and yield despite the yield of the mutant did not differ significantly with the check variety, BRRI dhan28. For confirmation and to see the results over different locations, this experiment will be repeated in the next Boro season.
Regional yield trial with two aromatic rice lines
This experiment was carried out to assess the yield potential of two aromatic rice lines. These lines were derived from a segregant of Binadhan-9. The seeds of the lines along with parent variety Binadhan-9 were sown on 19 December 2016 and transplanted to the field on 5February 2017. This experiment was also supposed to carry out at several locations but due to shortage of seeds it was set only at BINA HQ farm, Mymensingh.The experiment followed RCB design with three replications. The size of a unit plot was 4.0 m × 4.0 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 20. 
Table 20: Yield and yield attributes of two aromatic rice lines along with parent variety Binadhan-9 in Boro season 201-‘17
	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)

	Bina- 9-4
	152
	113.2
	10.86
	25.66
	74.4
	45.87
	4.0

	Bina- 9-7
	152
	100.6
	11.13
	25.27
	87.0
	30.33
	5.0

	Binadhan-9
	152
	108.7
	10.87
	26.60
	69.6
	44.73
	4.03

	LSD(.05)
	-
	2.10
	NS
	NS
	2.31
	2.88
	0.59


NS- not significant
It is revealed that the duration of the aromatic rice lines and check variety was similar (Table 6). Similarly, number of effective tiller and panicle length of the tested rice lines appeared statistically indifferent with the check variety, Binadhan-9. In case of plant height, the aromatic rice line Bina-9-7 had the shortest height but the highest filled grains and the lowest unfilled grains panicle-1. Finally, yield of the tested lines was significantly the highest in Bina-9-7 but that of the other line did not differ significantly with the check variety. 

Screening and evaluation of M3 population of Biroi in Boro season
To select lodging resistant population with shorter duration and higher yield but keeping the grain color and quality same as the parent, seeds of eight M3 plants derived from bulk population of 200 Gy, 3 plants  from bulk population of 250Gy,  five plants from Biroi-250-2, one plant from Biroi-250-4 and two plants from Biroi-300-2 were sown on 17 January and seedlings were transplanted on 15 February 2017 along with the parent Biroi at BINA HQ farm, Mymensingh following plant-progeny-rows at 15 cm distance within rows of 20 cm apart. A unit plot comprised a row of 3.0 m length. 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. 
Based on reddish grain color, shorter plant height and maturity period, and higher filled grains plant-1 than the parent, 15 plants from the bulk population of 200 Gy and 19 plants from Biroi-250-2 were selected. 


Growing of F1 generation of Binadhan-7 × Biroi cross
With a view to improve the local land race Biroi  for yield, lodging resistance and  duration keeping the grain color quality as Biroi, a hybridization program was carried out in the T. aman season, 2016-‘17 between Binadhan-7 and Biroi. Two F0 seeds were sown on 10 January 2017 in pots along with the parents at BINA HQ pot yard. Seedlings were transplanted on 13 February 2017 at BINA HQ farm, Mymensingh. 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. 
Both the plants obtained from the two F0 seeds flowered and matured in 142 days unlike the photoperiod sensitive parent, Biroi. But the other photoperiod insensitive parent, Binadhan-7 flowered and matured in 115 days (data not shown). This implies that both the plants are F1 of the cross Binadhan-7× Biroi. Moreover, the plant height, effective tiller number, panicle length, filled and unfilled grains plant-1 of the two plants were not exactly like  Binadhan-7 ( Table 21). This also proves that both the plants are F1 of the cross Binadhan-7× Biro.
Table 21: Yield and yield attributes of two F1 lines derived from the cross between Binadhan-7× Biroi 
	Plant 
	Days to maturity
	Plant height (cm)
	Effective tillerplant-1 (no.)
	Panicle length (cm)
	Filled grain
panicle-1 (no.)
	Unfilled grain
panicle-1(no.)

	P-1
	142
	130
	20
	33
	130
	38

	P-2
	142
	132
	22
	33
	140
	29



Screening and evaluation of M2 population of Tulshimala in Boro season
With a view to select plants with improve yield potential, shorter maturity period and lodging resistant keeping the aroma unchanged, a plant found in M1 generation with abrupt change in plant height, grain shape and sizes from 300 Gy dose of Tulshimala were sown on 10 January and seedlings were transplanted on 13 February 2017at BINA HQ farm, Mymensingh following plant-progeny-rows at 15 cm distance within rows of 20 cm apart. There were four rows of 3.0 m length. Recommended doses of nitrogen, phosphorus, potassium, sulphur and zinc were applied0 in the form of Urea, TSP, MoP, Gypsum and Zinc sulphate. Cultural and intercultural practices were followed as and when necessitated. At maturity, seeds from one panicle hill-1 were massed together to screen and evaluate in the next generation.


WHEAT
 Screening and evaluation of M3 population of wheat 
With the objectives of selecting high yielding mutants with heat tolerance and shorter duration, the seeds of 53 M3 populations along with their respective parents were sown on 15 December 2016 at BINA HQ farm, Mymensingh following plant- progeny- rows  at 5 cm distances within rows of 20 cm apart.. There were 12 population of Prodip (150Gy- 10 and 200 Gy- 2), 28 of BARI Gom-25 (150Gy- 22, 200 Gy- 2, 250 Gy- 3, 300 Gy- 1) and 13 of GP from 150 Gy. Recommended doses of fertilizers were applied and cultural and intercultural practices were also followed. Data on plant height, tiller number, spike length, grain number and 1000 grain weight were recorded from randomly selected five competitive plants after harvest. 
Based on higher tiller number, longer panicle length, higher number of grains and 1000-grain weight, one population from 150 Gy dose irradiated Prodip, four population from 150 Gy dose irradiated  BARI Gom-25 and six population from 200 Gy irradiated Germplasm were selected   (Table 22). All these selections will be evaluated for short duration, higher yield together with heat and drought tolerances in the next year.
Table 22:  Yield and yield contributing characters of some M3 population Pradip, BARI Gom-25 and a Germplasm line
	Mutant/check 
	Plant height (cm)
	Tiller (no.)
	Spike length (cm)
	Grain spike-1 (no.)
	1000 seed weight (g)

	P1/15/67
	85.0
	11.0
	13.0
	30.0
	47.0

	BG25/15/82
	75.0
	6.0
	12.0
	50.0
	40.0

	BG25/15/102
	75.0
	5.0
	10.0
	41.0
	38.0

	BG25/15/152
	73.0
	9.0
	10.0
	34.0
	40.0

	BG25/15/242
	72.0
	13.0
	10.0
	40.0
	35.0

	GP/20/36
	60.0
	9.0
	6.0
	25.0
	30.0

	GP/20/38
	52.0
	10.0
	10.0
	13.0
	28.0

	GP/20/64
	60.0
	8.0
	10.0
	20.0
	35.0

	GP/20/99
	60.0
	8.0
	8.0
	8.0
	30.0

	GP/20/144
	40.0
	6.0
	8.0
	18.0
	33.0

	GP/20/161
	48.0
	4.0
	6.0
	30.0
	38.0

	Prodip(P)
	85.0
	12.0
	12.0
	25.0
	42.0

	BARI Gom-25 (P)
	73.0
	10.0
	9.0
	33.0
	42.0

	GP (P)
	60.0
	8.0
	5.0
	6.0
	45.0

	SE
	13.46
	2.62
	2.39
	12.80
	5.79



RAPESEED-MUSTARD  
Preliminary yield trial with F5 rapeseed lines
Five F5 rapeseed lines (Tori-7 × Binasharisha-4) were evaluated through the on-station trial. The trial was conducted at the experimental farms of BINA Headquarters, Mymensingh and BINA sub-stations at Ishurdi, Nalitabari and Magura. The experiment was laid out in a randomized complete block design with three replications. Seeds were sown on mid November 2016 at BINA Headquarters and mid week of October 2016 at Ishurdi, Nalitabari and Magura. Unit plot size was 20m2 (5m  4m) with 25cm line to line spacing and 6-8cm from plant to plant within line. 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 days to maturity 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 23. Significant variations were observed among the lines and the check varieties for all of the characters in both of individual location and combined over locations. On an average, maturity period varied from 99days in Binasarisha-4 while Tori-7 required 72 days. RL-04 had the highest plant height (10cm) having significant difference with the other four F5 lines. Tori-7 produced the shorter plant height (94cm). RL-04 produced higher number of siliquae plant-1 where RL-03produce higher seed yield 1370kgha-1. The number of seeds siliqua-1 ranges from 13.9 in RL-01 to 19.06 in Binasarisha-4. Tori-7 produced the lowest amount of seed 1000kg ha-1. Among the four locations, better performance was observed at Ishurdi. 
Table 23: Means of F5 rapeseed mutants and check varieties for different characters 2016-17

	[bookmark: OLE_LINK1]Locations
	Mutants/ varieties
	Plant height (cm)
	Branches
plant-1 (no.)
	Siliquae plant-1 (no.)
	Siliquae
length
	Seeds siliquae-1 (no.)
	Seed yield (kg ha-1)
	Days to maturity

	BINA Headquarters
	RL-01
	110b
	7.33b
	129.67a
	5.6a
	13a
	950b
	77bc

	
	RL-02
	104c
	9a
	123.33b
	6.18a
	11a
	1200a
	81b

	
	RL-03
	93de
	9a
	129aa
	5.34a
	13.44a
	1260a
	77bc

	
	RL-04
	117a
	9.33a
	123.33b
	5.9a
	13.78a
	1220a
	76bc

	
	RL-05
	100d
	6.67c
	121.33b
	5.06a
	10a
	910b
	81b

	
	BINA-4
	90e
	8.67ab
	120.67b
	5.7a
	12.11a
	950b
	93a

	
	Tori-7
	95de
	7.67b
	104c
	5.39a
	11.87a
	940b
	72c

	Ishurdi
	RL-01
	81b
	5.0a
	80.8bc
	6.1a
	17.4b
	1190b
	76d

	
	RL-02
	85b
	4.6b
	77.4bc
	5.3b
	16.8b
	1510a
	82b

	
	RL-03
	87b
	5.6a
	104.0a
	4.6c
	14.0c
	1910a
	76d

	
	RL-04
	93d
	5.6a
	90.2b
	5.4b
	14.6c
	1720a
	80b

	
	RL-05
	90b
	6.4a
	119.6a
	5.3b
	16.2b
	1010b
	79c

	
	BINA-4
	95a
	2.8c
	82.4bc
	6.6a
	21.8a
	1100b
	92a

	
	Tori-7
	70c
	2.6c
	71.0c
	5.0c
	20.2a
	1010b
	70e

	
Magura
	RL-01
	103a
	5.10a
	78.77bc
	4.57b
	15.27
	1290a
	84b

	
	RL-02
	104a
	4.67ab
	67.83cd
	5.43ab
	16.13
	1150b
	83b

	
	RL-03
	104a
	4.03bc
	69.33cd
	4.91b
	16.33
	1190ab
	83b

	
	RL-04
	95ab
	3.33cd
	95.33a
	5.07b
	16.00
	1270a
	83b

	
	RL-05
	107a
	5.27a
	94.40ab
	4.86b
	19.80
	1100b
	83b

	
	BINA-4
	103a
	2.50d
	59.13d
	6.21a
	19.73
	1100b
	99a

	
	Tori-7
	80b
	3.40cd
	72.90cd
	4.62b
	15.13
	1080b
	72c

	Nalitabari
	RL-01
	103a 
	8.44a
	140.7ab
	5.70 c
	12.48d
	1140a
	79b

	
	RL-02
	102a 
	8.22a
	148.44a
	5.55 c
	11.96d
	1020a
	78c

	
	RL-03
	104 a
	7.33b
	114.8bc
	6.47 b
	13.96c
	1130a
	79c

	
	RL-04
	99a
	6.44c
	108.5bc
	6.18 b
	14.0b
	1120a
	80b

	
	RL-05
	97 a
	7.59b
	125.33b
	5.82 c
	13.92c
	1140a
	80b

	
	BINA-4
	93 a
	6.67c
	90.55c
	8.76 a
	22.63a
	1100a
	93a

	
	Tori-7
	91a
	6.33c
	107.2bc
	6.01 b
	13.21c
	980a
	74c

	Combined means over locations
	RL-01
	99a
	6.46a
	112.47b
	5.47a
	14.53b
	1140c
	79b

	
	RL-02
	99a
	6.62a
	106.75c
	5.61a
	13.97b
	1220b
	81b

	
	RL-03
	97a
	6.49a
	106.77c
	5.33a
	14.43b
	1370a
	78b

	
	RL-04
	101a
	6.17a
	119.35a
	5.63a
	14.59b
	1330a
	79b

	
	RL-05
	99a
	6.48a
	120.16a
	5.26a
	14.98b
	1040d
	80b

	
	BINA-4
	95a
	5.16b
	88.18d
	6.81a
	19.06a
	1060d
	94a

	
	Tori-7
	84b
	5b
	88.78d
	5.25a
	15.10b
	1000d
	72c

	Location means

	Head
	101a
	8.23a
	138.76a
	5.59b
	12.17
	1060c
	79b

	
	Magura
	99a
	4.04b
	76.81d
	5.08b
	16.91
	1160b
	83a

	
	Isd
	86b
	4.65b
	89.34c
	5.47b
	17.28
	1350a
	79b

	
	Nalitabari
	98a
	7.28a
	119.36b
	6.35a
	14.59
	1090c
	80a


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

On-station yield trials with M5 advanced rapeseed (B. napus ver yellowish) mutants 
Five M5 rapeseed mutants along with mother variety BARI sarisha-15 were evaluated through the trial. The trial was conducted at the experimental farms of BINA Headquarters, Mymensingh and BINA sub-stations at Ishurdi, Nalitabari and Magura. The experiment was laid out in a randomized complete block design with three replications. Seeds were sown within mid week of October 2016. The unit plot size was 20 m2 (5 m × 4 m) with 25 cm 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 days to maturity 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 appropriate statistical analyses were performed for comparison of means of each character.
The results of individual location and combined over four locations for all the characters are presented in Table 24. Most of the characters showed significant differences among the mutants and check for both individual location and combined over locations. On an average, BARIsarisha-15 produced the highest plant height (103cm). BARIsarisha-15 produced higher number of siliqua plant-1 (81), RM-8 produced higher seed yield 1110kg ha-1. BARIsarisha-15 required 85 days for their maturity while RM-3 required 79 days. Among the three locations, yield performance was better at Ishurdi.
Table 24: Mean of M8 rapeseed mutants and check variety of mustard for different characters
	Locations
	Mutants/ varieties
	Plant height (cm)
	Branches
plant-1 (no.)
	Siliquae plant-1 (no.)
	Siliquae
length
	Seeds siliquae-1 (no.)
	Seed yield (kg ha-1)
	Days to maturity

	BINA Headquarters
	RM-3
	99a
	6.67a
	76b
	6.47a
	20a
	1000a
	74b

	
	RM-5
	90a
	6.33a
	82ab
	6.37a
	19a
	770b
	83a

	
	RM-7
	79b
	6.0a
	64c
	6.33a
	20a
	570b
	84a

	
	RM-8
	97a
	6.67a
	72b
	6.52a
	21a
	800b
	81ab

	
	RM-10
	95a
	6.67a
	70b
	6.3a
	20a
	550b
	78ab

	
	BARI Sarisha-15
	100a
	6.67a
	100a
	6.02a
	20a
	640b
	85a

	Ishurdi
	RM-3
	100a
	4b
	57b
	5a
	18a
	1110b
	85b

	
	RM-5
	78b
	4b
	53b
	4.9a
	18a
	1350a
	81c

	
	RM-7
	90a
	4b
	75a
	5.2a
	20a
	1390a
	85b

	
	RM-8
	81ab
	3b
	46bc
	4.6a
	18a
	1380a
	79c

	
	RM-10
	77b
	4b
	33c
	4.7a
	14b
	1260ab
	84b

	
	BARI Sarisha-15
	105a
	7a
	82a
	4.5a
	20a
	1400a
	88a

	
Magura
	RM-3
	93 b
	4.0a
	51b
	5.15a
	19a
	1160c
	84a

	
	RM-5
	78de
	3.3a
	38c
	4.65b
	16a
	1290ab
	83b

	
	RM-7
	76 e
	4.5a
	62a
	4.62b
	18a
	1360a
	83b

	
	RM-8
	82 cd
	3.8a
	53b
	5.21a
	21a
	1360a
	83b

	
	RM-10
	85 c
	4.2a
	52b
	4.91ab
	16a
	1210bc
	83b

	
	BARI Sarisha-15
	102 a
	3.3a
	51b
	4.68b
	19a
	1340a
	83b

	Nalitabari
	RM-3
	103a
	5.8a
	73b
	6.53 a
	19a
	933 b
	75d

	
	RM-5
	88cd
	5.5a
	73b
	6.14 a
	19a
	803d
	77c

	
	RM-7
	85d
	6.1a
	60c
	6.53 a
	20a
	723 f
	79bc

	
	RM-8
	89c
	5.8a
	69bc
	6.52 a
	20a
	903 c
	80b

	
	RM-10
	98b
	6.7a
	72b
	6.32 a
	20a
	993 a
	83ab

	
	BARI Sarisha-15
	105a
	7.4a
	93a
	6.07a
	21a
	710e
	85a

	Combined means over locations
	RM-3
	98a
	5.1b
	64b
	5.78a
	19a
	1050b
	79a

	
	RM-5
	83b
	4.8c
	61b
	5.51a
	19a
	1050b
	81a

	
	RM-7
	82b
	5.1b
	65b
	5.67a
	19a
	1010b
	82a

	
	RM-8
	87b
	4.8c
	60b
	5.71a
	19a
	1110a
	80a

	
	RM-10
	89b
	5.4b
	57c
	5.55a
	19a
	1000b
	82a

	
	BARI Sarisha-15
	103a
	6.1a
	81a
	5.31a
	19a
	1020b
	85a

	Location means

	Head
	93a
	6.5a
	77a
	6.33a
	20a
	720c
	80a

	
	Magura
	86b
	3.87b
	51b
	4.87b
	18a
	1280b
	83a

	
	Ishurdi
	88b
	4.3b
	57b
	4.81b
	18a
	1310a
	83a

	
	Nalitabari
	95a
	6.2a
	73a
	6.35a
	20a
	840c
	79a


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


On-station yield trial with advanced Mustard mutants 
Three mustard mutants along with check variety, Binasarisha-7 were evaluated to assess overall performance of the mutants for earliness, yield attributes and seed yield as compared to the check. The experiment was conducted at BINA sub-stations Magura, Ishurdi and Nalitabari. The trial was laid out in a randomized complete block design with three replications. The unit plot size was 12 m2 (4 m × 3 m) keeping 25-30 cm spacing between two lines and 6-8 cm among the plants in a row. Seeds were sown on mis week of October 2016. Recommended production packages like application of recommended fertilizers, weeding, thinning, irrigation, application of pesticide etc. were followed to ensure normal plant growth and development. Data were taken for plant height, branches plant-1, siliquae plant-1, seeds siliqua-1, maturity period, and seed yield. Maturity period was counted when 90% siliquae were matured and most of the plants turned into brownish in colour in each plot. Seed yield of each plot was recorded after harvest and appropriate statistical analyses were performed for comparison of means of each character which are presented in Table 25.
Results showed significant variations among the mutants and check for most of the characters in individual locations and combined over locations.  On an average, it was observed that plant height ranged from 127 cm in MM-37 to 132cm in Binasarisha-7. MM-35 produced the highest number of 147 siliquae plant-1 and Binasarisha-7 produced the lowest number of siliquae plant-1  135. Number of seeds siliqua-1 is not statistically significant. Mutant MM-37 produced the higher seed yield 1720 kgha-1 and Binasarisha-7 (1570 kgha-1). Among four locations, Nalitabari performed better in seed yield (1940 kgha-1).
Table 25: Mean performance of rapeseed mutants and check for different character (2016-17)
	Locations
	Mutants/ varieties
	Plant height (cm)
	Branches
plant-1 (no.)
	Siliquae plant-1 (no.)
	Siliquae
length
	Seeds siliquae-1 (no.)
	Seed yield (kg ha-1)
	Days to maturity

	Ishurdi
	Binasorisha-7
	120b
	2.4b
	140a
	4.1a
	10b
	1430a
	100a

	
	MM-36
	128a
	2.4b
	87c
	4.1a
	11b
	1340b
	97b

	
	MM-35
	126a
	2.8a
	142a
	3.9b
	11b
	1020c
	99a

	
	MM-37
	117b
	2.9a
	120b
	3.9b
	13a
	1450b
	99a

	
Magura
	Binasorisha-7
	147a
	2.8b
	121c
	4.46a
	14a
	1550b
	96b

	
	MM-36
	140b
	3.53a
	169a
	4.85a
	12b
	1530b
	98a

	
	MM-35
	149a
	3.79a
	153a
	4.53a
	12b
	1580b
	98a

	
	MM-37
	143b
	3.66a
	139b
	4.19a
	12b
	1780a
	97b

	Nalitabari
	Binasorisha-7
	129a
	10.6a
	144b
	5.30a
	10a
	1750c
	99a

	
	MM-36
	117 a
	9.78a
	153a
	5.35a
	10a
	2230a
	97c

	
	MM-35
	112b
	9.22a
	146b
	5.13a
	10a
	1840b
	98b

	
	MM-37
	122 ab
	9.67a
	162a
	4.99b
	10a
	1950b
	98b

	Combined means over locations
	Binasorisha-7
	132a
	5.28a
	135b
	4.62a
	11a
	1570b
	98a

	
	MM-36
	128b
	5.23a
	137b
	4.76a
	11a
	1700a
	97a

	
	MM-35
	129b
	5.27a
	147a
	4.52a
	11a
	1480b
	98a

	
	MM-37
	127b
	5.41a
	140a
	4.36a
	11a
	1720a
	98a

	
Location means
	Ishurdi
	123b
	2.62b
	122c
	4.0c
	11b
	1310c
	98a

	
	Magura
	145a
	3.46b
	146b
	4.51b
	12a
	1610b
	97a

	
	Nalitabari
	120b
	9.81a
	151a
	5.19a
	10c
	1940a
	98a


In a column, values with same letter(s) for individual location/combined means do not differ significantly at 5% level by DMRT. 
Growing of M3 population 
M3 mutant variants, developed from Tori-7 and accession MHR were grown in plant-progeny-rows for selecting desirable mutants at BINA Headquarters farm, Mymensingh. From them a total of twelve mutant lines were selected for further selection in M4 generation.
Growing of M2 population 
A large number of M2 variants, developed from Binasarisha-4, Binasarisha-10, Binasarisha-9 and BARIsarisha-15 were grown in plant-progeny-rows for selecting desirable mutants at BINA Headquarters farm, Mymensingh. From them a total of 20 mutant variants were selected primarily for further selection in M3 generation.
Growing of F2 population 
F2 population from the cross between Binasarisha-4 and Tori-7 were grown at BINA Headquarters farm, Mymensingh. From them, fifteen lines were selected primarily for further selection in F3 generation.

Crossing of Binasarisha-4 and Binasarisha-9 with Tori-7, BARI Sarisha-14 and BARI Sarisha-15 
Binasarisha-4 and Binasarisha-9 were crossed with Tori-7, BARI Sarisha-14 and BARI Sarisha-15 and F1 seeds were harvested to grow F1 generations. 
GROUNDNUT
Preliminary yield trial with M5 mutants and some bold seeded established mutants of groundnut in Kharif-II season
With a view to identify higher yielding mutant(s) than Binachinabadam-4, the experiment was conducted with 9 M5 mutants in farmer’s field at Lalmonirhat and Jhenaidah. The same experiment was also conducted at BINA sub-station farm, Rangpur with 5 additional bold seeded established mutant germplasms. Binachinabadam-4 was included as the check variety. The experiment followed RCB design with three replications. Seeds were sown on 27 August 2016 at Jhenaidah, 17 August at Rangpur and 22 August at Lalmonirhat at 15 cm distance within rows of 30 cm apart. A unit plot size was 3 m × 2 m.  Recommended doses of fertilizers, cultural and intercultural practices were also followed as and when necessary.  The experiment was harvested on 28 November at Lalmonirhat, 12 December at Jhenaidah and 18 December 2016 at Rangpu. 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 m2 which was later converted to tha-1.  Finally, all the recorded data were subjected to proper statistical analyses following the design used and are presented in Table 26.
It appeared that of the M5 mutants, PK1/15/69 had the shortest height of all at all locations (Table 26). But of the five established bold seeded mutant germplasm, the mutant Mut-3 had the shortest height at Rangpur. Compare to the check variety Binachinabadam-4, height of M5 mutant PK1/15/69 and the bold seeded established mutant Mut-3at Rangpur, at Jhenaidah only PK1/15/69 and at Lalmonirhat PK1/15/69 and D1/30/4 was significantly shorter.
The M5 mutants D1/15/34 and D1/15/18 had significantly higher number of pod plant-1 than the check variety at all locations. Location wise results exhibited of the five established mutants, Mut-3 had significantly higher number of pod at Rangpur and of the nine M5 mutants, six had significantly higher number of pod at Lalmonirhat,  two at Jhenaidah and  all at  Rangpur except one (Table 26). The M5 mutant D1/15/31 had significantly lower number of pod plant-1 than the check variety Binachanabadam-4 at Rangpur.
Pod size expressed here as 100-pod weight was the biggest in the check variety Binachinabadam-4 at all locations except the bold seeded established mutants at Rangpur (Table 26).  The entire established bold seeded mutants had significantly bigger pod sizes at Ranpur. The pod size of all the M5 mutants at Lalmonirhat was significantly smaller than the check variety except PK1/15/69. The pod size of PK1/15/69 did not differ significantly with the check variety at Lalmonirhat.  At Jhenaidah, pod size of 5 M5 mutants did not differ significantly with the check variety while the remainder four had significantly smaller pod sizes. At Rangpur, pod size of all the M5 mutants did not differ significantly with the check variety. 


Table 26: Yield and yield attributes of the M5 mutants and some bold seeded established mutants of groundnut at three locations during Kharif-II season, 2016
	Mutants/check variety
	Plant height (cm)
	Pod plant-1 (no.)
	100- pod weight (g)
	Shelling (%)
	Yield  ha-1 (t)

	Lalmonirhat
	
	
	
	
	

	PK1/15/69
	54.10
	9.17
	78.83
	73.61
	1.94

	D1/15/34
	65.77
	9.83
	51.91
	78.22
	2.27

	D1/30/4
	57.00
	9.33
	57.11
	68.59
	1.77

	D1/25/33
	69.30
	8.33
	68.25
	58.14
	1.76

	D1/15/9
	70.23
	10.67
	38.46
	74.37
	1.04

	D1/15/18
	69.10
	9.27
	56.98
	71.07
	1.76

	D1/15/26
	74.57
	6.57
	60.52
	71.31
	1.67

	D1/15/31
	68.43
	10.50
	51.22
	67.42
	1.93

	D1/15/40
	75.43
	8.50
	49.39
	75.05
	1.93

	Binachinabadam-4
	62.20
	8.50
	75.98
	73.63
	1.93

	LSD (0.05)
	4.13
	0.65
	5.49
	3.14
	0.21

	Jhenaidah
	
	
	
	
	

	PK1/15/69
	42.14
	18.22
	38.86
	74.73
	2.17

	D1/15/34
	46.60
	34.63
	39.81
	75.54
	2.55

	D1/30/4
	47.33
	25.03
	38.21
	75.73
	2.33

	D1/25/33
	45.77
	27.33
	38.36
	73.44
	2.73

	D1/15/9
	52.60
	23.93
	39.27
	73.22
	2.50

	D1/15/18
	51.60
	30.30
	35.98
	76.49
	2.47

	D1/15/26
	56.93
	19.80
	31.31
	76.39
	2.24

	D1/15/31
	47.23
	27.73
	30.71
	66.96
	2.29

	D1/15/40
	53.20
	25.28
	33.44
	73.59
	2.32

	Binachinabadam-4
	50.33
	26.27
	40.94
	72.46
	2.03

	LSD (0.05)
	3.39
	3.28
	2.89
	2.52
	0.03

	BINA sub-station, Rangpur

	PK1/15/69
	64.83
	17.47
	68.67
	67.03
	1.87

	D1/15/34
	66.57
	20.30
	66.13
	78.30
	2.60

	D1/30/4
	69.63
	19.70
	62.77
	70.20
	2.50

	D1/25/33
	90.77
	19.70
	62.20
	67.83
	2.78

	D1/15/9
	74.70
	20.43
	67.97
	67.20
	2.50

	D1/15/18
	71.53
	21.57
	65.00
	69.83
	2.67

	D1/15/26
	74.93
	17.70
	67.40
	66.93
	1.90

	D1/15/31
	63.23
	12.37
	65.73
	68.30
	2.39

	D1/15/40
	68.37
	16.90
	64.43
	73.27
	2.42

	Mut-1
	64.73
	13.57
	111.85
	77.05
	2.66

	Mut-2
	66.83
	15.07
	84.75
	74.30
	2.43

	Mut-3
	61.83
	15.90
	93.40
	77.60
	2.84

	Nut-5
	66.43
	12.43
	95.70
	75.47
	2.49

	79-71
	67.73
	13.03
	88.50
	77.40
	3.09

	Binachinabadam-4
	68.80
	14.03
	75.93
	73.00
	2.80

	LSD (0.05)
	3.68
	1.43
	6.25
	2.41
	0.04



 The M5 mutant D1/15/34 had significantly higher shelling than the check variety Binachinabadam-4 at all locations (Table 26). Shelling percentage of 6 remainder M5 mutants appeared at par with the check variety at Rangpur, at Jhenaidah 4 M5 mutants including D1/15/69 had significantly higher but 5 had at par and at BINA sub-station, Rangpur none of the M5 mutants except D1/15/69 had significantly higher shelling than the check variety but 4 of the bold seeded established mutants had significantly higher shelling. D1 the five, two established mutants, Mut-3 and 79-71 had significantly higher pod yield.
Finally, pod yield was significantly higher in the M5 mutant D1/15/34 than the check variety at Lalmonirhat, in all the M5 mutants at Jhenaidah and none of the M5 mutants at BINA sub-station, Rangpur. Of the established bold seeded mutants, the mutant 79-71 had significantly higher pod yield than the check variety. However, considering   significantly shorter plant height,  higher pod number, shelling and pod yield, the  three M5 mutants like PK1/15/69, D1/15/34 and D1/25/33 and 2 bold seeded established mutants viz., Mut-3 and 79-71 will be put into Advance Yield Trial in the next winter season.
Advance yield trial with three M6 and two bold seeded established mutants of groundnut
This experiment was conducted with three M6 mutants, two bold seeded mutant germplasm and a check variety, Binachinabadam-4. The seeds were sown on 31 January at BINA substation farm, Rangpur, on 11 February at farmer’s field Natore and on 02 February in farmer’s field at Jhenaidah and 09 February 2017 at BINA Head Quarters farm, Mymensingh following RCB design with three replications. A unit plot size was 3m × 2m. The seeds were sown at 15 cm distance within rows of 30 cm apart. Recommended doses of fertilizers, cultural and intercultural practices were also followed as and when necessary. The experiment was harvested on 18 June at Rangpur and Jhenaidah, 12 June at Natore and 15 June 2017 at Mymensingh.  Data on plant height, pod 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 m2  which was later converted to t ha-1 Finally, all the recorded data were subjected to proper statistical analyses as per design used and are presented in Table 27. 
It appeared that the mutant PK1/15/69 had significantly shorter plant than the check variety Binachinabadam-4 at all locations except at Jhenaidah (Table 27). At Jhenaidah its height did not differ significantly with the check variety, Binachinabadam-4. 
 


Table 27: Pod yield and yield attributes of M5 mutant lines of groundnut at four locations    during Kharif-II season, 2017
	
	Mutants/Parents
	Plant height (cm)
	Pod
plant-1 (no.)
	100- Pod weight (g)
	Shelling (%)
	Yield 
(t ha-1)

	BINA sub-station farm, Rangpur

	PK1/15/69
	66.37
	11.60
	67.35
	86.00
	1.57

	D1/15/34
	83.80
	13.47
	51.25
	84.00
	1.52

	D1/25/33
	77.27
	12.60
	58.90
	85.00
	1.59

	Mut-3
	70.83
	10.87
	75.37
	77.00
	1.80

	79-71
	78.03
	13.67
	71.98
	77.00
	2.16

	Binachinabadam-4 (C)
	76.60
	12.57
	73.81
	85.00
	1.99

	LSD (0.05)
	3.20
	0.69
	3.35
	2.93
	0.13

	Natore
	
	
	
	
	

	PK1/15/69
	44.27
	25.93
	70.88
	77.27
	3.04

	D1/15/34
	53.47
	22.03
	57.13
	76.95
	2.65

	D1/25/33
	56.57
	22.20
	61.28
	76.90
	2.91

	Mut-3
	51.07
	15.87
	76.76
	62.73
	2.53

	79-71
	47.80
	14.37
	72.73
	64.92
	1.99

	Binachinabadam-4 (C)
	56.83
	19.93
	79.55
	76.64
	3.22

	LSD (0.05)
	3.15
	2.12
	5.12
	3.19
	0.61

	Jhenaidah
	
	
	
	
	

	PK1/15/69
	47.70
	18.10
	71.99
	76.27
	2.52

	D1/15/34
	57.00
	17.57
	59.54
	77.53
	2.25

	D1/25/33
	59.40
	24.67
	61.90
	79.30
	2.87

	Mut-3
	49.83
	13.20
	86.11
	67.01
	2.38

	79-71
	49.90
	13.07
	67.11
	61.72
	2.21

	Binachinabadam-4 (C)
	47.47
	20.13
	72.60
	77.26
	2.54

	LSD (0.05)
	3.78
	2.23
	6.02
	2.66
	0.11

	Mymensingh
	
	
	
	
	

	PK1/15/69
	37.13
	13.50
	47.69
	69.17
	1.29

	D1/15/34
	39.50
	11.60
	45.57
	73.49
	1.28

	D1/25/33
	43.70
	15.07
	47.27
	71.63
	1.47

	Mut-3
	41.13
	12.07
	67.90
	60.03
	1.75

	79-71
	38.13
	11.60
	62.50
	57.26
	1.57

	Binachinabadam-4 (C)
	41.80
	11.27
	51.80
	70.55
	1.44

	LSD (0.05)
	2.33
	0.71
	3.95
	3.11
	0.19



The mutants D1/25/33 and 79-71 at Rangpur, PK1/15/69 and D1/25/33 at Natore, PK1/15/69 at Jhenaidah and PK1/15/69, D1/25/33 and Mut-3 at Mymensingh had significantly higher number of pod plant-1 than the check variety (Table 27).  None of the mutants had significantly higher, 2 had at par and the remainders had lower   100- pod weight than the check variety at BINA sub-station farm, Rangpur and farmer’s field at Natore (Table 27). At Jhenaidah, one mutant had significantly higher, 2 had at par and the remainders had lower 100- pod weight. At Mymensingh, 2 mutants had higher, one at par and the remainders had lower 100- pod weight than the check, Binachinabadam-4. 
None of the mutants had significantly higher shelling percentage than the check variety Binachinabadam-4 but three mutants like PK1/15/69, D1/15/34 and D1/25/33 had at par   shelling percentage at all locations (Table 27).
The bold seeded established mutant 79-71 had significantly higher pod yield than the check variety, Binachinabadam-4 at Rangpur (Table 27). In contrast, the other mutants had significantly lower yield. At Natore, none of the mutants had significantly higher pod yield than the check variety but yield of PK1/15/69 did not differ significantly.  At Jhenaidah, D1/25/33 produced significant higher pod yield than the check variety and that of PK1/15/69 did not differ. At Mymensingh, none of the mutants had significantly higher pod yield than the check variety, Binachinabadam-4 although did not differ significantly. Therefore, considering all, the mutantsD1/25/33, PK1/15/69 and 79-71 will be put into zonal yield trial in the Kharif-II season of 2017. 
Evaluation of M3 generation of groundnut
The experiment was conducted with 14 M3 populations along with the check variety Binachinabadam-6 at BINA HQ farm Mymensingh to screen high yielding and early maturing progenies. Seeds were sown on 27 November 2016 at 15 cm distances within rows of 30 cm apart following non replicated plant-progeny-rows.  Recommended fertilizer dose, cultural and intercultural operations were also followed. Plants were harvested on 26 April 2017.  Data on plant height, number of pod plant-1, pod weight plant-1, 100-pod weight, shelling and 100-kernel weight were gathered after harvest from randomly selected 10 competitive plants. Finally, all the records were subjected to proper statistical analyses and are presented in Table 28.
Table 28: Means of pod yield and yield attributes of M3 mutant lines of groundnut 
	Mutants/
Check
	Plant height (cm)
	Pod plant-1 (no.)
	Pod weight
plant-1 (g)
	100 Pod weight (g)
	100- kernel weight (g)
	Shelling (%)

	B6/282/11
	27.14
	14.95
	4.85
	51.50
	21.66
	52.66

	B6/282/50
	39.80
	12.50
	4.30
	40.50
	16.90
	61.72

	B6/282/53
	33.10
	11.30
	5.40
	55.16
	28.13
	63.60

	B6/282/56
	38.40
	15.30
	6.88
	55.30
	25.40
	71.95

	B6/282/62
	34.40
	14.67
	8.65
	60.00
	30.30
	74.43

	B6/282/63
	30.90
	18.40
	8.50
	60.15
	31.90
	74.48

	B6/282/64
	35.00
	16.80
	7.56
	53.20
	28.00
	64.77

	B6/282/65
	32.00
	16.10
	8.53
	64.30
	33.40
	80.40

	B6/282/66
	34.60
	12.10
	8.70
	60.00
	35.00
	79.70

	B6/282/67
	32.30
	13.10
	8.28
	57.00
	30.90
	75.43

	B6/282/68
	40.10
	13.60
	6.84
	56.90
	30.80
	74.42

	B6/282/70
	36.20
	13.50
	6.55
	55.61
	30.55
	72.60

	B6/282/77
	36.10
	8.10
	4.90
	52.40
	28.25
	73.70

	B6/282/80
	35.40
	11.40
	6.85
	77.75
	31.60
	68.80

	Binachinabadam-6
	35.80
	15.00
	7.80
	54.75
	29.93
	75.17

	Mean+ SE
	34.75 ± 3.40
	13.79 ± 2.55
	6.97 ± 1.51
	56.97 ± 7.85
	28.85 ± 4.61
	70.92 ± 7.41

	CV (%)
	9.79
	18.48
	21.66
	13.78
	15.98
	10.44



It appeared that, the plant height of the selected populations ranged from 40.10 cm to 27.14 cm with a mean 34.75cm. The tallest plant height was in B6/282/68 while the shortest in B6/282/11.  Number of pod plant-1 ranged from 8.10 to 18.40 with the mean 13.79. Only one mutant B6/282/63 had significantly higher pod plant-1 than the check while three did not differ significantly. But ten mutants had lower pod plant-1.  Pod weight plant-1 ranged from 4.30 g to 8.70 g. Nine mutants had lower pod weight plant-1. Pod size expressed as 100-pod weight here, ranged from 40.50 g to 77.75g with a mean 56.97g. The mutant B6/282/65 had the biggest and the mutant B6/282/50 had the smallest pod size. Two mutants, B6/282/63 and B6/282/65 had significantly bigger pod size than the check variety. Shelling ranged from 52.66 to 80.40 % with a mean 70.92%. The mutants B6/282/65, B6/282/66 and B6/282/67 had higher shelling but did not differ significantly from the check variety.  Hundred kernel weights ranged from 16.90 to 35.00 g with a mean 28.85 g. Of the fourteen, eight mutants had higher kernel weight with being significantly the highest in the mutant B6/282/66.
SESAME
On-farm and On-station yield trial with two promising sesame mutants
Two promising mutants along with two check varieties Binatil-1 and Binatil-2 were evaluated through this trial. The experiment was conducted at the experimental field of BINA sub-station farms at Magura, Ishurdi and Chapainowabgong and farmers’ field at Modukhali of Faridpur, Lalpur of Nator, Nachol of Chapainowabgong, Jussore Sador, Khagrachori sador and Satkhira Sador during March to June 2017. 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 second week of 2017. 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 on plant height, number of branches plant-1, number of capsules plant-1 and number 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. Due to heavy rain and wind complete data were not obtain from farmers field trial conducted at sador upzilla of Jessor, Magura, Satkhira and Khagrachori.   Appropriate statistical analyses were performed for comparison of means of each character. 
The results of five individual location and combined over locations are presented in Table 29. The results showed significant variations for most of the characters among the mutants and check varieties in all five locations and combined over locations. On an average, days to maturity ranged from 86cm in Binatil-2 to 83cm in mutant SM-067. Binatil-1 and SM-08 required similar time to mature.  Among the mutants, SM-067 was the tallest (111cm), but it was shorter than the check variety Binatil-1 (117cm). Both of mutants produce branched although one of the check varieties Binatil-1 is uniculm  type. Mutants SM-008 and SM-067 produced the significantly higher or similar number of capsules plant-1 as compared to the check Binatil-1. The significantly higher number of capsules as well as higher number of seed yield obtain from this two mutant line. On an average, Binatil-2 produced the highest yield of 1423kgha-1. 
Table 29: Mean performance of sesame lines along with check varieties for different quantitative characters
	Locations
	Mutants/ varieties
	Plant height (cm)
	Branches
plant-1 (no.)
	Capsules
plant-1 (no.)
	Seeds capsule-1 (no.)
	Capsule
length
	Seed yield (kg ha-1)
	Days to maturity

	Magura

	SM-08
	148a
	2.9b
	81b
	76b
	2.87b
	1375a
	85b

	
	Binatil-1
	148a
	1c
	71c
	82a
	4.54a
	1258c
	86b

	
	SM-067
	120b
	3.7a
	65d
	75bc
	2.78b
	1083b
	83a

	
	Binatil-2
	150a
	3.63a
	93a
	72c
	2.69b
	1390a
	88a

	Ishurdi

	SM-08
	107
	3.43a
	58c
	64c
	2.58c
	1325b
	82b

	
	Binatil-1
	109ba
	1b
	45d
	105a
	4.31a
	1250c
	84a

	
	SM-067
	111a
	3.5a
	85a
	77b
	2.77b
	1000d
	84a

	
	Binatil-2
	114c
	3.96a
	69b
	67c
	2.61c
	1400a
	85a

	Farmer’s field,  Modukhali
	SM-08
	105c
	2.93b
	64b
	79b
	2.68b
	1410a
	85bc

	
	Binatil-1
	107a
	1c
	36c
	94a
	4.2a
	1192c
	86b

	
	SM-067
	121b
	3.13a
	74a
	80b
	2.85b
	1392b
	84c

	
	Binatil-2
	117b
	3.73a
	75a
	69c
	2.70b
	1450a
	88a

	Farmer’s field, lalpur
	SM-08
	103b
	1.73a
	35a
	66b
	2.56b
	1350b
	86c

	
	Binatil-1
	109a
	1c
	26b
	98a
	3.83a
	1325b
	83d

	
	SM-067
	103b
	2.0b
	36a
	64b
	2.5b
	1375b
	82b

	
	Binatil-2
	103b
	1.53a
	32a
	61b
	2.53b
	1417a
	85b

	Chapai nawabganj
	SM-08
	89c
	4.13a
	75b
	70.c
	3.32b
	988b
	84b

	
	Binatil-1
	113a
	1c
	56c
	97a
	4.83a
	573d
	88a

	
	SM-067
	103b
	3.33b
	92a
	78b
	3.46b
	840c
	83b

	
	Binatil-2
	93bc
	3.7b
	78b
	74bc
	3.36b
	1457a
	86b

	Combined means over locations
	SM-08
	110b
	3.24a
	63b
	63b
	2.73b
	1289b
	85b

	
	Binatil-1
	117a
	1b
	47c
	83a
	4.01a
	1119c
	85b

	
	SM-067
	111b
	3.132a
	70a
	52c
	2.86b
	1138c
	83c

	
	Binatil-2
	115a
	3.31a
	69a
	56c
	2.71b
	1422a
	86a

	Location means

	M station
	141a
	2.55a
	78ab
	76b
	3.22a
	1276.5b
	85b

	
	Modukhali
	112b
	2.44a
	62b
	80a
	3.10a
	1361a
	85b

	
	Ishurdi
	110b
	2.72a
	64b
	78b
	3.06a
	1243b
	83c

	
	Lal pur
	104bc
	1.31b
	32c
	42c
	3.3a
	1366a
	84bc

	
	Chapai 
	99c
	2.79a
	82a
	80a
	3.74a
	964c
	85b


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

Regional yield trials with promising M6 sesame mutants
The trial was conducted in the farms of BINA sub-stations at Ishurdi, Magura and Chapainawabgong during Kharif-I 2017. There were five advanced mutant lines and two check varieties (Binatil-1and Binatil-2). 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 first week of 2017. 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 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. 
The results of each location and combined over locations are presented in Table 30. The results showed significant variations for most of the characters among the mutants and check varieties in all three locations and combined over locations. On an average, days to maturity ranged from 88cm in SM-001 and Binatil-1 to 84cm in mutant SM-007. Among the mutants, SM-007 was the tallest (131cm) and shorter one was SM-005 (113cm), where the plant height of SM-001, Binatil-1 and Binatil-2 is statistically similar to each other. Only Binatil-1 performed higher pod length (4.29cm) significantly different from all other mutants and check. Most of the mutants were uniculm type except SM-007 and SM-008. Mutants SM-007 produced the significantly higher number of capsules plant-1 as compared to the check Binatil-1 and Binatill-2. The significantly higher of capsules as well as higher number of seeds yield obtain from mutant line SM-004, SM-006 and SM-007. 


Table 30: Mean performance of sesame lines along with check varieties for different quantitative characters
	Locations
	Mutants/ varieties
	Plant height (cm)
	Branches
plant-1 (no.)
	pod plant-1 (no.)
	Seeds pod-1 (no.)
	pod
length
	Seed yield (kg ha-1)
	Days to maturity

	Magura

	SM-001
	132c
	1c
	71c
	75.bc
	2.67b
	1386b
	88a

	
	SM-006
	134b
	1c
	78b
	79b
	2.71b
	1431a
	86b

	
	SM-007
	136a
	3.2a
	87a
	77bc
	2.91c
	1433a
	84c

	
	SM-004
	133bc
	1c
	78b
	73d
	2.61d
	1456a
	85bc

	
	Binatil-1
	124d
	1c
	63d
	99a
	4.53a
	1366b
	88a

	
	SM-005
	116c
	1c
	61d
	78ab
	2.90a
	1395b
	86b

	
	Binatil-2
	122dc
	2.7b
	64b
	77a
	2.54b
	1400ab
	88a

	
Ishurdi 
	SM-001
	106c
	1c
	53c
	54c
	2.45a
	1417c
	89a

	
	SM-006
	105c
	1c
	51c
	58c
	2.43c
	1500a
	87b

	
	SM-007
	122a
	2.73b
	75a
	62bc
	2.79c
	1433bc
	85b

	
	SM-004
	109c
	1c
	65b
	62bc
	2.50bc
	1492a
	86b

	
	Binatil-1
	119b
	1c
	52c
	75a
	3.93a
	1408c
	89a

	
	SM-005
	109c
	3.73a
	65b
	63bc
	2.45b
	1417c
	87b

	
	Binatil-2
	116b
	1c
	65b
	71a
	3.09a
	1458b
	89a

	
Chapai Nawabganj
	SM-001
	125ab
	1b
	57d
	72c
	2.55b
	1417d
	87b

	
	SM-006
	134a
	1b
	73b
	82b
	2.65b
	1500a
	85ab

	
	SM-007
	136a
	3.4a
	85a
	78bc
	2.97b
	1450c
	83c

	
	SM-004
	131a
	1b
	77ab
	76bc
	2.67b
	1458b
	84bc

	
	Binatil-1
	119b
	1b
	59d
	96a
	4.43a
	1358c
	87a

	
	SM-005
	116b
	1b
	64c
	79bc
	3.07ab
	1375c
	85ab

	
	Binatil-2
	120b
	3.2a
	69b
	78bc
	2.55b
	1408b
	87b

	Combined means over locations
	SM-001
	121bc
	1b
	60bc
	674c
	2.55b
	1406b
	88a

	
	SM-006
	124b
	1b
	67c
	73b
	2.59b
	1477a
	86b

	
	SM-007
	131a
	3.11a
	82a
	72b
	2.89b
	1438ab
	84c

	
	SM-004
	124b
	1b
	73b
	70bc
	2.59b
	5838a
	85bc

	
	Binatil-1
	120bc
	1b
	58d
	90a
	4.29a
	1377c
	88a

	
	SM-005
	113c
	1.2b
	63c
	73b
	2.80b
	1395bc
	86b

	
	Binatil-2
	119bc
	2ab
	66c
	75b
	2.72b
	1422ab
	88b

	Location means
	M station
	128a
	1a
	71a
	80b
	2.98a
	3282a
	86bc

	
	Ishurdi
	112c
	1a
	61c
	63a
	2.80a
	1446a
	88a

	
	Chapai Nawabganj
	125b
	1a
	69b
	80ba
	2.98a
	1423b
	83c


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

Growing of M5 population of sesame
A large number of M5population were grown in plant progeny rows for selecting desirable mutants at BINA sub-station farm, Ishurdi. From them primarily a total of 13mutant variants have been selected for further selection in subsequent generations.
Crossing of Binatill-1 and Binatill-2 with BARI Till-4, China black and China White
Binatill-1 and Binatill-2 were cross with BARI Till-4, China black and China White and F1 seeds were harvested to grow F1 generations. 


On-station and On-farm yield trials with advance soybean mutants during Rabi 2017
Two promising mutants along with two check varieties (Binasoybean-1 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 BINA substation farm Magura and farmers’ field at Noakhali and Chandpur during January to April 2017. 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 four locations for different characters of the mutants and check varieties are presented in Table 31. Significant variations were observed for all the characters at all the locations and combined over location. 
On an average, maturity period ranged from 116 days in Binasoybean-1 to 117 days in SBM-18, and plant height ranged from 74cm in BARISoybean-5 to 81cm in Binasoyabean-1. Mutant SBM-18 produced the highest seed yield of 2197 kg ha-1 followed by SBM-22 (2109 kg ha-1) and Binasoybean-1 produced the lowest seed yield (1858 kg ha-1).  Mutants SBM-18 has beed registered as Binasoybean-5(June 2017).
Table 31: Mean performance of soybean mutants along with check varieties for different quantitative characters during Rabi 2017

	Mutants/
varieties
	Days to maturity
	Plant height (cm)
	Branches plant-1 (no.)
	Pods  plant-1 (no.)
	Seeds
pod-1 (no.)
	100-seed weight (g)
	Seed yield 
(kg ha-1)

	BINA Hqs. farm, Mymensingh

	SBM-18
	114a
	80a
	2.34ab
	52a
	2.20b
	13.41b
	2163a

	SBM-22
	113b
	75b
	2.40a
	50b
	2.30a
	13.89a
	2158a

	Binasoybean-1
	110c
	80a
	2.07b
	46bc
	2.10c
	12.23c
	1798b

	BARI Soybean-5
	113b
	74bc
	2.31ab
	46c
	2.22ab
	13.62ab
	1789b

	BINA sub-station farm, Magura

	SBM-18
	113b
	78a
	2.5a
	72a
	2.45a
	14.46a
	2920a

	SBM-22
	117ab
	74b
	2.3b
	69ab
	2.30b
	13.67b
	2796b

	Binasoybean-1
	118a
	78a
	2.1c
	65b
	2.20c
	12.61c
	2323c

	BARI Soybean-5
	117ab
	75ab
	2.1c
	67ab
	2.25bc
	14.38ab
	2382bc

	Farmer’s field, Chandpur

	SBM-18
	120b
	78b
	2.13a
	52a
	2.10a
	13.91a
	1850a

	SBM-22
	123a
	79ab
	1.8b
	47b
	1.9b
	12.41b
	1720b

	Binasoybean-1
	119bc
	81a
	1.6c
	44c
	1.83c
	12.54ab
	1625c

	BARI Soybean-5
	117c
	75c
	1.7bc
	47b
	1.87bc
	13.87ab
	1723bc

	Farmer’s field, Noakhali
	
	
	
	
	
	

	SBM-18
	119a
	81ab
	1.9a
	48a
	2.10a
	13.86ab
	1856a

	SBM-22
	118ab
	79b
	1.7ab
	43ab
	1.85b
	13.91a
	1763b

	Binasoybean-1
	117b
	83a
	1.65b
	40b
	1.73c
	12.39ab
	1687bc

	BARI Soybean-5
	118ab
	72c
	1.68ab
	42ab
	1.79bc
	12.34b
	1625c

	Combined means over four locations

	SBM-18
	117ab
	79ab
	2.22a
	56a
	2.23a
	13.9a
	2197a

	SBM-22
	118a
	77b
	2.05b
	52b
	2.09b
	13.5ab
	2109b

	Binasoybean-1
	116b
	81a
	1.86c
	49c
	1.97c
	12.4c
	1858c

	BARI Soybean-5
	116ab
	74c
	1.96bc
	51bc
	2.03bc
	13.6b
	1880bc


N. B.: In a column, values with same letterdo not differ significantly at 5% level of probability by DMRT. 

Evaluation of promising salt tolerant genotypes through hydroponic culture
[bookmark: _GoBack]One promising mutants SBM-18 (release as a Binasoybean-5)  along with four soybean varieties Binasoybean-1, and two germplasme lines Lokon and GC480 were evaluated. The experiment was conducted at the glasshouse house of BINA Headquarters  Mymensingh during April to May 2017. The experiments was laid out in complete randomized design with three replications. After germination (5-6 days after placing the seeds in petri-dishes), seedlings wrer placed in hydroponics. Salinity treatments were applied after seedling established in hydroponic system and nutrient solution was changed after every seven days. Data on various characters such as plant height, number of leves plant-1 was taken from 5 randomly selected plants of each pot. Within increasing day’s plant height as well as leaf number was decreased. Binasoybean-1 survive at 10ds/m2 only 14 days after 14 days it was died where as Binasoybean-5 survived up to 15ds/m2 and then susceptible to salinity. On the other hand, Lokon and GC-480 performed highly tolerance to Moderately tolerance up to 21 days on 10ds/m2, 15ds/m2 and 20ds/m2 (Table 32).    
Table 32: Visual salt injury at seedling stage
	Variety/mutant
	7 days after salinity
treatment
	14 days after salinity
treatment
	21 days after salinity
treatment

	
	10ds/m2
	15ds/m2
	20ds/m2
	10ds/m2
	15ds/m2
	20ds/m2
	10ds/m2
	15ds/m2
	20ds/m2

	Locan
	HT
	HT
	HT
	HT
	T
	T
	HT
	MT
	MT

	GC480
	HT
	HT
	HT
	HT
	T
	T
	HT
	MT
	MT

	Binasoybean-5
	HT
	HT
	MT
	MT
	S
	HS
	S
	HS
	D

	Binasoybean-1
	T
	T
	ST
	HS
	D
	D
	D
	D
	D


Here, HT= Highly tolerant, T= Tolerant, MT= Moderately tolerant, S= Susceptible, HS= highly susceptible and D= Die.
Growing of M3 and M4  population 
A large number of M3 and M4 population from BARI Soybean-5, Binasoybean-2 and Sohage were grown in plant progeny rows for selecting desirable mutants at BINA Hqs. farm, Mymensingh.  From them primarily a total of 13mutant variants have been selected for further selection in subsequent generations. 

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 Hqs. farm, Mymensingh From them primarily a total of 23mutant variants have been selected for further selection in subsequent generations. 

Growing of M1 population
To create genetic variability, seeds of three popular soybean varieties, BARI Soybean-5, Binasoybean-2 and Sohag were irradiated with 200, 250 and 300Gy of gamma rays. M2 seeds from five pods of each plant were collected to grow first segregating M2 population. 
Maintenance of germplasm (mutants, local and exotic collections) 
Nine germplasm lines along with three stable mutants were grown at BINA Hqs. farm, Mymensingh. After harvest, seeds of all these germplasm were collected and preserved as breeding materials for future research programme.

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 BINA sub-station Ishurdi, Magura, farmer’s field Ishurdi,  Magura and Natore  during Kharif-1 season of 2017. 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 of each plot. Plot seed yield was converted to kg ha-1. Mean values are presented in Table 33. 
It is observed from Table 33 that the check variety BARI Mung-6 had shorter plant height than other mutant and check variety (Binamoog-8) at all the locations except Natore. From mean over locations, both the mutants matured earlier than check varieties. The highest number of pods plant-1 (36) and pod length (9. 3cm) was found in MBM-427-87-3. In respect of seed yield, MBM-427-87-3 produced the highest seed yield of 1840 kg ha-1followed by Binamoog-8 (1762 kg ha-1).  Application will be made to release this mutant (MBM-427-87-3) as a variety.




Table 33: Mean performance of mutants along with the check varieties grown at Magura, and Ishurdi and Natore during 2017
	Mutants/varieties
	Days to maturity
	Plant height (cm)
	Pods plant-1 (no)
	Pods length (cm)
	Seeds
pod-1 (no)
	Seed yield (kg ha-1)

	Ishurdi (Sub station)

	MBM-656-51-2
	66
	61
	35
	8.3
	11
	1793b

	MBM-427-87-3
	63
	60
	39
	9.2
	12
	1846a

	Binamoog-8
	65
	54
	33
	8.2
	12
	1789b

	BARI Mung-6
	69
	53
	30
	8.2
	11
	1693c

	Ishurdi (Farmer’s field)

	MBM-656-51-2
	65
	41
	25
	8.0
	13
	1713b

	MBM-427-87-3
	64
	39
	29
	9.4
	13
	1913a

	Binamoog-8
	64
	40
	25
	9.1
	12
	1780b

	BARI Mung-6
	70
	38
	23
	9.0
	10
	1670c

	Magura (Sub station)

	MBM-656-51-2
	62
	43
	33
	8.3
	12
	1813a

	MBM-427-87-3
	64
	47
	37
	9.4
	13
	1857a

	Binamoog-8
	65
	41
	35
	9.1
	12
	1756 b

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	BARI mung-6
	69
	43
	31
	9.0
	11
	1689c

	
	
	
	
	
	
	
	

	 Magura(Farmer’s field)

	MBM-656-51-2
	62
	55
	35
	8.1
	12
	1690b

	MBM-427-87-3
	63
	57
	39
	9.5
	13
	1786a

	Binamoog-8
	67
	55
	37
	8.4
	13
	1745a

	BARI Mung-6
	70
	50
	30
	8.3
	11
	1613c

	Natore (Farmer’s field)

	MBM-656-51-2
	63
	43
	30
	8.3
	12
	1755ab

	MBM-427-87-3
	64
	38
	35
	9.0
	13
	1798a

	Binamoog-8
	66
	34
	33
	8.5
	13
	1739ab

	BARI Mung-6
	71
	38
	28
	7.7
	12
	1675b

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Mean over locations

	MBM-656-51-2
	64
	49
	32
	8.2
	12
	1753b

	MBM-427-87-3
	64
	48
	36
	9.3
	13
	1840a

	Binamoog-8
	65
	45
	33
	8.7
	12
	1762b

	BARI Mung-6
	70
	44
	28
	8.4
	11
	1668c



Regional yield trial of some promising mutants of mungbean 
Two advanced mungbean mutant lines along with two check varieties were put into regional yield trial at BINA sub-station Magura, Ishurdi and farmer’s field Ishurdi during Kharif-1 season of 2017. The design of experiment was RCB with three replications. Unit plot size was 4 m  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 are presented in Table 34.                       
From the result mean over locations, it is observed that the lowest days to maturity was observed in check variety Binamoog-8 whereas the highest was in MBM07-y-2.  The highest plant height was found in MBM07-y-2 (54.6 cm) followed by check variety BARI Mung-6. In case of pods/plant , the mutant MBM-07(g)-2 had the highest number of pods/plant and pod length. The number of seeds pod-1 was almost similar for all the mutants and check varieties. Mutant MBM-07(g)-2 produced the highest seed yield (1.76 t/ha) followed by MBM-427-87-3 (1.75 t/ha). One promising mutant MBM-07(g)-2 will be further evaluated in the next growing season.
Table 34: Mean performance of two mutants along with two check varieties grown at BINA sub-station Ishurdi, Magura and farmer’s field Ishurdi during 2017
	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
	44.67b
	41
	8.45
	12
	1736

	MBM07-y-2
	71
	58.13a
	37
	7.60
	11
	1685

	Binamoog-8 (check)
	68
	44.40b
	36
	8.33
	12
	1715

	BARI  Mung-6 (check)
	69
	51.13a
	33
	8.02
	12
	1674

	Ishurdi

	MBM-07(g)-2
	68
	51.26a
	34
	8.25
	11
	1783a

	MBM07-y-2
	71
	54.27a
	28
	7.95
	10
	1660b

	Binamoog-8 (check)
	64
	42.69ab
	33
	8.29
	11
	1790a

	BARI  Mung-6 (check) 
	70
	49.76a
	28
	8.04
	10
	1713ab

	Ishurdi (Farmer’s field)

	MBM-07(g)-2
	66
	46.1a
	31
	8.75
	11
	1773

	MBM07-y-2
	68
	51.3a
	29
	7.88
	10
	1720

	Binamoog-8 (check)
	65
	43.8ab
	31
	8.09
	11
	1765

	BARI Mung-6 (check)
	69
	52.6a
	30
	8.14
	11
	1698

	Mean over locations

	MBM-07(g)-2
	67
	47.3a
	35
	8.5
	11
	1764a

	MBM07-y-2
	70
	54.6a
	31
	7.8
	10
	1688ab

	Binamoog-8 (check) 
	66
	43.6ab
	33
	8.2
	11
	1757a

	BARI  Mung-6 (check)
	69
	51.2a
	30
	8.1
	11
	1695a



Growing of M2 generation of mungbean lines
Seeds of 4 AVRDC mungbean germplasm were irradiated with Cobalt60 gamma rays. Irradiation doses were 300, 400 and 500 Gy. Dose wise Bulk seed of each germplasm were grown at BINA sub-station farm Ishurdi. Thirty five plants were selected based on earliness, higher yield and disease tolerance. 

Growing of M1 generation of mungbean lines for Kharif-1
Seeds of 2 AVRDC mungbean germplasm were irradiated with Cobalt60 gamma rays. Irradiation doses were 300, 400 and 500 Gy. Two hundred and fifty seeds per dose were grown at BINA HQs during Kharif-1 season 2017.
Germination and survival decreased with the increase of the irradiation doses. The plant height also decreased gradually with increased doses of gamma rays. Some of the early maturing plants were selected and 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. 
    
Growing of M1 generation of mungbean lines for rabi season
Seeds of 4 AVRDC mungbean germplasm were irradiated with Cobalt60 gamma rays. Irradiation doses were 300, 400 and 500 Gy. Two hundred and fifty seeds per dose were grown at BINA HQs during Rabi season 2016.
Germination and survival 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.     

 Growing of M1 generation of yellow seeded germplasm
Seeds of sonamoog (collected from two places) and one advanced yellow seeded mungbean line (MBM-07-Y-1)  were irradiated with Cobalt60 gamma rays to develop high yielding variety maifor its palatability test. Irradiation doses were 300, 400 and 500 Gy. Two hundred and fifty seeds per dose were grown at BINA HQs during Rabi season 2016.
Germination and survival 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, 2017. 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 
Regional yield trial of some selected chickpea mutants 
Two mutants along with two check varieties were put into regional yield trial at, Magura and Chapainowabganj. The experiment was carried out in a randomized complete block design with three replications. Unit plot size was 4 m × 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 t ha-1. Mean values are presented in Table 35.                       
It is observed from the result mean over locations that CPM-8-200 matured the earliest then other mutants and check varieties. Binasola-8 had the highest plant height (75.6 cm) whereas BARI Sola-7 produced the lowest among the test entries. 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, 24.1 (g) followed by CPM-8-300, 23.3 (g) and Binasola-8, 22.7 (g). Mutant CPM-8-200 produced the highest seed yield (1.9 t/ ha) among the mutants and check varieties. These two mutants will be further evaluated in next growing season.

Table 35: Regional yield trial of two promising mutants of chickpea during 2016-2017 
	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-8-200
	127
	66.6ab
	3.6
	124a
	1.8
	24.0a
	1865a

	CPM-8-300
	130
	68.8ab
	3.2
	112ab
	1.6
	23.7a
	1804a

	BARI Sola-7 (Check)
	127
	59.0b
	2.7
	106ab
	1.4
	15.5b
	1698bc

	Binasola-8 (Check)
	129
	74.2a
	3.0
	121a
	1.5
	22.3a
	1767b

	Chapainowabganj (Farmers field)

	CPM-8-200
	125
	73.0a
	3.2
	133a
	1.8
	24.2a
	1835a

	CPM-8-300
	131
	63.0b
	3.6
	101ab
	1.4
	22.9a
	1759ab

	BARI Sola-7 (Check)
	133
	56.0b
	2.6
	94b
	1.8
	15.8b
	1656bc

	Binasola-8 (Check)
	130
	77.4a
	3.2
	129a
	1.7
	23.1a
	1730b

	Mean over location

	CPM-8-200
	126
	69.8ab
	3.4
	129a
	1.8
	24.1a
	1850a

	CPM-8-300
	131
	65.9ab
	3.4
	107ab
	1.5
	23.3a
	1782ab

	BARI Sola-7 (Check)
	130
	57.5b
	2.7
	100ab
	1.6
	15.7b
	1677b

	Binasola-8 (Check)
	130
	75.6a
	3.1
	125a
	1.6
	22.7a
	1749ab





Growing of M2 generation of chickpea 
Seeds of three chickpea varieties (Binasola-4, Binasola-6 and Binasola-7) were irradiated with Cobalt60 gamma rays. Irradiation doses were 300, 350 and 400 Gy. Dose wise Bulk seed of each varieties were grown at BINA sub-station farm Magura. Twenty seven plants were selected based on bolder seed size, higher yield and disease tolerance. 

Maintenance of chickpea germplasm 
Ten germplasm were grown at BINA sub-station farm, Magura during rabi season, 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.
Lentil
On-farm yield trial with three mutants/line of lentil 
Farmers’ field trials were carried out with three mutant lines and two popular checks, Binamasur-6  and BARI Masur-5 at Ishurdi, Magura and Chapainnowabgonj 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. Statistical analysis of different characters of the mutants and the check are presented in the Table 36.

Table 36:  Performance of three lentil mutants/line along with two check varieties grown at three locations during 2016-2017                   
	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches/ plant (no.)
	Pods/plant (no.)
	Yield/plot
(kg/ha)

	Chapainowabganj
	
	
	
	
	

	LM-156-1
	94a
	31.1
	3.1
	80.2a
	1850a

	LM-118-9
	94a
	29.8
	3.0
	60.1b
	1681b

	LM-138-3
	91b
	31.5
	2.5
	68.1ab
	1686b

	Binamasur-6
	94a
	29.6
	2.4
	54.4b
	1700b

	BARI Masur-5
	95a
	30.9
	2.3
	54.4b
	1689b

	Magura
	
	
	
	
	

	LM-156-1
	100a
	36.7
	2.3
	108a
	2214a

	LM-118-9
	100a
	37.5
	3.1
	88ab
	1869bc

	LM-138-3
	97b
	39.6
	2.3
	65b
	1785c

	Binamasur-6
	101a
	38.0
	2.4
	84ab
	1800bc

	BARI Masur-5
	100a
	37.0
	2.6
	94ab
	2100b

	Ishurdi
	
	
	
	
	

	LM-156-1
	111a
	45.1
	3.1
	121a
	2220a

	LM-118-9
	110ab
	45.5
	3.2
	90b
	1990c

	LM-138-3
	108b
	42.0
	2.8
	83b
	2000bc

	Binamasur-6
	112a
	47.0
	3.0
	100b
	1973c

	BARI Masur-5
	111a
	46.4
	3.1
	90b
	2150b


	Combined
	
	
	
	
	

	LM-156-1
	101a
	37.6
	3.1
	103
	2094a

	LM-118-9
	101a
	37.0
	3.1
	79
	1846c

	LM-138-3
	98b
	37.0
	2.5
	72
	1823c

	Binamasur-6
	102a
	38.0
	2.6
	79
	1824c

	BARI Masur-5
	102a
	38.0
	2.7
	79
	1979b



The duration and yield of lentil mutants/varieties ranged from 91-112 days and 1681-2220 kg ha-1, respectively (Table-1). The mutant line, LM-138-3 is little bit earlier than the other mutants and checks. The tested line, LM-156-1 produced the highest seed yield at Chapainowabgonj, Magura and Ishurdi followed by BARI Masur-5. From combining mean of three locations it was observed that the line LM-156-1 produced the highest seed yield followed by BARI Masur-5. This mutant line has been registered as a high yielding variety for cultivation throughout the country in 2017.

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  Ishurdi, 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 37.
Results revealed that significant variations were observed among the mutants and the check variety for maturity period, 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 113 days.  LM-138-3 was the earliest among the mutants and checks. LM-156-1 produced the highest number of pods plant-1  as well as the highest seed yield at Magura and Ishurdi. In combined mean over the locations,  the mutant LM-156-1produced the highest seed yield followed by LM-118-9. This mutant line has been registered as a high yielding variety for cultivation throughout the country in 2017.
Table 37: Yield and yield contributing characters of three lentil mutants along with two check varieties, Binamasur-6 and BARI Masur-5 at three locations during 2016-17
	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches/ plant (no.)
	Pods/plant (no.)
	Yield/plot
(kg/ha)

	Chapain

	LM-156-1
	102a
	33.6
	2.8
	82a
	1900a

	LM-118-9
	98c
	35.2
	2.5
	65ab
	1900a

	LM-138-3
	96c
	32.6
	2.4
	60ab
	1821ab

	Binamasur-6
	100b
	30.0
	2.8
	52c
	1720c

	BARI Masur-5
	100b
	32.5
	2.5
	50c
	1800b

	
	
	
	
	
	

	Magura

	LM-156-1
	102ab
	39.2
	3.0
	110a
	2352a

	LM-118-9
	99c
	37.7
	2.4
	91ab
	2140ab

	LM-138-3
	99c
	36.3
	2.7
	66c
	2066bc

	Binamasur-6
	104a
	38.5
	3.1
	89ab
	1970c

	BARI Masur-5
	102bc
	39.8
	2.7
	100a
	2200b

	
	
	
	
	
	

	Ishurdi

	LM-156-1
	110ab
	40.9
	3.1
	123a
	2400a

	LM-118-9
	112a
	38.4
	2.5
	95ab
	2120c

	LM-138-3
	106c
	39.4
	2.6
	83b
	2032d

	Binamasur-6
	112a
	42.8
	3.2
	105a
	2025d

	BARI Masur-5
	113a
	40.7
	3.0
	102a
	2220b

	Combined

	LM-156-1
	103b
	37.9
	2.9
	105a
	2217a

	LM-118-9
	100c
	37.0
	2.5
	83b
	2053b

	LM-138-3
	100c
	36.0
	2.6
	69bc
	1973c

	Binamasur-6
	105a
	37.0
	3.0
	82b
	1905cd

	BARI Masur-5
	103b
	37.7
	2.7
	84b
	2007bc




Advanced yield trial with some selected mutants of lentil 
The advanced yield trials were conducted with seven mutants along with a check variety, Binamasur-5 at Chapain, Magura and Ishurdi during 2016-17. 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 38.
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 to 107 days in BARI Masur-5. Mutant LM-138-3 was the earliest among the mutants and check, variety Binamasur-5. The highest number of pods plant-1(95)  and seed yield (kgha-1) were found in LM-118-9 and Binamasur-5 followed by LM-138-3.   These two mutants will be evaluated in the next season at different locations.
Table 38:  Performance of seven lentil mutants along with a check variety, Binamasur-5 grown at three locations during 2016-2017   
                                            
	 Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches/ plant (no.)
	Pods/plant (no.)
	Yield/plot
(kg/ha)

	Chapainowabganj
	
	
	
	
	

	LM-118-9
	100c
	31.5
	3.0
	70b
	1716a

	LM-185-2
	99d
	32.0
	2.5
	60bc
	1700a

	LM-24-3
	99d
	31.5
	2.5
	68b
	1650b

	LM-99-4
	99d
	29.6
	2.4
	56c
	1320d

	LM-138-3
	97e
	29.0
	2.6
	68bc
	1723a

	LM-21-6
	104a
	32.0
	2.3
	52c
	1600bc

	LM-206-5
	100c
	33.0
	2.4
	50c
	1525c

	Binamasur-5
	102b
	32.5
	3.0
	90a
	1728a

	Magura
	
	
	
	
	

	LM-118-9
	100c
	36.7
	3.3
	102a
	1790a

	LM-185-2
	100c
	37.5
	3.1
	81b
	1720bc

	LM-24-3
	101b
	39.6
	2.3
	75b
	1750bc

	LM-99-4
	98d
	38.0
	2.4
	54c
	1530c

	LM-138-3
	100c
	37.0
	2.7
	94a
	1779ab

	LM-21-6
	106a
	39.0
	2.8
	69b
	1730bc

	LM-206-5
	102b
	41.0
	2.7
	61c
	1725bc

	Binamasur-5
	106a
	43.0
	3.1
	93a
	1801a

	Ishurdi
	
	
	
	
	

	LM-118-9
	111a
	45.1
	3.7
	113a
	1966a

	LM-185-2
	110b
	43.5
	3.2
	93a
	1800bc

	LM-24-3
	108c
	42.0
	2.8
	73b
	1700cd

	LM-99-4
	112a
	47.0
	2.1
	57c
	1300e

	LM-138-3
	103e
	48.3
	2.5
	84b
	1852b

	LM-21-6
	107cd
	47.3
	2.6
	107a
	1700cd

	LM-206-5
	110b
	50.7
	2.6
	92a
	1725cd

	Binamasur-5
	112a
	46.4
	3.3
	90a
	1940a

	Combined
	
	
	
	
	

	LM-118-9
	103bc
	37.7
	3.3
	95a
	1823a

	LM-185-2
	103bc
	37.6
	2.9
	78b
	1740b

	LM-24-3
	102bc
	37.7
	2.5
	72b
	1700c

	LM-99-4
	103c
	38.2
	2.3
	55c
	1380e

	LM-138-3
	100d
	38.0
	2.6
	82a
	1784ab

	LM-21-6
	105b
	39.4
	2.5
	76b
	1676cd

	LM-206-5
	104b
	41.5
	2.5
	67b
	1658d

	Binamasur-5
	107a
	40.6
	3.1
	91a
	1823a



Growing of M5 population of lentil
A total of 20 M5 plants along with a check variety were grown at Magura for selecting early mutant lines of lentil with higher yield.  Data on days to maturity, plant height, number of primary branches, pods per plant were recorded from 10 randomly selected plants from each plot. Normal cultural practices were done. A total of three lines were found five days earlier than the mother, LG-115 (Table 39). Further evaluation will be done in the next season. 
Table 39:  Performance of 19 lentil mutants along with a check variety, LG-115 grown at  Magura during 2016-2017   
                                            
	Variety/ mutant
	Days to maturity
	Plant height
(cm)
	Primary Branches/ plant (no.)
	Pods/plant (no.)
	Yield
(g/plot)

	LM-175
	93
	47
	2.6
	45
	48.0

	LM-145
	91
	46
	3.2
	30
	150

	LM-195
	92
	48
	4.2
	36
	250

	LM-149
	92
	43
	3.2
	26
	120

	LM-216
	92
	58
	4.2
	40
	250

	LM-178
	93
	49
	3.1
	23
	220

	LM-172
	91
	45
	2.4
	23
	140

	LM-162
	91
	53
	1.4
	39
	150

	LM-168-1
	94
	58
	3.4
	52
	48.0

	LM-168-4
	93
	52
	3.1
	35
	12.0

	LM-141
	92
	52
	3.3
	38
	150

	LM-135
	93
	50
	3.8
	50
	125

	LM-137
	95
	45
	4.2
	56
	180

	LM-168
	95
	50
	2.2
	50
	240

	LM-215
	95
	50
	3.2
	31
	100

	LM-168-2
	93
	52
	2.6
	35
	25.0

	LM-158
	93
	51
	2.5
	37
	155

	LM-115
	92
	52
	3.6
	38
	120

	LM-193
	95
	51
	3.0
	50
	170

	LM-168-3
	93
	48
	3.8
	43
	25.0

	LG-115 (Control)
	96
	48
	3.4
	39
	120.0

	Mean
	93
	49.9
	2.64
	31.2
	104



Evaluation of ICARDA germplasm lines of lentil
The evaluation trials were conducted with 8 early lines, 7 drought lines, and six F4 lines at Ishurdi and Chapainoabgonj.  Of them, we collected 3 drought germplasm and five F5 lines. Further evaluation will be done in the next season.  

BLACKGRAM 
Advanced Yield Trial with three selected  blackgram mutants 
The trials were conducted with three promising blackgram mutants along with a check varietiy, 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 40 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. Statistical analyses were performed by Duncan`s Multiple Range Test (Gomez and Gomez, 1984).
Table 40. Mean of yield and yield contributing characters of seven selected mutants of blackgram grown at two locations, Magura and Chapainowabgonj during 2016

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

	

	BM-404
	42.8 abc
	2.8
	38.6a
	6.1  b
	3.7c
	769a
	

	BM-108
	45.0 ab
	3.2
	35.0 a
	7.1 a
	3.4 c
	757a
	

	BM-409
	35.6 c
	2.1
	20.5b
	6.2  b
	5.5 a
	676b
	

	BARI Mash-3
	46.9 a
	2.0
	25.2 b
	5.7  b
	3.9 bc
	754a
	

	Chapainoabgonj

	BM-404
	44.6a
	1.9
	33.0 a
	6.0
	6.3
	919a
	

	BM-108
	34.4 b
	2.8
	28.2 a
	6.3
	6.6
	861b
	

	BM-409
	35.5 b
	3.0
	20.2 c
	6.1
	6.3
	857b
	

	BARI Mash-3
	37.6b
	2.2
	23.5 ab
	6.3
	6.6
	795c
	

	Combined

	BM-404
	43.7
	2.4
	35.8
	6.1
	5.0
	844a
	

	BM-108
	39.7
	3.0
	31.6
	6.7
	5.0
	809ab
	

	BM-409
	35.6
	2.6
	20.4
	6.2
	5.9
	766c
	

	BARI Mash-3
	42.3
	2.1
	24.4
	6.0
	5.0
	799ab
	



Results revealed that there was significant difference for most the characters at Magura except  number of primary branches pod-1   (Table 40). It was non-significant for number of primary branches pod,-1seeds per pod and 100-seed weight at Chapainowabgonj. BM-108 was the tallest among the mutants and checks at Magura. In case of pods per plant and seeds per pod, BM-404 had highest pods and BM-108 had the highest number of seeds per plant. Seed yield was highest for BM-404 because of its higher number of pods per plant. BM-404 and BM-108 possessed higher number of pods per plant and higher seed yield at  Chapainowabganj. Combined mean of two locations, it was observed that BM-404 produced the highest seed yield followed by BM-108 and BARI Mash-1.  Mutant  BM-404 and BM-108 will be evaluated in the next season.
Growing of M2 generation of blackgram
To create variability BARI Mash-2 and BARI Mash-3 were irradiated with 700 Gy, 800 Gy and 800 Gy of gamma rays and were grown at Magura 2015. A total of 312 M1 plants were harvested dose-wise as 700 Gy, 800 Gy and 800 Gy was grown in plant-progeny-rows in 2016 and a number of deviant plants were selected on the basis of number of pods, earliness and erectness. A total of 18 mutants were selected on the basis of number of pod, plant type, seeds per pod and diseases reactions. Highest number of pods per plant was found in BM-118 and followed by BM-803 and BM-705 (Table 41).
Table 41: Different characters of the selected M2 mutants of blackgram during 2016 
	Strain/variety
	Plant height
(cm)
	Branches
plant-1
(no.)
	Pods plant-1
(no.)
	Seeds pod-1
	Characteristics

	BM-807
	56
	8
	118
	6
	Erect, more pod

	BM-814
	47
	3
	46
	6
	Erect

	BM-811
	51
	2
	67
	6
	Erect

	BM-812
	63
	5
	79
	7
	Erect

	BM-815
	55
	3
	89
	7
	Erect, more pod

	BM-809
	48
	5
	82
	5
	Erect

	BM-805
	47
	9
	97
	6
	Erect

	BM-806
	50
	4
	103
	7
	Taller and more pod

	BM-816
	47
	3
	63
	6
	Erect

	BM-813
	55
	6
	92
	7
	Taller and more pod

	BM-803
	50
	6
	110
	7
	Toller and more pod

	BM-808
	52
	7
	91
	7
	Erect and less disease

	BM-704
	41
	5
	86
	6
	Erect, less disease

	BM-708
	52
	5
	81
	6
	Erect, less disease

	BM-705
	48
	4
	110
	6
	Erect and more pods

	BM-703
	49
	6
	42
	5
	Erect plant

	BM-707
	39
	6
	71
	6
	Short plant

	BM-604
	49
	2
	75
	7
	More pod

	BARI Mash-3
	47
	3
	39
	6
	Less no. of pod



Growing of M1 generation of blackgram
To create variability BARI Mash-3 was irradiated with 700 Gy, 800 Gy and 800 Gy of gamma rays and were grown at Magura 2016. A total of 350 M1 plants harvested dose-wise as 700 Gy, 800 Gy and 800 Gy will be grown in plant-progeny-rows in 2017.  
Growing of M1 generation of blackgram in summer season
Two local blackgram varieties, tori and Chaita have been collected and irradiated with 600 Gy, 700 Gy and 800 Gy of gamma rays and were grown at Magura in March 2017. A total of 26 plants were harvested separately and will be grown in the coming season. 




GRASSPEA 
Preliminary yield trial with five selected grasspea mutants 
The preliminary yield trials were carried out with five gresspea mutants along with a check variety Binakhesari-1, at Magura and Chapain during 2016-2017. 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 kgha-1. Statistical analysis of different characters of the mutants and the check are presented in the Table 42.
Table 42: Mean of yield and yield contributing characters of six selected mutants of grasspea grown at two locations, Magura and Chapainowabgonj during 2016-17

	Strain/variety 
	Date to maturity
	Plant height
(cm)
	Branches
plant-1
(no.)
	Pods plant-1
	Seeds pod-1
	Yield
(Kg/ha)

	Magura

	GM-108
	121ab
	118ab
	3.0
	40.7a
	3.8
	760a

	GM-300
	120b
	111ab
	3.2
	32.8ab
	3.7
	716ab

	GM-105
	121ab
	110ab
	3.5
	28.6c
	3.7
	686b

	GM-250
	121ab
	95c
	3.5
	40.6a
	4.1
	706ab

	GM-102
	118c
	131a
	2.3
	34.9ab
	4.2
	643c

	GM-350
	123a
	126ab
	3.0
	31.3ab
	3.7
	663bc

	BARI Kheshari-2
	120b
	96c
	4.5
	36.7a
	4.2
	733ab

	Binakhesari-1
	120b
	137a
	3.1
	29.0
	4.1
	750a

	Chapainoabgonj

	GM-108
	110c
	55b
	2.5
	26.3
	3.5
	601

	GM-300
	110c
	56b
	2.4
	20.0
	3.7
	351

	GM-105
	113b
	57b
	2.1
	45.3
	3.8
	835

	GM-250
	113b
	53bc
	2.1
	40.0
	3.5
	813

	GM-102
	108d
	46c
	2.2
	24.3
	2.5
	743

	GM-350
	113b
	59b
	2.3
	28.0
	3.5
	884

	BARI Kheshari-2
	113b
	73a
	2.7
	31.0
	3.8
	781

	Binakhesari-1
	115a
	57b
	2.1
	24.3
	3.8
	735

	Combined

	GM-108
	116b
	86
	2.8
	33.5a
	3.7
	681b

	GM-300
	115b
	83
	2.8
	26.0b
	3.7
	533c

	GM-105
	118a
	83
	2.8
	37.0a
	3.7
	760a

	GM-250
	117a
	74
	2.8
	36.3a
	3.8
	759a

	GM-102
	113c
	89
	2.2
	29.6a
	3.3
	693b

	GM-350
	118a
	93
	2.6
	29.6a
	3.6
	473d

	BARI Kheshari-2
	118a
	105
	3.6
	33.8a
	4.0
	757a

	Binakhesari-1
	118a
	97
	2.6
	28.0b
	4.0
	742a



From the result, significant variations were observed for all the characters at Magura and Chapainowabganj except number of branches per plant and seeds per pod. It was observed that mutant GM-102 was the earliest for maturity.  The mutant GM-105 produced highest yield at  Chapainowabganj and combined over two locations followed by GM-250. The two mutants were selected for further trial in the next growing season.

Growing of M3 generation of grasspea
To create variability Binaheshari-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 2015. 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 were grown in plant-progeny-rows at Magura in 2016 and a total of 37 deviant were selected. These mutants will be grown in plant- progeny-rows in the next season.

Growing of M1 generation of grasspea
To create variability Binakhesari-1 and BARI Khesari-2 were irradiated with 250 Gy, 300 Gy and 350 Gy of gamma rays and were grown at Magura with their parents 2015. A total of 125 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 next season.

JUTE
Screening and evaluation of M3 population of JRO-524
With a view to select plants with short duration high fiber and stick yield, seeds of twenty five M3 populations of JRO-524; 4 from 700 Gy, 6 from 800 Gy, 5 from 900 Gy and 10 from 1000 Gy along with the parent JRO-524 were sown in the field on 5 May 2017 at BINA sub-station farm, Magura following plant-progeny-rows. The unit plot size varied with population sizes. The plants were spaced at 5-7 cm within rows of 40 cm apart. The length of each row was 4.0 m.  Recommended doses of fertilizers, cultural and intercultural practices were followed as and when necessary. The experiment is not yet harvested.
Screening and evaluation of M2 population of O-795
With a view to select plants with short duration high fiber and stick yield, seeds of 4 bulk populations of the BJRI released Tossa jute variety, O-795 derived from 500 Gy and 700 Gy, doses of gamma rays along with the parent O-795 were sown in the field on 30 May 2017 at BINA sub-station farm, Rangpur following non replicated design.  A unit plot comprised 5 rows of 3.0 m length. Plants were spaced at 5-7 cm within rows of 40 cm apart..   Recommended doses of fertilizers, cultural and intercultural practices were followed as and when necessary. The experiment is not yet harvested

ONION

On farm and on-station trials using M9 seed for bulb yield potentials in Kharif-I season of 2016.
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 10.0 m length. Seeds were sown on 01 February 2016 at BINA Head Quarter’s farm Mymensingh. The seedlings were transplanted on 13 March at BINA substation farm, Rangpur, on 14 March at BINA substation farm, Ishurdi, on 16 March at BINA substation farm Chapainawabgonj, on 23 March at BINA substation farm Magura, 25 March at, Bogra. 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 apart from recommended cultural and intercultural operations. Data on plant height, leaves/plant, bulb diameter, individual bulb weight were recorded from randomly selected five competitive plants. Fresh and dry yield were recorded from the whole plot and later converted to t/ha. Weight loss on storage was calculated by subtracting dry weight (after 2 months) from fresh weight. Finally, appropriate statistical analyses were made as per the design used and presented in Table 43.

Table 43: Bulb yield and related traits of two mutant lines and the check varieties of summer onion at five locations in Kharif-I, 2016

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

	Rangpur 
	

	BP2/100/2
	42.00
	4.03
	3.27
	11.60
	1030.00
	868.33
	5.57
	16.0

	BP2/75/2
	41.66
	4.29
	2.96
	12.81
	1041.33
	839.00
	5.83
	19.4

	BARI Piaz-3
	34.80
	3.01
	2.38
	10.65
	905.00
	708.00
	4.51
		22.0

	LSD (0.5)
	2.0
	0.56
	0.19
	0.39
	88.0
	55.0
	0.23
	0.44

	Ishurdi
	

	BP2/100/2
	40.00
	5.00
	3.74
	13.60
	1200.00
	956.33
	6.80
	20.0

	BP2/75/2
	38.54
	4.90
	3.36
	12.06
	1102.33
	905.00
	6.03
	18.0

	BARI Piaz-3
	38.62
	4.25
	2.90
	10.20
	995.00
	860.00
	5.10
	14.0

	LSD (0.5)
	0.42
	0.35
	0.22
	0.41
	84.0
	45.0
	0.13
	0.52

	Chapainawabganj
	

	BP2/100/2
	41.00
	4.23
	3.20
	11.60
	1250.00
	1062.50
	5.80
	15.0

	BP2/75/2
	39.05
	4.47
	3.37
	12.24
	1123.33
	909.90
	6.12
	19.0

	BARI Piaz-3
	40.50
	3.61
	2.92
	9.90
	1007.00
	795.53
	4.95
	21.0

	LSD (0.5)
	0.71
	0.42
	0.09
	0.33
	92.0
	96.0
	0.42
	0.56

	Magura
	

	BP2/100/2
	38.07
	4.86
	3.68
	13.32
	1220.00
	1024.80
	6.66
	16.0

	BP2/75/2
	40.22
	4.82
	3.63
	13.20
	1155.00
	947.10
	6.60
	18.0

	BARI Piaz-3
	41.00
	4.23
	3.19
	11.60
	1024.00
	819.20
	5.80
	20.0

	LSD (0.5)
	0.36
	0.26
	0.11
	0.29
	57.0
	79.0
	0.29
	0.49

	Bogra
	

	BP2/100/2
	42.00
	5.11
	3.85
	14.00
	1340.00
	1152.40
	7.00
	14.0

	BP2/75/2
	40.50
	4.58
	3.45
	12.54
	1095.00
	908.85
	6.27
	17.0

	BARI Piaz-3
	39.65
	3.89
	3.02
	10.66
	955.00
	773.55
	5.33
	19.0

	LSD (0.5)
	0.96
	0.51
	0.31
	0.53
	96.0
	99.0
	0.33
	0.47



It appeared that BP2/100/2 had the tallest plant height at all locations except Magura where BARI Piaz-3 had the tallest plant (Table 43). Leaf number, an important yield attributes in onion, was the highest in the mutant BP2/100/2 at all locations except Rangpur and Chapainowabganj. At Rangpur and Chapainowabganj the mutant BP2/75/2 had highest number of leaves/plant which did not differ significantly from that of the mutant BP2/100/2 but differ significantly from the check variety, BARI Piaz-3. BP2/100/2 had significantly the largest bulb size, expressed here as bulb diameter at all locations except at Chapainowabnanj where the mutant BP2/75/2 had the largest bulb diameter. In contrast, BARI Piaz-3 had significantly the smallest bulb size. Another parameter for bulb size, individual bulb weight was significantly the highest in BP2/75/2 at all locations except Rangpur and Chapainowabganj. At Rangpur and Chapainowabganj the mutant BP2/100/2 had highest individual bulb weight. In contrast, BARI Piaz-3 had significantly the lowest individual bulb weight at all locations. The mutant BP2/100/2 had significantly the highest fresh and dry bulb yields at all locations except Rangpur where the mutant BP2/75/2 had the highest fresh and dry bulb yields although did not differ significantly from BP2/100/2. In contrast, BARI Piaz-3 had significantly the lowest fresh and dry bulb yields 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 except at Ishurdi. 
On farm and on-station trials for seed yield potential of the M9 mutants
This experiment was carried out with two mutant lines: BP-2/75/2 and BP2/100/2 along with a check variety, BARI Piaz-3 following RCB design with 3 replications. Unit plot size was 3.0 m  1.0 m. Seeds were sown on 3 October, 2016 at BINA Head Quarter’s farm, Mymensingh. Seedlings were transplanted at Rajshahi on 6 December, at Rajbari on 9 December and at Manikgonj on 8 December 2016 at 15 cm distance within rows of 20 cm apart. The experiment at Natore was damaged due to hail storm during the flowering stgae.  Fertilizers were applied at the rate of Urea 320 kg, TSP 415 kg, MoP 170 kg and Gypsum 100 kg ha-1 apart from recommended cultural and intercultural operations. Data on number of flowering plants, umbel diameter, number of inflorescence umbel-1, and seed yield plant-1 were recorded from 10 randomly selected competitive plants. Seed yield was also recorded plot basis and later converted to kg ha-1. Finally, appropriate statistical analyses were made as per the design used and are presented in Table 44.

Table 44: Seed yield and related traits of three mutant lines of summer onion at three locations during winter season, 2016-17

	Mutant/
variety
	Flowering plant (no.)
	Inflorescence umbel -1(no.)
	Umbel diameter (cm)
	Yield plant-1  (g)
	Seed yield
(kg ha-1)

	Rajbari

	BP2/100/2
	149.00
	217.10
	6.15
	1.45
	720.00

	BP2/75/2
	148.00
	199.33
	6.02
	1.20
	592.00

	BARI Piaz-3
	50.00
	178.07
	5.98
	0.93
	155.00

	LSD (0.05)
	18.94
	20.57
	0.12
	0.16
	34.62

	Manikgonj

	BP2/100/2
	148.00
	195.33
	6.50
	1.47
	725.00

	BP2/75/2
	149.00
	193.33
	6.02
	1.18
	586.00

	BARI Piaz-3
	40.00
	175.67
	4.63
	0.81
	122.00

	LSD (0.05)
	14.15
	11.91
	0.07
	0.11
	45.69

	Rajshahi

	BP2/100/2
	149.0
	226.2
	6.60
	1.47
	730.0

	BP2/75/2
	150.0
	212.2
	6.79
	1.19
	595.0

	BARI Piaz-3
	53.0
	200.5
	6.45
	0.86
	163.0

	LSD (0.05)
	14.57
	17.78
	0.13
	0.19
	36.47


Number of flowering plants is an important indicator for seed yield of onion. It appeared that both the mutants BP2/75/2 and BP2/100/2 had significantly higher number of flowering plants than the check variety BARI Piaz-3 at all locations (Table 44). The mutant line BP2/100/2 had the highest number of inflorescence umbel-1 at all locations followed by mutant BP2/75/2. The check variety, BARI Piaz-3 had the lowest number of inflorescences   at all locations. Umbel diameter of the mutant BP2/100/2 was largest at all locations except Rajshahi. At Rajshahi, the mutant BP2/75/2 had the largest umbel. In contrast, BARI Piaz-3 had significantly the smallest umbel size at all locations.  Seed yield plant-1 of the mutants was significantly higher than the check variety BARI Piaz-3 at all locations. The mutant BP2/100/2 had the highest seed yield plant-1 at all locations followed by the mutant BP2/75/2. Seed yield ha-1 was significantly the highest in BP2/100/2 at all locations followed by BP2/75/2. In contrast, the check variety, BARI Piaz-3 had the lowest seed yield ha-1 at all locations (Table 44). 

M10 pure seed production
Seeds of three M9 mutant lines: BP2/75/2, BP2/75/5 and BP2/100/2 of summer onion were sown on 3 October at BINA Head Quarter’s farm Mymensingh. Seedlings of the mutant BP2/75/5 was transplanted at BINA sub-station farm, Ishurdi in an area of 70 m2 on 21 November, BP2/75/2 at BINA sub-station farm, Chapainawabgonj in area of 70m2 on 29 November and BP2/100/2 at BINA sub-station farm, Rangpur in an area of 22 m2 on 28 November 2016 at 15 cm distance within rows of 20 cm apart. Fertilizers were applied at the rate of Urea 320 kg, TSP 415 kg, MoP 170 kg and Gypsum 100 kg/ha apart from recommended cultural and intercultural operations. Finally, seeds were collected from the whole plot at harvest and the amount of pure seed is presented in Table 3. The seed plot of BP2/75/5 at Ishurdi, BP2/100/2 at Rangpur produced very limited amount of seeds because of plant damage by hail storm before maturity (Table 45). The other mutant BP2/75/2 produced plenty of seeds at Chapainawabgonj. The maturity period of the mutants ranged from 148 to 155 days. 

Table 45: Pure seed yield and maturity period of three mutant lines of summer onion at four separate locations during winter season, 2016-17
	Mutants/
varieties
	Location
	Days to maturity
	Seed yield (g)

	BP2/75/2
	Chapainwabganj
	153
	1000

	BP2/100/2
	Rangpur
	150
	40

	BP2/75/5
	Ishurdi
	148
	20



On farm and on-station trials using M9 seed for bulb yield potentials in Kharif-I season, 2017
This experiment was carried out with three mutant lines along with two check varieties, BARI Piaz-3 and BARI Piaz-5 following RCB designs with 3 replications. Unit plot size was 3.0 m  1.0 m. Seeds were directly sown on 12 February at Lalmonirhat, BINA substation farm Magura and Bogra, 13 February at Jessore  and 15 February at BINA sub-station farm, Rangpur  in 2017. Fertilizers were applied at the rate of Urea 200 kg, TSP 175 kg, MoP 150 kg and Gypsum 110 kg ha-1 apart from recommended cultural and intercultural operations. Data on number of leaves plant-1, bulb diameter, and individual bulb weight were recorded from randomly selected five competitive plants. Fresh and dry bulb yields were recorded from the whole plot which was later converted to tha-1. Finally, appropriate statistical analyses were made as per the design used and are presented in Table 46.
An important yield contributing character of onion is leaf number plant-1 at vegetative stage, was significantly higher in all the three mutants BP2/75/2, BP2/100/2 and BP2/75/5 at all locations except BP2/100/2 at Bogra (Table 46). At Bogra, the mutant BP2/75/5 had significantly lower number of leaves plant-1 although did not differ significantly from the check varieties, BARI Piaz-3 and BARI Piaz-5. Similarly, all the mutants had significantly broader bulb diameter than the check varieties except the mutant BP2/75/5 at Rangpur and Chapainowabganj, and BP2/75/2 at Bogra. The mutant BP2/75/5 had significantly smaller bulb diameter than the check variety at Rangpur but at Chapainwabgonj its bulb diameter did not differ significantly from the check varieties. The mutant BP2/75/2 had significantly smaller bulb diameter than both the check varieties at Bogra (Table 46).

Table 46: Bulb yield and related traits of three mutant lines and the check varieties of summer onion at six locations
	Mutant/variety
	Laves plant-1
(no.)
	Bulb diameter (cm)
	Individual bulb weight (g)
	Bulb yield 
(t ha-1)

	Lalmonirhat

	BP2/75/2 
	6.13
	4.01
	19.43
	9.71

	BP2/100/2
	6.07
	3.88
	15.95
	7.96

	BP2/75/5
	6.00
	3.57
	13.47
	6.73

	BARI Piaz-3
	5.27
	3.32
	12.97
	6.48

	BARI Piaz-5
	5.07
	3.58
	12.47
	6.73

	LSD (0.05)
	0.20
	0.09
	0.18
	0.14

	Rangpur

	BP2/75/2 
	5.83
	4.44
	18.77
	9.32

	BP2/100/2
	6.23
	4.27
	18.90
	9.45

	BP2/75/5
	5.70
	3.10
	14.64
	8.33

	BARI Piaz-3
	5.50
	3.61
	17.27
	8.63

	BARI Piaz-5
	4.97
	3.42
	13.57
	6.45

	LSD (0.05)
	0.31
	0.11
	0.17
	0.13

	Chapainawabgonj

	BP2/75/2 
	5.10
	4.01
	17.50
	9.25

	BP2/100/2
	5.50
	4.23
	18.63
	9.01

	BP2/75/5
	4.27
	3.35
	14.47
	7.23

	BARI Piaz-3
	4.00
	3.11
	12.30
	6.15

	BARI Piaz-5
	4.10
	3.42
	14.70
	7.35

	LSD (0.05)
	0.20
	0.22
	0.64
	0.24

	Magura

	BP2/75/2 
	5.00
	4.67
	15.00
	9.05

	BP2/100/2
	5.67
	4.87
	16.00
	9.50

	BP2/75/5
	5.47
	4.05
	14.07
	8.73

	BARI Piaz-3
	4.87
	3.36
	14.10
	7.55

	BARI Piaz-5
	4.87
	3.59
	13.80
	7.90

	LSD (0.05)
	0.15
	0.11
	0.41
	0.27

	Jessore

	BP2/75/2 
	6.00
	4.50
	18.11
	9.05

	BP2/100/2
	6.20
	4.99
	18.89
	9.44

	BP2/75/5
	5.80
	4.65
	17.21
	8.05

	BARI Piaz-3
	5.20
	3.32
	14.31
	7.15

	BARI Piaz-5
	5.50
	4.41
	16.03
	7.51

	LSD (0.05)
	0.14
	0.09
	0.89
	0.11

	Bogra

	BP2/75/2 
	5.97
	2.67
	9.17
	4.58

	BP2/100/2
	5.17
	3.65
	12.40
	6.20

	BP2/75/5
	5.93
	3.04
	10.67
	5.33

	BARI Piaz-3
	5.43
	2.99
	8.97
	4.48

	BARI Piaz-5
	5.37
	2.96
	10.37
	5.18

	LSD (0.05)
	0.30
	0.08
	0.23
	0.19


Individual bulb weight was also significantly higher in all the mutant lines than the check varieties at Lalmonirhat and Jessore (Table 46). But two mutants BP2/75/2 and BP2/100/2 had significantly higher individual bulb weight than both the check varieties at Rangpur,  Chapainowabganj and Magra sub-station farms. But at Bogra, the mutant BP2/100/2 and BP2/75/5 had significantly higher individual bulb weight than the both the check varieties ( Table 46).
Bulb yield ha-1 was significantly higher at five locations out of six in two mutants BP2/75/2 and BP2/100/2 (Table 46). The mutant BP2/100/2 produced significantly higher bulb yield at Bogra than both the check varieties. But the mutant BP2/75/2 produced significantly lower bulb yield than the check variety, BARI Piaz-5 at Bogra. But compare to the other check variety, BARI Piaz-3 its bulb yield was to some extent higher although not significantly different.  


Biotechnology Division

Research Highlights 
Genetic Engineering:
We initiated the gene isolation cloning programme of salinity, drought, submergence tolerant novel genes from local and wild rice genotypes.
Three novel salinity and drought tolerant genes OsNHX1, OsNHX2 and OsSOS1 from Pokkali were isolated and cloned into pDONOR221 vector using Gateway Cloning techniques.
One salt tolerant gene OsARP (FR13A) and one drought tolerant gene OsDREB (Pokkali) were cloned into the plant expression vector pB2WG7 and transformed Agrobacterium strain GV3101 by heat shock method.
Protocol for Agrobacterium mediated indica rice transformation has been established using mature and immature embryogenic calli. Agrobacterium strain GV3101 harbouring three salt/drought tolerant genes OsCAL, OsMST6 and OsABS are being used for rice transformation.

Mutation and molecular breeding: 
During Boro season of 2016-17, on-station/on-farm yield trial was conducted with four mutant lines along with check varieties BRRI dhan28 and BRRI dhan29. Among them, two mutant lines THDB and E-02 were found promising in respect of grain yield and early maturity. Field evaluation trials will be conducted in next Boro season for releasing as varieties.
During T. aman season of 2016, on-station/on-farm yield trial was conducted with three premium quality mutant lines along with check Binadhan-7. Among them, two mutant lines MV-20 and MV-40 were found promising in respect of grain yield, quality and early maturity. Field evaluation trials will be conducted in next T. aman season for releasing as variety.
In T. Aman 2016 and Boro 2016-17 a total of five local rice genotypes were irradiated for developing high yielding, stress tolerant (biotic and abiotic) mutant lines and about 100 M2 Plants were selected on the basis of yield, early maturity and insect/diseases resistance. 
For developing salt tolerant and diseases resistant high yielding rice variety, a total of 23 F1 plant were selected and backcrossed with the recurrent plant and finally 232 BC1F1 seeds were collected.
Identification and utilization of high yield QTLs for breaking yield ceiling from a cross from wild rice (O. rufipogon) and a released variety Binadhan-16. For these purpose a total of 14 BC1F1 plant were selected through selected foreground.
In Rabi season 2016, seeds of millet (kaon) and cheena and cowpea (Felon) were irradiated and M2 seeds were collected.



PROGRAMME AREA I: GENETIC ENGINEERING
Expression and detection of salinity and drought induced genes through RT-PCR Hydroponic plant culture
Rice cultivars FR13A (salt/drought tolerant) and BRRI dhan29 (salt susceptible) were used in this study. Rice seeds were kept in oven 50°C temp 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. 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 pH 5.2. Seedlings were grown in a controlled environment chamber (Glasshouse) with day/night temperatures of 25/21 under 14 h of light (300μEm−2s−1); humidity was approximately 50%. Afterwards, the plants were salinized by adding NaCl at a final concentration of 150 mM to the nutrient solution for control (0h), 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 was done using shoots and leaves of rice cultivar cvs. FR13A 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 2µl ethidium bromide per 100 ml 1X TAE buffer. Electrophoresis was performed at voltage of 70 V for the duration of 70 min. The quantification of total RNA was accomplished with the utilization of a Namedrop ND1000 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 OsARP, OsMGD, OsGGT, OsDREB, OsSAP and OsSalT genes was carried out using specific primers for amplification of PCR products around 180–300 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 stained in ethidium bromide.
Results
Expression of OsARP, OsMGD, OsDREB, OsSAP, OsGGT and OsSalT genes of rice 
To assess the effect of salt on the expression of OsARP, OsMGD, OsGGT, OsDREB, OsSAP and OsSalT genes, total RNA was isolated from tissues of NaCl FR13A and BRRI dhan29. The expression level of these genes in tissues were evaluated by semi-quantitative RT-PCR. The results indicated that expressions of OsARP, OsMGD, OsDREB, OsSAP and OsSalT genes were up-regulated until 72h salinity stress. But for OsARP, OsMGD and OsGGT the transcript levels were very low or undetectable in 1h of 150mM NaCl stress in salt tolerant cultivar FR13A. On the other hand, the level of expression of these genes in BRRI dhan29 were in consistent, where  up regulation was detected in 72h for OsARP, 1h for OsMGD, 6h and 24h for OsGGT and OsSalT; 1h and 72h for OsDREB and 24h for OsSAP (Fig. 1). In FR13A, OsAPR and OsMGD are major novel genes conferring tolerance to salinity, drought and submergence stress. The OsARP protein involved in regulating vacuolar antiporter of Na+/H+ responsible for compartmentalization excess Na+ into vacuole. The OsMGD maintained choloroplast integrity in high salt and drought stress. As a result, higher photosynthesis is also maintained in these stresses. The gene OsSAP is responsible for tolerance in seedling stage and also confer tolerance in long term salinity stress. The levels of expression of these genes in BRRI dhan29 were unstable and even no expression was detection in most of time points of salinity stress. This indicated that BRRI dhan29 is not capable of conferring short term as well as long term salinity stress. 
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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 (OsNHX1, OsNHX2 and OsSOS1 through Gateway technology

Hydroponic plant culture
The rice cultivar Pokkali was used to make clones of three novel genes OsNHX1, OsNHX2 and OsSOS1. Rice seeds were kept in oven to break the dormancy and soaked with distilled water in the Petridish. 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. The salinity level was measured through electrical conductivity (EC) using the EC meter. New solution was added every seven days and the pH was monitored everyday and maintained at pH 5.2. Seedlings were grown in a glass house.  The plants were stressed by adding NaCl at a final concentration of 150mM to the nutrient solution for control (0h), 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 and cDNA synthesis
Total RNA extraction was done using shoots and leaves of rice cultivar cvs. Pokkali 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 2µl ethidium bromide per 100 ml 1X TAE buffer. Electrophoresis was performed at 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 OsNHX1, OsNHX2 and OsSOS1 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. 2A,B; 3A,B and 4A, B). The linear fragments flanked by attB sequences were subjected to site-specific recombination with the entry vector pDONR221 (Invitrogen), containing the ccdB gene, flanked by attP sites and catalyzed by BP Clonase used yielding entry clones. 
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Fig  2. Cloning of OsNHX1(A) 1st PCR for gene amplification by Q5 High Fidelity polymerase from New England Biolabs, (B) 2nd PCR using attB1 adapter primers, (C) Purified 2nd PCR gene product, (D) Confirmation of clone by colony PCR and (E) Confirmation of clone by PCR from plasmid
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 (
NHX2
)Fig 3. Cloning of OsNHX2(A) 1st PCR for gene amplification by Q5 High Fidelity polymerase from New England Biolabs, (B) 2nd PCR using attB1 adapter primers, (C) Purified 2nd PCR gene product, (D) Confirmation of clone by colony PCR and (E) Confirmation of clone by PCR from plasmid
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Fig 4. Cloning of OsSOS1(A) 1st PCR for gene amplification by Q5 High Fidelity polymerase from New England Biolabs, (B) 2nd PCR using attB1 adapter primers, (C) Confirmation of clone by colony PCR and (D) Confirmation of clone by PCR from plasmid.
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 kanamycin. 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 will be used to clone into plant expression vector pB2WG7 containing cauliflower mosaic virus 35S promoter and herbicide (Basta) resistant gene by using LR Clonase.
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Fig  5. Colony formation of E. coli harbouring OsSOS1 gene on LB agar containing 50mgml–1 kanamycin.

Transfer of OsARP and OsDREB from entry clone to expression/destination vector pB2WG7

Expression vector is used to introduce a specific gene into a target cell which promotes cell's mechanism for protein synthesis to produce protein encoded by inserted gene. It is a basic tool in biotechnology for the production of proteins in target cells. Different types of expression vectors are available for the expression of cloned genes in plant cells. We used the expression vector pB2WG7 which is well known for Basta selection. The pB2WG7 expression vector contains 35S promoter from cauliflower mosaic virus and it has herbicide (Basta) resistant genes. Previously developed OsARP and OsDREB entry clones were transfered/recombined in the expression vector pB2WG7 using LR clonase and following the protocol described in Gateway cloning procedure which is known as LR reaction. The LR reaction products are then transformed in the E. coli strain by heat shock method. After transformation, all transformation products were spread on LB agar plates containing 75µgmL–1 spectinomycin to select positive colonies. Positives colonies from antibiotic selection were then further confirmed by colony PCR using OsARP and OsDREB and gene specific primers. These colonies were the end products/complete construct of OsARP and OsDREB genes and are ready for gene expression (Fig 6). 
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Fig 6. Confirmation clones in expression vector (pB2WG7) by antibiotic selection and colony PCR.

Transformation of OsARP and OsDREB and genes in Agrobacterium strain GV3101
We used Agrobacterium  strain GV3101 for transforming our gene constructs. This strain works excellent with all dicots and also with monocots. Plasmids from positive colonies of previously developed OsARP and OsDREB gene constructs were isolated using Qiagen Plasmid isolation Kit and then used to transform in Agrobacterium strain GV3101 by heat shock method. After transformation, transformed products were then grown on LB medium containing three antibiotics viz. spectinomycin, gentamycin and refampicin. The colonies, grown on LB medium containing three antibiotics grown in 280C, were considered as positive colony contained our gene of interest. Positive colonies were then confirmed by colony PCR using OsARP and OsDREB gene specific primers (Fig 7). After confirmation, positive colonies of Agrobacterium strain GV3101containg genes were cryo-preserved in 50% glycerol (1:1 ratio) and stored in -800C freezer for further use.
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Fig 7. Confirmation  transformed Agrobacterium by antibiotic selection. 


Transfer of salinity and drought tolerant genes into rice through Agrobacterium                          mediated gene transformation

Experiments were conducted to establish efficient gene transformation protocol for rice and to find effective method for Agrobacterium mediated transformation for developing transgenic rice variety with enhanced stress tolerance. Here, we used different genes viz. OsMST6, OsRAS, OsRAN and OsCAL for transforming the rice cultivars Binadhan-7, BRRI dhan29 and IR64. We used mature and immature embryo to induce rice callus and gene transformation. 

Induction of embryogenic calli from mature embryo 
Mature, healthy and diseases free dehusked Binadhan-7,  BRRI dhan29 and IR64  seeds were surface sterilized with 70% ethanol and then with 3% sodium hypochloride solution and then disinfectant from sterilized seeds were removed by 7-9 washes with sterile distilled water. Surface sterilized seeds were then cultured on callus induction medium (MS salts: Murashige and Skoog, 1962) modified by IRRI at 25°C under continuous light for 7-10 days. After 7-10 days, the embryogenic calli developed from Binadhan-7, BRRI dhan29 and IR64 were ready for co-cultivation (Fig 8). 
[image: C:\Documents and Settings\Siti\Desktop\for report\Callus induction.jpg]
Fig 8. Induced embryogenic calli for transformation using Agrobacterium tumefaciens

Preparation of Agrobacterium strains for co-cultivation
Gene constructs of  OsRAS, OsRAN, OsMST6 and OsCAL from glycerol stocks were taken from -800C freezer and then streaked on AB medium containing three antibiotics selection markers. The streaked cultures were then incubated in an incubator at 280C for three days at dark conditions. The colonies, which contain our target genes, were grown after three days in AB medium (Fig 9). Then, a loop full of Agrobacterium culture from isolated colonies were taken and suspended in 40 mL infection media (containing 20 g/L sucrose, 10g/L glucose, 500 mg/L casamino acid, 876 100mg/L glutamine 260 mg/L aspartic acid, 174 mg/L arginine  100 µM acetosyringone (pH 5.2).) in a Falcon tube. Agrobacterium cultures were then mixed with infection medium using 10mL micropipette. The optical density of Agrobacterium cells in infection medium was adjusted at 0.1 by adding sterile infection medium for calli transformation. The calli from induction media were then transferred into the Falcon tube containing Agrobacterium broth and mixed gently for 1-1.5 minutes. After mixing, excess Agrobacterium containing media were discarded in a disinfection media and callus were put on sterile Whatman filter paper to remove excess Agrobacterium suspension from calli surface. After removing excess Agrobacterium solution, calli were then transferred to another filter paper moist with infection medium and then transferred on co-cultivation media for three days at 250C at dark conditions.    
[image: IMG_20161003_162112]
Fig 9.  Growing  of Agrobacterium harboring OsCAL gene in AB medium for calli transformation

Growing transformed calli on selection medium
After three days of co-cultivation, callus were transferred into a Falcon tube and washed with sterile distilled water for 5-6 times to remove excess Agrobacterium from calli surface. Final washed were done with sterile distilled water containing 250 mg/L cefotaxime to kill Agrobacterium strains present on calli surface. The washed calli were then transferred into selection media to grow the calli for 14-21 days under continuous light. Based on construct nature, selection material (Basta 5mg/L) was used in selection media to select positive transformed calli (Fig 10). 
[image: Tissue culture]
Fig 10. Transformed calli using Agrobacterium harbouring genes of interest

Induction of embryogenic calli from immature embryos 
Preparation of embryo from immature seeds for transformation
Rice cultivars BRRIdhan29 and IR64 were grown in pot to get panicles at right stage. The panicles were harvested after 12 days of anthesis at milky stage to get immature embryo (Fig 11). Immature seeds from panicles were dehulled carefully and put in Falcon tube for surface sterilization. In this case surface sterilization was done using 70% ethanol and 1% sodium hypochlorides and, subsequently washed with sterile water to remove excess disinfectant from surface of the seeds. Immature embryos (Fig 12) from endosperm were then separated under sterio-microscope and kept in a Falcon tube for co-cultivation.    
[image: C:\Documents and Settings\Siti\Desktop\for report\IR64 Flowering.jpg]         [image: C:\Documents and Settings\Siti\Desktop\for report\Flowering BRRI 28.jpg]
Fig 11. Growing rice in pot condition

 (
A
) (
B
)[image: IMG_20161011_203628]                   [image: IMG_20161011_203539]
 (
D
) (
C
)[image: IMG_20161017_143358]                    [image: IMG_20161017_143333]
Fig 12.  Embryo from immature seeds (A, B) and grown embryo (C, D) after co-cultivation

 Agrobacterium co-cultivation of immature embryos

Agrobacterium strains were prepared for transformation as described above for mature embryo transformation. About 50 sterile immature embryos were placed on agar based A201 co-cultivation medium (described by IRRI). Each embryo was then inoculated with 5µl of Agrobacterium suspensions. The culture plates were then incubated in dark at 25OC for seven days. 
Resting culture and selection of transformed embryo
After seven days of co-cultivation, immature embryos were then placed on sterile filter paper and removed the elongated shoots with scalpel. Immature embryos were then dried by sterile filter paper. The dried immature embryos were then transferred A202 resting media for three days under continuous light. After resting period, immature embryos were transferred to selection media for ten days at 300C under continuous light. After 10 days, immature embryos were then transferred in new A203 selection media for another 10 days at 300C under continuous light. The embryogenic calli were then transferred in fresh A203 medium after 10 days and were kept at 300C under continuous light for final selection.    
Results
During selection process, the calli were kept on the medium for a minimum period of 21 days in order to differentiate the transformed calli from the non transformed calli. After 21 days, very few calli were availed to survive in selection media in case of mature embryo. It was evident from the present study that transformation efficiency depends on broth concentration of Agrobacterium and age of calli used for co-cultivation. Seven to ten days old hard friable calli were able to withstand infection with Agrobacterium efficiently. It is observed that the use of a lower concentration (OD of 0.1) of Agrobacterium culture suspension is suitable for calli infection. Moreover, it is essential to control the over growth of Agrobacterium in co-cultivation stage and selection stages to save the transformed calli.  We used embryo from mature rice seeds and immature rice seeds for gene transformation. Our study revealed that the Agrobacterium strain GV3101 can efficiently infect embryo from immature seeds compare to embryo from mature seeds because we got more transformed calli in selection stage from immature embryo transformation (Fig 13).  
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Fig 13. Transformed calli at pre-regeneration stage
Transfer of salinity and drought tolerant genes into HYV indica rice through Agrobacterium mediated gene transformation

Induction of embryogenic calli 
The objective of the study 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-5 and Binadhan-6) 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 5-6 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 (Calmodulin like protein) and OsASR (Abscisic acid stress-ripening) genes was grown to an optical density (OD) of 5.0 ml 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. 1 filter 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 3d in the dark. After 3d, 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 12d 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- benzylaminopurine (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
Out of five varieties BRRI dhan48 were produced more embrygenic callus folled by Binadhan-5 and Binadhan-6. It was evident from the present study 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.14a,b). Two month old hard friable calli were able to withstand infection with Agrobacterium efficiency. In the present study, 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.14c) 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.14d). After three rounds of selection, actively growing piece of calli were transferred to MS regeneration medium and kept in the dark condition for 2-week. 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 4; three green and one albino plants (Fig.14e)
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Fig 14. Production of transgenic rice plants from embryogenic calli. (a) Seed plating on MS Media (b) Embryogenic calli (c) Agrobacterium tumefaciens (harbouring OsARS and OsCAL genes) co-cultivation of embryogenic calli. (d) Proliferating calli at the third round of selection. (e) Putative transgenic regenerated green plants. 
PROGRAMME AREA II: INDUCED MUTATION AND MARKER ASSISTED BREEDING
On-station/on-farm yield trial of promising early maturing premium quality rice mutants in T. Aman season

This trail 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 and Famers’ field of Mymensingh, Comilla, Nalitabari, Ishurdi, Rangpur, Magura, Chapainawabganj (sadar), and Chapainawabganj (Nachole) during the T. aman season of 2016. 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 95cm to 98cm. Number of effective tillers, panicle length, number of filled grains, and maturity period ranged from 12 to 14, 26.8 cm to 27.5 cm, 142 to 178 and 114 to 115 days, respectively. In general, all of the mutants gave higher grain yield than the check variety Binadahan-7 in all the locations, but the mutant line MV-20 and MV-40 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 - 26.6g, 9.7 - 10.0 mm for MV-40, 2.5 mm and 3.72 to 4.0, respectively. 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 for releasing as varieties.

Table 1. Morphological and agronomical characters some premium quality rice mutants
	Genotypes
	Plant height (cm)
	No. of tillers
	Panicle length (cm)
	No. of grains/panicle
	Days to Maturity

	MV-10 
	95
	14
	27.5
	172
	114

	MV-20 
	96
	14
	27.2
	178
	114

	MV-40 
	95
	13
	26.8
	162
	115

	Binadhan-7 (check) 
	98
	12
	27.0
	142
	115



Table 2. Yield performance of some premium quality rice mutants in different locations

	Genotypes 
	On-station 

	
	L1
	L2
	L3
	L4
	L6
	L7
	L8
	Average 

	MV-10 
	5.42
	5.45
	5.36
	5.48
	5.39
	5.27
	5.35
	5.39a

	MV-20 
	5.62
	5.81
	5.65
	5.46
	5.33
	5.89
	5.59
	5.62a

	MV-40 
	5.34
	5.45
	5.53
	5.55
	5.66
	5.77
	5.68
	5.57a

	Binadhan-7 (check) 
	4.78
	4.87
	4.95
	4.93
	4.88
	4.99
	4.87
	4.56b

	
	On-farm

	MV-10 
	5.35
	5.24
	5.45
	5.23
	5.25
	5.22
	5.22
	5.28a

	MV-20 
	5.46
	5.59
	5.68
	5.29
	5.49
	5.62
	5.39
	5.50a

	MV-40 
	5.35
	5.25
	5.37
	5.36
	5.32
	5.45
	5.23
	5.33a

	Binadhan-7 (check) 
	4.83
	4.73
	4.85
	4.79
	4.7
	5.12
	4.78
	4.83b


L1: Mymensingh, L2: Comilla, L3: Nalitabari, L4: Ishurdi, L5:Rangpur, L6: Magura,
L7: Chapainawabganj (sadar), L8: Chapainawabganj (Nachole)
Value with common letter in a column do not differ significantly at 5% level of probability 

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 
	25.3
	9.7
	2.5
	3.92
	Premium quality, early and high yielding 

	MV-20 
	26.6
	9.9
	2.5
	3.96
	Premium quality, early and high yielding 

	MV-40 
	26.3
	10.0
	2.5
	4.00
	Premium quality, early and high yielding 

	Binadhan-7 (check) 
	25.1
	9.3
	2.5
	3.72
	Early 





On-station/on-farm yield trial two elite rice mutants/lines in Boro season
This trail included sixteen rice genotypes (mutants/lines) of diverged origin. The experiment was conducted at BINA farm and Farmers’ field of Mymensingh, Comilla, Nalitabari, Ishurdi and Magura during the Boro season of 2016-2017. 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 94.6 - 99.2 cm. Number of effective tillers ranged from 10 to 14 in E-02. Panicle length, number of filled grains, number of unfilled grains and maturity period ranged from 22.8 - 25.8 cm, 152.4 - 198.8 and 17 - 42.6, and 135 - 156 days, respectively. Among the six genotypes, THDB gave the highest average grain yield of 6.76 tha-1 (on-station) and 6.56 tha-1 (on-farm) followed by BRRI dhan-29. The line E-02 also gave higher average grain yield of 5.99 tha-1(on-station) and 5.76 tha-1(on-farm) and three weeks earlier than the check BRRI dhan29. The line THBD gave highest grain yield than the checks BRRI dhan28 and BRRI dhan29 in all locations. These two promising lines are selected for zonal/muti-location yield trials in the next Boro season for releasing as varieties.

Table 4. Yield attributes of two rice genotypes in Boro 2016-2017 

	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

	1.
	E -02
	96.2
	14
	25.8
	198..8
	29.6
	135

	2.
	THDB
	95.4
	12
	22.8
	152.4
	17.0
	142

	5.
	BRRI dhan28 (check)
	94.6
	10
	24.4
	158.4
	35.0
	135

	6
	BRRI dhan29 (check)
	99.2
	10
	24.1
	189.6
	42.6
	156



Table 5. Yield performance of some premium quality rice mutants in different locations

	Genotypes 
	On-station

	
	L1
	L2
	L3
	L4
	L5
	Average

	E-02
	5.82
	6.22
	6.15
	5.92
	5.83
	5.99ab

	THDB 
	6.74
	6.84
	6.59
	6.78
	6.85
	6.76a

	BRRI dhan28 
	5.62
	5.82
	5.73
	5.61
	5.64
	5.68b

	BRRI dhan29 
	6.23
	6.41
	6.44
	6.54
	6.34
	6.39a

	
	On-farm

	E-02
	5.62
	5.72
	5.82
	5.63
	5.84
	5.73c

	THDB 
	6.54
	6.74
	6.35
	6.62
	6.55
	6.56a

	BRRI dhan28 
	5.12
	5.21
	5.11
	5.14
	5.35
	5.19d

	BRRI dhan29 
	6.13
	6.23
	6.24
	6.14
	6.25
	6.20b


L1: Mymensingh, L2: Comilla, L3: Nalitabari, L4: Ishurdi, L5: Magura
Value with common letter in a column do not differ significantly at 5% level of probability 


Advanced yield trial of some rice mutants/lines in Boro season 
This trail included sixteen rice genotypes (mutants/lines) of diverged origin. The experiment was conducted at BINA farm Mymensingh during the Boro season of 2016-2017. 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 6. Plant height ranged from 85.8 - 122.6cm. Number of effective tiller ranged from 10.0 - 20.0. Panicle length, number of filled grains and maturity period ranged from 22.0 - 26.4cm, 112 - 184, and 132 - 155 days, respectively. Among the 16 genotypes, Y-1281, MV-40, MV-20, PNR-519 and Afaz-1 gave higher grain yield than the check variety BRRI dhan28 with similar days to maturity. The other lines like Sonamukhi, Pintu-306, R-3027 also gave higher grain yield than the check BRRI dhan28. These promising lines will be selected for advanced yield in the next Boro season.
Table 6. Yield and yield attributes of 16 rice genotypes in Boro 2016-2017 

	Sl. No.
	Genotypes
	Plant height (cm)
	Effective
tillers
(no.)
	Panicle
length
(cm)
	Filled grains panicle-1 (no.)
	Days to maturity
	Grain yield (tha-1)

	1
	Sonamukhi
	88.5
	17
	25.4
	167
	132
	5.33c

	2
	MV-20
	85.8
	20
	26.4
	168
	135
	5.93ab

	3
	Surjoguri
	107.2
	10
	25.2
	149
	134
	5.16c

	4
	MV-10
	89.6
	18
	22.0
	180
	133
	5.90ab

	5
	Minicate
	92.0
	20
	23.0
	148
	135
	5.25c

	6
	MV-40
	90.5
	18
	25.0
	162
	135
	5.96ab

	7
	R-3027
	98.4
	17
	25.4
	179
	136
	5.75b

	8
	Y-1281
	97.0
	19
	24.4
	145
	135
	6.15a

	9
	Pinto-306
	101.2
	15
	22.4
	178
	133
	5.18c

	10
	Atomita
	97.4
	13
	24.6
	156
	134
	5.41bc

	11
	RD-21(1)
	106.4
	16
	24.0
	118
	137
	5.50b

	12
	PNR-166
	119.6
	15
	24.0
	119
	138
	5.81ab

	13
	Afaz-1
	88.2
	20
	23.8
	184
	133
	5.83ab

	14
	Molin-2
	99.4
	16
	22.8
	168
	132
	5.50b

	15
	W-60
	95.2
	15
	23.8
	112
	149
	5.25c

	16
	PNR-519
	122.6
	15
	23.4
	114
	133
	5.92ab

	17.
	BRRI dhan28 (check)
	94.6
	10
	24.4
	158
	135
	5.35bc

	18.
	BRRI dhan29 (check)
	99.2
	12
	24.1
	184
	155
	6.25a


Value with common letter in a column do not differ significantly at 5% level of probability 

Improvement of salt tolerant rice varieties through marker assisted backcrossing                            
In Boro’2016-17 about 100 F1 seeds were grown in a try for the cross of BRRI dhan28 and IR4630 crosses. When the seedling aged 21 days leaves were collected and F1 plant were selected through polymorphic primer. Out of these 23 F1 plant were selected and crossed with the recurrent parent. 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 stage about 232 BC1F1 seeds were collected then dried and stored in paper bags with proper labeling. During the reporting period a total of 232 BC1F1 seeds were obtained from the selected plant cross combinations.
Table 7. List of crosses For BC1F1 population developed during Boro/2016-17 seasons

	Sl. No.
	Crosses
	No. of seeds  harvested
	Objectives

	1
	Plant No-1 
(Selected F1 Plant X Recurrent parent)
	22
	High yield, Salt tolerant

	2
	Plant No-2
	32
	High yield, Salt tolerant

	3
	Plant No-4
	9
	High yield, Salt tolerant

	4
	Plant No-9
	26
	High yield, Salt tolerant

	5
	Plant No-10
	33
	High yield, Salt tolerant

	6
	Plant No-13
	24
	High yield, Salt tolerant

	7
	Plant No-14
	34
	High yield, Salt tolerant

	8
	Plant No-15
	52
	High yield, Salt tolerant

	Total number of BC1 F1 seeds
	232
	



On the other hand A total of 214 SSR (Chromosome-1: 48; Chr.-2:17; Chr.-3:14; Chr.-4:9; Chr.-5:14; Chr.-6:19; Chr.-7:15; Chr.-8:23; Chr.-9:20; Chr.-10:9; Chr.-11:15; Chr.-12:11) primer were surveyed in favor of foreground and background selection during the season. Out of these 51 SSR primer (Chromosome-1: 9; Chr.-2:3; Chr.-3:2; Chr.-4:0; Chr.-5:4; Chr.-6:8; Chr.-7:2; Chr.-8:3; Chr.-9:14; Chr.-10:3; Chr.-11:2; Chr.-12:2) were showed polymorphism. Primer survey and population development work is going-on in the next season.
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Fig 15. SSR Primer survey of foreground and background selection
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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. AB 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
During the reporting period a total of 34 BC1F1 plant were transplanted in a tray. Out of these only 14 BC1F1 plant were selected through marker assisted selection (MAS) techniques. But unfortunately it was not possible to cross and developed BC2F1 population. We collected BC1F2 population seed and next season used the seed for develop the next generation. On the other hand we take again initiative for develop the F1 population. After that at this time some polymorphic primers were surveyed in favor of foreground and background selection. A total of 208 SSR primers were surveyed and about 70 polymorphic primers were showed polymorphism. These polymorphic primers will be used the next generation selection.
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Fig 16. SSR Primer survey of foreground and background selection for Binadhan-16 and O.rufipogon population
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Growing of M1/M2 generation of local cultivated rice genotypes 
In T. Aman, 2016, a total of five local rice genotypes viz. Mousumi katari, Golden katari, Minicate, Sonamukhi and Nania were irradiated with 4 doses of Gamma rays (200Gy, 250Gy, 300Gy and 350Gy). In Boro 2016-17 about 100 M2 populations were selected on the basis of yield, early maturity and insect/diseases resistant. Before irradiation, germination test has been done. After irradiation, seeds were sown on tray and then thirty days old seedling was transplanted in the field. Fertilizers application, weeding and other intercultural operation were done as per BINA recommended rice production practices. At maturity stage seeds were harvested, then dried and stored in paper bags with proper labeling for growing M3 generations in next season.

Screening of M2/M3 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/M3 seeds were harvested and grown and about 100 plants were selected to grow as M3/M4 population in next season. 

Screening of M2/M3 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.

Screening of M2 populations of indigenous cowpea land races
Cowpea (Vigna unguiculata L.) is one of the oldest cultivated crops and important source of protein in many countries like in Africa, Latin America, Australia, India, Thailand and Malaysia though it is a minor pulse in Bangladesh. The potential of expanding the production of cowpea in Bangladesh is quite high. Cowpea is generally low yielder, susceptible to various diseases, indeterminate habit, highly photosensitive, late maturing with spreading growth habit. Therefore, a mutation breeding program was undertaken to overcome those problems. For this purpose, four indigenous cowpea land races were collected from Chittagong hill tracts areas and irradiated with 150, 200 and 250Gy of gamma rays. Ten plants with special characters were harvested separately and rest of M2 seeds were harvested together to grow as M3 population in the next season.

Development of laboratory facilities 
Some essential laboratory facilities like tissue culture/plant growth facility, bio-safety room and separate glasshouse for GMO cultivation/contained trials were not available in Biotechnology Division. A new plant growth room was established with adequate light intensity, temperature and relative humidity control facilities. A separate bio-safety room with bio-safety cabinet was also facilitated for working with genetically modified/recombinant bacteria. A part of old glasshouse is also renovating for conducting contained trails of any genetically modified organisms in future.
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Fig 17. Pictorial views of Plant Growth Room and Bio-safety room
CROP PHYSIOLOGY DIVISION
RESEARCH HIGHLIGHTS
Six rice genotypes were evaluated under four soil moisture regimes (control, 80, 60 and 40% FC) for photosynthesis, yield attributes and yield.  The mutant, N4/280/P-1(2) showed better performance against water stress up to 40% FC. Seven local land races of sesame were evaluated under different water logging periods (Control, 24, 48 and 72 hours) for photosynthesis, growth and yield. Four genotypes, Rajshahi Khoyeri, Kistotil Chapai, Kathtil Chapai and Laltil Gopalgonj showed more tolerance to water logging. 
An experiment conducted with different degrees of defoliation (Control, 100% defoliation, 50% defoliation at top, 50% defoliation at bottom and 2 leaf defoliation at top) in mungbean genotypes, Binamoog-7, MB-13 and Binamoog-8 at flowering stage. All the defoliation treatments significantly decreased seed yield. 
Four different concentrations of chitosan viz., 0, 50, 75, and 100 ppm were sprayed at pre-flowering stage of two mungbean varieties, Binamoog-7 and Binamoog-8 at BINA sub-station, Ishurdi and Magura. Foliar application of chitosan @100 ppm at pre-flowering stage increased seed yield in mungbean. An experiment was conducted to reduce grain shattering of Binadhan-14 by foliar application of chitosan at reproductive stages and found no effect on reduction in grain shattering. Seven tomato genotypes were compared based on morphological parameters and yield. Trumling red showed the highest fruit yield followed by the mutant TM-4, TM-5 and TM-8. 
In Aus season, four rice genotypes (Kotoktara, N4/350/P-4(5), N10/350/P-5-4 and BRRI dhan48) were evaluated at Mymensingh and BINA sub-station farm at Magura based on growth and yield. The mutant, N10/350/p-5-4 was found promising for seed yield. During Aman season 2016, four advanced mutant lines (N4/250/P-1(2), N4/250/P-2(6)-26, N4/350/P-4(5) and N10/350/P-5-4) along with two varieties (Binadhan-17 and BRRI dhan56) were evaluated at Mymensingh, BINA sub-station farm at Magura, Comilla and Rangpur. The mutant, N4/250/P-1(2) performed best regarding physiological characters and grain yield. An experiment was conducted with four soybean genotypes, Binasoybean-3 and Binasoybean-4, SBM-18 and SBM-22 at Mymensingh and BINA sub-station farm at Gopqlgonj for growth and yield.  Binasoybean-3 and the mutant SM-22 showed better growth and yield.   
Four rice genotypes, B-10-40(C)-1-1, B-10-40(C)-1-5, B-10-40(C)-1-7 and BRRI dhan43  were evaluated in Aus season to assess the control mechanism involve in assimilate partitioning competition among different classes of tillers in rice. Results revealed that early maximum tiller production in rice 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. Four rice varieties Binadhan-10, Binadhan-14, BRRI dhan28 and BRRI dhan45 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-10 and Binadhan-14 showed superiority in several morpho-physiological characters and gave higher grain yield.




Effect of water stress on chlorophyll, yield and yield attributes of rice genotypes
A pot experiment was carried out to assess the effects of water stress on chlorophyll content, yield and yield attributes. Control (100% FC) and three water stresses such as 40%, 60% and 80%  FC were imposed at booting stage and continued until final harvest on six rice mutant/varieties viz., Binadhan-17, N4/350/P-4(5), BRRIdhan56, N10/350/P-5-4, N4/280/P-1(2) and N4/280/P-2(6)-26. The experiment was laid out in a Complete Randomized Design with three replications. Thirty day old seedlings were transplanted in plastic pots containing 8 kg soils pot-1 on July 2016.  Recommended doses of fertilizers were applied and cultural practices were done whenever required. Data on chlorophyll content was taken by SPAD meter from 50, 55, 60, 65 and 69 days after transplanting. Data on yield and yield attributes were also recorded at maturity.    
Results showed that chlorophyll content was found highest in 100% FC, decreased significantly with the increase water stress at all growth stages (Fig. 1). The lowest chlorophyll content was recorded in 40% FC. In case of genotypes, Binadhan-17 showed higher chlorophyll content followed by N4/280/P-2(6)-26 and N4/280/P-1(2) (Fig. 2).  BRRI dhan56 and N10/350/P-5-4 showed lower chlorophyll content. Similar result was found in case of total tiller, effective tiller and 1000-grain weight (Table 1). The highest grain yield hill-1 was observed in N4/280/P-1(2) due to higher number of effective tiller, grains paniclc-1 and 1000-grain weight. The second highest grain weight hill-1 was observed in 60% and 80% FC.
For interaction between variety and water stress,  Binadhan-17 and N10/350/P-5-4 showed higher number of grains paniclc-1 at 40% FC followed by N4/280/P-2(6)-26 at 60% FC [Fig. 2(a)]. The mutant N4/280/P-1(2) showed higher grain weight hill-1 at all the stress levels followed by the mutant N10/350/P-5-4 [(Fig. 2(b)]. The mutant N4/280/P-1(2) showed better performance regarding yield and yield attributes against water stress up to 40% FC. 
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Fig 1. Chlorophyll content at different DAT under (a) water stress and (b) rice genotypes.   Vertical bars 
          represent SE (±). 


Table 1. Yield and yield attributes of rice genotypes under different water stress levels in 2016-17
	Treatment
	Plant height (cm)
	Total tillers
 hill-1 (no.)
	Effective tillers
 hill-1 (no.)
	Panicle length (cm)
	Filled grains panicle-1 (no.)
	 Unfilled grains panicle-1 (no.)
	1000- grain weight (g)
	Grain weight hill-1 
(g)
	Straw weight hill-1
(g)

	Moisture (% FC)
	
	
	
	
	
	
	
	

	100
	80.7a
	9.56a
	9.00a
	   21.8 ns
	96.2a
	27.22c
	22.53a
	17.33a
	11.29a

	80
	77.7b
	8.28b
	7.56b
	20.8
	14.3c
	67.37b
	21.34b
	9.35b
	7.69c

	60
	78.9ab
	7.22b
	6.72b
	20.6
	15.5bc
	69.87ab
	21.40b
	9.35b
	6.77d

	40
	72.9c
	8.17b
	6.94b
	19.6
	16.9b
	70.68a
	21.43b
	6.40c
	8.57b

	Variety
	
	
	
	
	
	
	
	
	

	  Binadhan-17
	75.0c
	5.42c
	4.67c
	19.9
	40.8a
	65.0a
	20.99c
	8.71d
	7.84c

	  N4/350/P-4(5)
	75.3c
	7.92b
	7.50b
	19.4
	37.8b
	65.3a
	21.44bc
	8.44d
	7.24c

	  BRRIdhan56
	83.1a
	6.17c
	5.50c
	20.6
	38.0b
	55.3bc
	22.52a
	11.67b
	8.73b

	  N10/350/P-5-4
	69.8d
	8.33b
	7.42b
	19.9
	39.3ab
	57.4b
	21.52b
	9.90c
	7.65c

	  N4/280/P-1(2)
	83.3a
	11.00a
	10.33a
	22.8
	39.2ab
	56.6b
	22.28a
	13.68a
	11.00 a

	  N4/280/P-2(6)-26
	79.0b
	11.00a
	9.92a
	21.6
	19.2c
	53.1c
	21.32bc
	11.25b
	9.01b


Values having common letter(s) in a column do not differ significantly at P ≤ 0.05 as per DMRT.
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Fig 2. Variation in (a) grain number and (b) grain weight of rice mutants/varieties under four water levels. 
Photosynthesis and dry matter production of some sesame land races under different water logging period
A pot experiment was conducted with seven sesame genotypes viz., Rajshahi Khoyeri, Kistotil Chapai, Kathtil Chapai, Gopalgonj MV-40, Gopalgong Black, Kalotil Gopalgong and Laltil Gopalgonj at BINA farm, Mymensingh during March to June 2017. The sesame land races were collected from different agro- ecological zones of Bangladesh. The objective of the study was to find out the water logging tolerant genotypes. Four water logging treatments viz. control and water logging periods of 24, 48 and 72 hours were imposed at flowering stage of the sesame genotypes. Each pot contained 8 kg soil collected from BINA farm. Urea, TSP, MP and Gypsum were applied 125, 150, 50 and 110 kg ha-1, respectively. Half of urea and all other fertilizers were mixed with pot soils and remaining urea was applied at 30 days after sowing. 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 plant height, number of branches, capsules and seeds plant-1, number of seeds capsule-1, shoot dry weight, root dry weight and total dry matter plant-1, 1000-seed weight, seed yield plant-1, SPAD reading, photosynthesis and nitrate reeducate activity were recorded and data were analyzed statistically.
Results revealed that plant height, number of branches, capsules and seeds plant-1, number of  seeds capsule-1, total dry matter plant-1, 1000-seed weight, seed yield plant-1, photosynthesis, nitrate reeducate activity were significantly decreased with increasing water logging periods (Table 2. Table 5). Chlorophyll content in leaves also decreased with water logging treatments. Four genotypes viz. Rajshahi Khoyeri, Kistotil Chapai, Kathtil Chapai and Laltil Gopalgonj showed higher yield (Table 3). The highest total dry matter was observed in the treatment combination of T1 x V2 followed by T1 x V1 with same statistical rank (Table 4).  The higher yield under water logging condition was found in Rajshahi khoyeri, Kistotil Chapai, Kathtil Chapai and Laltil Gopalgonj. Therefore, these four genotypes showed more tolerance to water logging at flowering stage.
Table 2. Effect of water logging period on morphological, physiological, seed yield and yield components of sesame genotypes
	
Water logging period
	Morphological parameters
	Physiological parameters
	Yield attributes and seed yielde

	
	Plant height (cm)
	Branches plant-1 (no.)
	Shoot
dry weight plant -1 (g)
	Root dry weight
plant -1 (g)
	Total dry matter plant-1 (g)
	Capsules plant -1 (no.)
	Seeds capsule-1 (no.)
	Seeds
plant-1
(no.)
	1000-seed
weight (g)
	Seed weight
plant-1 (g)

	Control 
	63.1a 
	4.95a
	5.85a
	1.33a
	7.05a
	37.67a
	63.67a
	2385a
	2.74a
	6.54a

	24 hrs 
	49.0 b
	1.66b
	4.14b
	1.01b
	5.04b
	28.01b
	47.81b
	1313b
	2.44b
	3.19b

	48 hrs 
	44.7 c
	1.15c
	2.87c
	0.94bc
	3.81c
	21.29c
	33.62c
	703.7c
	2.82c
	1.59c

	72 hrs 
	40.1 d
	0.96c
	1.51d
	0.76c
	2.24d
	10.52d
	24.19d
	255.2d
	1.77d
	0.44d


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT


Table 3. Effect of water logging condition on plant height, biomass production, yield and yield components of sesame genotypes
	
Genotype
	Plant
height
 (cm)
	Shoot
dry weight plant -1 (g)
	Root dry weight
plant -1 (g)
	Total dry matter plant-1 (g)
	Capsules plant -1 (no.)
	Seeds capsule-1 (no.)
	Seeds
plant-1
(no.)
	1000-seed
weight (g)
	Seed weight
plant-1 (g)

	Rajshahi Khoyeri 
	45.67cd
	4.08a
	0.92
	4.93a
	20.33d
	51.8a
	1233ab
	2.44a
	3.83a

	Kistotil Chapai 
	41.67d
	4.01a
	0.96
	4.97a
	21.67cd
	46.9ab
	1209ab
	2.27bc
	2.94ab

	Kathtil Chapai
	48.00bc
	3.23b
	1.13
	4.35ab
	29.83a
	45.7bc
	1311a
	2.42ab
	3.42a

	Gopalgonj MV-40
	52.92a
	3.24b
	0.87
	4.08b
	28.25a
	35.8c
	1153ab
	2.13c
	2.76b

	Gopalgong Black
	52.67ab
	3.36b
	1.12
	4.22b
	24.08bc
	37.2bc
	1040b
	2.45a
	2.71b

	Kalotil Gopalgong
	51.67ab
	3.37b
	1.07
	4.25b
	21.33d
	40.9bc
	1037b
	2.16c
	2.45b

	Laltil Gopalgonj
	52.08ab
	3.89a
	0.97
	4.86a
	25.08b
	38.0bc
	1166ab
	2.24bc
	2.89ab


    Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT
Table 4. Interaction effect of water logging condition on plant height, biomass production, yield and yield components of sesame genotypes
	
Interaction
	Plant
height
 (cm)
	Shoot
dry weight plant -1 (g)
	Root dry weight
plant -1 (g)
	Total dry matter plant-1 (g)
	Capsules plant -1 (no.)
	Seeds capsule-1 (no.)
	Seeds
plant-1
(no.)
	1000-seed
weight (g)
	Seed weight
plant-1 (g)

	V1T1
	58.3bcd
	6.67ab
	1.12b-e
	7.80a
	38.0a-d
	74.3a
	2823a
	3.00ab
	8.42a

	V1T2
	45.0g-j
	4.20efg
	0.66cde
	4.86cde
	21.0hi
	58.7a-d
	1226ef
	2.50cde
	3.05d

	V1T3
	45.0g-j
	3.14h-k
	0.95b-e
	4.10e-h
	15.3ij
	43.3b-j
	668.7gh
	2.56cd
	1.68efg

	V1T4
	34.3kl
	2.17j-m
	0.94b-e
	3.04hij
	7.0k
	30.7g-m
	215.3i
	1.70lm
	0.36hij

	V2T1
	56.7cde
	6.83a
	1.05b-e
	7.88a
	36.0b-e
	74.3a
	2669ab
	2.43c-g
	6.40b

	V2T2
	41.3ijk
	4.87c-f
	0.91b-e
	5.78bcd
	23.7gh
	56.6a-f
	1342ef
	2.63bcd
	3.55d

	V2T3
	39.7ijk
	2.88ijk
	1.02b-e
	3.90e-h
	18.0hi
	34.7f-m
	628gh
	2.43c-g
	1.53f-i

	V2T4
	29.0l
	1.46 lm
	0.86b-e
	2.32ijk
	9.0k
	22.0j-m
	197.3i
	1.6m
	0.32ij

	V3T1
	67.0ab
	5.63cd
	1.40ab
	7.03ab
	42.6a
	51.6b-g
	2203cd
	3.07a
	6.79b

	V3T2
	43.3g-k
	3.47ghi
	1.02b-e
	4.77c-f
	32.7def
	41.0b-k
	1342ef
	2.53cde
	3.37d

	V3T3
	38.7jk
	2.31jkl
	1.27abc
	3.48f-i
	28.3fg
	35.7e-l
	1001fg
	2.36c-i
	2.35def

	V3T4
	43.0h-k
	1.26m
	0.85b-e
	2.12jk
	15.7ij
	54.3a-f
	697gh
	1.73klm
	1.16f-j

	V4T1
	67.0ab
	5.50cd
	1.2bcd
	6.7ab
	41.3ab
	58.0a-e
	2399bc
	2.74abc
	6.57b

	V4T2
	50.00d-i
	3.69ghi
	1.0bcde
	4.54d-g
	32.3def
	39.6c-k
	1288ef
	2.13e-k
	2.74de

	V4T3
	52.0c-h
	2.55jk
	0.65cde
	3.2g-j
	23.7gh
	26.7i-m
	628.7gh
	2.00h-m
	1.25f-j

	V4T4
	42.7h-k
	1.25m
	0.63de
	1.89jk
	15.6ij
	18.6klm
	295.3hi
	1.67lm
	0.47g-j

	V5T1
	56.0c-f
	5.04cde
	1.84a
	5.91bc
	35.0cde
	62.0abc
	2161cd
	2.70abc
	5.85bc

	V5T2
	60.3abc
	3.97fgh
	0.96b-e
	4.94cde
	27.3fg
	42.3b-j
	1163ef
	2.63bcd
	3.07d

	V5T3
	47.3e-j
	3.08hij
	0.82b-e
	3.90e-h
	23.7gh
	28.0h-m
	668gh
	2.50cde
	1.62e-h

	V5T4
	47.0e-j
	1.33 lm
	0.82b-e
	2.12jk
	10.3jk
	16.6lm
	168i
	1.96i-m
	0.33ij

	V6T1
	68.00a
	5.40cd
	1.36ab
	6.77ab
	31.6ef
	62.3abc
	197d
	2.47c-f
	4.96c

	V6T2
	53.6c-g
	3.89f-i
	1.36ab
	4.63c-f
	27.0fg
	50.6b-h
	1373ef
	2.4c-h
	3.28d

	V6T3
	44.3g-k
	3.00hij
	0.92b-e
	3.93e-h
	19.3hi
	36.0d-l
	691.3gh
	2.04g-l
	1.39f-j

	V6T4
	40.0ijk
	1.17m
	0.66cde
	1.68k
	7.33k
	14.7lm
	108.7i
	1.76klm
	0.19j

	V7T1
	68.0ab
	5.86bc
	1.35ab
	7.21a
	39.0abc
	63.0ab
	2464abc
	2.76abc
	6.81b

	V7T2
	49.3d-i
	4.64d-g
	1.11b-e
	5.75bcd
	32.0ef
	45.6b-i
	1454e
	2.23d-j
	3.25d

	V7T3
	46.0f-j
	3.16hij
	0.91b-e
	4.07e-h
	20.7hi
	31.0g-m
	640gh
	2.06f-l
	1.31f-j

	V7T4
	45.0g-j
	1.90klm
	0.52e
	2.43ijk
	8.67k
	12.3m
	104.7i
	1.9j-m
	0.19j


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT; Where, T0=Control, T1=24 hours water logging, T2= 48 hours water logging, T3= 72 hours water logging, V1=Rajshahi Khoyeri, V2=Kistotil Chapai, V3=Kathtil Chapai, V4=Gopalgonj MV-40, V5=Gopalgong Black, V6=Kalotil Gopalgong and V7= Laltil Gopalgonj
Table 5. Effects of water logging period on physiological and biochemical parameters of sesame genotypes
	Water logging time
	SPAD Reading
(Chlorophyll)
	Photosynthetic rate
(µmolCO2 m-2S-1)
	NR Activity
(μ moN02/gfw/h)

	Control 
	35.57a
	41.12a
	.414a

	24 hrs 
	25.68c
	35.58b
	.349b

	48 hrs 
	28.43b
	33.82c
	.281c

	72 hrs 
	20.93d
	32.89c
	.245d


Values having same letter(s) in a column do not differ significantly at 5% level as per DMRT





Table 6. Variation in physiological and biochemical parameters of sesame genotypes under different water logging period
	Genotypes
	SPAD Reading
(Chlorophyll)
	Photosynthetic rate
(µmolCO2 m-2S-1)
	NR Activity
(μ moN02/gfw/h)

	Rajshahi khoyeri 
	28.54ab
	35.81
	0.34b

	Kistotil Chapai 
	26.49cd
	35.24
	0.46a

	Kathtil Chapai 
	29.64a
	35.54
	0.32bc

	Gopalgonj MV-40 
	29.03a
	36.11
	0.27d

	Gopalgong Black 
	27.42bc
	36.08
	0.30cd

	Kalotil Gopalgong 
	26.65cd
	36.45
	0.23e

	Laltil Gopalgonj 
	25.78d
	35.74
	0.30cd


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT
Table 7. Interaction effects of water logging condition on physiological and biochemical parameters of sesame genotypes
	Interaction
	SPAD Reading
(Chlorophyll)
	Photosynthetic rate
(µmolCO2 m-2S-1)
	NR Activity
(μ moN02/gfw/h) 

	V1T1
	34.33bcd
	41.53a
	0.44c

	V1T2
	22.2no
	35.83bc
	0.37d

	V1T3
	29.53e-h
	33.53bcd
	0.29fgh

	V1T4
	28.1ghi
	32.33cd
	0.28f-i

	V2T1
	38.5a
	41.4a
	0.64a

	V2T2
	22.5mno
	35.57bc
	0.53b

	V2T3
	28.87f-i
	32.5cd
	0.38cd

	V2T4
	16.1p
	31.5d
	0.31e-h

	V3T1
	34.77bc
	41.07a
	0.41cd

	V3T2
	25.37jkl
	35.23bcd
	0.35de

	V3T3
	31.03ef
	34.03bcd
	0.29f-h

	V3T4
	27.4hij
	31.83cd
	0.27f-j

	V4T1
	38.77a
	42.73a
	0.32e-g

	V4T2
	24.43k-n
	35.73bcd
	0.29f-g

	V4T3
	30.03e-h
	33.67bcd
	0.26g-k

	V4T4
	22.9l-o
	32.3cd
	0.25h-l

	V5T1
	33.77cd
	40.6a
	0.41cd

	V5T2
	29.7e-h
	34.57bcd
	0.32e-g

	V5T3
	24.97j-m
	33.87bcd
	0.27f-j

	V5T4
	21.27o
	35.27bcd
	0.21kl

	V6T1
	32.13de
	40.43a
	0.29f-h

	V6T2
	28.97e-h
	35.4bcd
	0.26f-k

	V6T3
	30.37efg
	34.47bcd
	0.21j-l

	V6T4
	15.13p
	35.5bcd
	0.19l

	V7T1
	36.7ab
	40.1a
	0.41cd

	V7T2
	26.57ijk
	36.7b
	0.32ef

	V7T3
	24.23k-n
	34.7bcd
	0.28f-i

	V7T4
	15.63p
	31.47d
	0.21i-l

	Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT; Where, T0=Control, T1=24 hours water logging, T2= 48 hours water logging, T3= 72 hours water logging, V1=Rajshahi Khoyeri, V2=Kistotil Chapai, V3=Kathtil Chapai, V4=Gopalgonj MV-40, V5=Gopalgong Black, V6=Kalotil Gopalgong and V7= Laltil Gopalgonj



Effect of leaf defoliation on yield of mungbean genotypes
A pot experiment was carried out with three mungbean varieties to assess the effects of leaf defoliation at vegetative stage on seed yield. Control (normal growth), 100% leaf cutting, 50% leaf cutting from upper, 50% leaf cutting from base and 2 top leaf cutting  were imposed on Binamoog-7, MB-13 and Binamoog-8 at 25 days after sowing and next emerging leaf remained up to final harvest. The experiment was laid out in a Complete Randomized Design with three replications. Five seeds were sown in plastic pots containing 10 kg soils on 3 March 2017.  Finally three plants were kept in each pot for giving the treatment. Recommended doses of fertilizers were applied and cultural practices were done whenever required. Data on chlorophyll content was taken by SPAD meter at 50 DAS. Data on yield and yield attributes were also recorded at maturity.    
Results showed that chlorophyll content was found the highest in 100% leaf cutting followed by control, 50% leaf cutting from top and 2 top leaf cutting (Table 8). The lowest chlorophyll content was found in 50% leaf cutting from lower. Among the varieties, the highest chlorophyll was found in MB-13.  Control plants produced the highest seed yield plant-1 due to higher number of pods plant-1, seeds plant-1 and 1000- seed weight followed by 2 top leaf cutting  treatment. The lowest seed yield was recorded in 100% leaf cutting. Any degree of leaf defoliation at vegetative stage hampered grain yield.
Table 8. Effect of different degree of leaf defoliation on yield attributes and seed yield in  mungbean
	
Treatment
	Chlorophyll (SPAD reading)
	Plant height (cm) 
	Branches plant-1 (no.)
	Pods plant-1 (no.)
	Seeds pod-1 (no.)
	Pod length (cm)
	1000- seed weight (g)
	Seed weight plant-1 (g)
	Straw weight plant-1 (g)

	Degree of defoliation
	
	
	
	
	
	
	
	

	Control
	38.76b
	34.22a
	2.44a
	21.0a
	11.09a
	7.62a
	27.39a
	6.46a
	10.20a

	2 top leaf cutting
	37.98b
	33.56a
	0.89b
	11.8b
	9.87b
	7.20bc
	26.47b
	2.83b
	4.98b

	50% Top Leaf cutting
	37.87b
	30.33bc
	1.89ab
	7.22d
	10.01b
	7.39ab
	26.61b
	2.20c
	4.72bc

	50% lower leaf cutting
	35.84c
	31.33b
	1.33b
	9.11c
	9.61b
	7.10bc
	26.82b
	1.99c
	4.02c

	100% leaf cutting
	42.01a
	29.44c
	1.44b
	2.11e
	9.31b
	7.00c
	25.69c
	0.65d
	2.25d

	Variety
	
	
	
	
	
	
	
	
	

	Binamoog-7
	36.75b
	33.53a
	1.87 ns
	13.7a
	9.51b
	6.34c
	17.11c
	2.87
	5.64a

	MB-13
	41.35a
	31.33b
	1.53
	8.00b
	9.87b
	7.14b
	32.64a
	2.75
	5.38a

	Binamoog-8
	37.37b
	30.47b
	1.40
	9.07b
	10.55a
	8.32a
	30.05b
	2.86
	4.69b


Values having same letter(s) in a column do not differ significantly at p ≤ 0.05 as per DMRT.
Effect of foliar application of chitosan on yield in mungbean 
The experiment was conducted at BINA Sub-station farms at Ishurdi and Magura during March to May 2017 to investigate the response of mungbean to different concentrations of chitosan on yield and yield contributing characters. Four different concentrations of chitosan viz., 0, 50, 75, and 100 ppm were sprayed at pre-flowering stage of two mungbean varieties, Binamoog-7 and Binamoog-8. In control, water was sprayed as per treatment. The experiment was laid out in randomized complete block design with 3 replicates. The unit plot size was 2 m × 3 m and plant spacing was 30 cm × 10 cm. Recommended doses of fertilizers were applied and cultural practices were done as and when necessary. Yield and yield contributing characters were recorded from five plants in each plot at the harvest. Grain yield was recorded on plot basis and converted in kg ha-1.
The influence of foliar application of chitosan on plant height, number of pods plant-1, 1000-grain weight and seed yield was significant (Table 9) and branch number, pod length and number of seeds pod-1 was not-significant. Result showed that seed yield was higher in chitosan applied plants than control plants where 100 ppm showed the highest (1498 kg ha-1). The control plants produced the lowest seed yield at Magura but at Ishurdi there had no significant influence on yield attributes and seed yield (Table 13). Binamoog-8 showed higher seed yield than Binamoog-7 at both locations.  
The interaction effect of variety and concentration of chitosan on yield revealed that Binamoog-8 produced the highest seed yield with 100 ppm at Magura and 50 ppm at Ishurdi. Binamoog-7 showed the highest seed yield with 100 ppm both at Magura and Ishurdi. This result indicates that 100 ppm may be the optimum concentration of chitosan for maximizing the yield of mungbean.






Table 9. Effect of foliar application of Chitosan on growth and yield in mungbean at Magura during 2016-17
	
Treatment
	Plant height (cm)
	Branches plant-1 (no.)
	Pods plant-1 (no.)
	Pod length (cm)
	Seeds pod-1 (no.)
	Seed weight plant-1 (g)
	1000- seed weight (g).
	Seed yield (kg ha-1)

	Variety
	
	
	
	
	
	
	
	

	V1
	81.2 a
	2.00
	25.9 a
	7.24 b
	10.4 b
	3.96 b
	28.2 b
	1331 b

	V2
	69.6 b
	1.88
	21.4 b
	9.14 a
	11.0 a
	5.77 a
	34.9 a
	1466 a

	Concentration (ppm)
	
	
	
	
	
	
	

	0
	72.7b
	2.02
	27.3a
	7.93
	10.4
	5.57
	31.9a
	1353b

	50
	75.4ab
	1.73
	21.3b
	8.37
	10.7
	4.81
	31.7ab
	1369b

	75
	77.5a
	2.10
	19.9b
	8.20
	10.5
	4.33
	31.2b
	1375b

	100
	76.2a
	1.90
	26.0a
	8.27
	11.1
	4.75
	31.5ab
	1498a

	Interaction
	
	
	
	
	
	
	
	

	V1× 0
	80.5
	2.40a
	28.7
	7.00
	9.9c
	4.34
	28.7
	1219e

	V1× 50
	80.1
	1.40b
	24.0
	7.23
	10.7bc
	4.15
	28.1
	1425bc

	V1× 75
	82.3
	2.00ab
	22.5
	7.43
	10.6bc
	4.05
	28.1
	1382bcd

	V1× 100
	82.0
	2.20ab
	28.3
	7.30
	10.3bc
	3.31
	28.0
	1299de

	V2×  0
	64.9
	1.64ab
	25.9
	8.87
	10.9b
	6.81
	35.1
	1487b

	V2×50
	70.6
	2.07ab
	18.5
	9.50
	10.8b
	5.47
	35.2
	1312de

	V2×75
	72.7
	2.20ab
	17.3
	8.97
	10.3bc
	4.62
	34.2
	1368cd

	V2×100
	70.3
	1.60ab
	23.7
	9.23
	11.8a
	6.19
	35.0
	1697a


V1=Binamoog-7, V2=Binamoog-8; Values having common letter(s) in a column do not differ significantly at P ≤ 0.05 as per DMRT.







Table 10. Effect of foliar application of Chitosan on growth and yield in mungbean at Ishurdi during 2016-17
	
Treatment
	Plant height (cm)
	Branches plant-1 (no.)
	Pods plant-1 (no.)
	Pod length (cm)
	Seeds pod-1 (no.)
	Seed weight plant-1 (g)
	1000- seed weight (g)
	Seed yield (kg ha-1)

	Variety
	
	
	
	
	
	
	
	

	V1
	48.85
	1.48
	13.08
	8.33
	11.12
	3.49
	30.37
	1347

	V2
	47.633
	0.48
	10.88
	7.60
	10.58
	5.42
	45.14
	1632

	Concentration (ppm)
	
	
	
	
	
	
	

	0
	47.07b
	1.05
	13.23a
	8.00
	11.27
	4.81a
	38.18a
	1484

	50
	50.47a
	0.93
	12.20a
	8.07
	10.97
	5.11a
	37.28b
	1519

	75
	50.03a
	0.96
	10.30b
	7.83
	10.33
	3.25b
	37.76a
	1497

	100
	45.40b
	0.98
	12.20a
	7.97
	10.83
	4.66a
	37.81a
	1458

	Interaction
	
	
	
	
	
	
	
	

	V1× 0
	47.93
	1.33a
	13.93
	8.40
	11.20
	3.78
	30.76
	1261d

	V1× 50
	50.53
	1.47a
	12.47
	8.33
	11.27
	3.75
	29.89
	1350cd

	V1× 75
	49.67
	1.53a
	12.20
	8.27
	11.00
	2.38
	30.57
	1400c

	V1× 100
	47.27
	1.60a
	13.73
	8.33
	11.00
	4.05
	30.28
	1378cd

	V2×  0
	46.20
	0.77b
	12.53
	7.60
	11.33
	5.84
	45.60
	1706a

	V2×50
	50.40
	0.40c
	11.93
	7.80
	10.67
	6.46
	44.68
	1689a

	V2×75
	50.40
	0.38c
	8.40
	7.40
	9.67
	4.12
	44.96
	1594ab

	V2×100
	43.53
	0.37c
	10.67
	7.60
	10.67
	5.27
	45.34
	1539b


V1=Binamoog-7, V2=Binamoog-8, Values having common letter(s) in a column do not differ significantly at P ≤ 0.05 as per DMRT.
Morpho-physiological evaluation of some selected tomato genotypes
On-station trials were conducted during winter season of 2016-17 with seven promising tomato mutants and lines viz. TM-4, TM-5, TM-6, TM-8, Trumling red, Lupitas and Cherolla along with a check variety, Binatomato-7 at BINA sub-station farms at Rangpur and Magura. The experiments were laid out following a randomized complete block design with three replications having a unit plot size of 3 m × 3 m. Row to row and plant to plant distances were 50 cm. Urea, triple superphosphate and muriate of potash were applied at the rate of 240, 220 and 250 kg ha-1, respectively. Proper cultural practices were done as and when necessary. Data on morphological, yield and yield attributes were recorded at harvest from 10 randomly selected plants of each plot and fruit yield was taken from the whole plot and converted into tha-1.
All morphological and yield attributes were significantly different among the genotypes (Table 11). The genotype Trumling red was the shortest one (44.2 cm). The genotypes, Lupitas and Cherolla were taller compared to other genotypes/cultivar with being the tallest in Lupitas (154.7 cm). The shortest plant produced the highest number of branches plant-1 (6.66) and the lowest was recorded in TM-4 (3.17). The highest fruit yield both per plant and per hectare was recorded in Trumling red (3.21 kg plant-1 and 110.8 t ha-1) due to production of higher number of fruits plant-1 than the others at both locations. 
Table 11. Mean performance of five tomato genotypes over locations on morphological, yield attributes and yield
	
Genotypes
	Plant height (cm)
	Branches plant-1 (no.)
	Fruits plant-1 (no.)
	Single fruit weight (g)
	Fruit weight plant-1 (kg)
	Fruit yield (t ha-1)

	
	
	
	
	
	
	Magura
	Rangpur
	Mean

	TM-4
	108.9 bc
	3.17 c
	58.0 d
	44.33 bc
	2.06 b
	70.8 c
	76.9 b
	73.9 b

	TM-5
	104.3 c
	4.50 b
	54.3 d
	45.68 b
	1.98 b
	71.7 c
	70.8 b
	71.3 b

	TM-6
	119.6 b
	4.33 b
	52.7 d
	42.42 c
	1.79 b
	65.4 d
	63.4 c
	64.4 c

	TM-8
	112.2 bc
	4.17 b
	52.8 d
	47.92 b
	2.03 b
	80.6 b
	66.2 bc
	73.1 b

	Trumling
	44.2 d
	6.66 a
	545.1 a
	7.41 e
	3.21 a
	107.7 a
	113.8 a
	110.8 a

	Lupitas
	154.7 a
	4.33 b
	72.5 c
	7.93 d
	1.00 d
	35.7 f
	37.6 e
	36.7 e

	Cherolla
	145.3 a
	4.50 b
	197.6 b
	9.79 e
	1.54 c
	54.1 e
	55.7 d
	55.4 d

	Binatomato-7
	102.4 c
	4.17 b
	31.0 e
	55.9 a
	1.48 c
	52.2 e
	56.2 d
	54.2 d

	F-test
	**
	**
	
	**
	**
	**
	**
	**

	CV (%)
	6.23
	8.23
	9.19
	6.43
	8.81
	6.66
	7.54
	7.11


In a column, same letter (s) do not differ significantly at P≤ 0.05 by DMRT


Morpho-physiological evaluation of Aus rice varieties/mutants
During Aus season 2016, a local variety Kotoktara, two advanced mutant lines (N4/350/P-4(5) and N10/350/P-5-4) and BRRI dhan48 were selected to assess morpho-physiological parameters, yield attributes and grain yield over locations. Pot experiment was conducted at BINA head quarter, Mymensingh and field experiments were conducted at BINA head quarter farm, Mymensingh and sub-station farm at Magura. Experiments were set following CRD and RCBD design for pot and field conditions, respectively with three replications. Unit plot size was 4m x 5m. 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. Some physiological parameters like Nitrate reductase (NR), cholorophyll content and photosynthesis were measured at tillering, panicle initiation and flowering stages. At harvest, yield and yield related parameters were recorded from 10 randomly selected plants from each plot. Grain yield was finally converted into th-1. The collected data were analyzed statistically. 
In field condition, no significant yield difference was noticed between two mutants and BRRI dhan48 over two locations although mutant N10/350/p-5-4 produced higher yield than others (Tables 12 and 13). In pot experiment, significant yield differences were found among four genotypes (Table 14).  N10/350/p-5-4 recorded the highest grain yield followed by BRRI dhan48 and N4/350/P-4(5). Local variety kotoktara produced the lowest grain yield in both pot and field conditions.
Initially NR and chlorophyll content were low and increased gradually with age until panicle initiation stage followed by a decline (Table 15) whereas reverse trend was in case of photosynthesis (Table 15). Significant variations in NR, Pn and chlorophyll content in leaves were observed at most of the growth stages among genotypes. Kotoktara recorded lowest amount for physiological parameters among genotypes. 


Table 12. Genotypic variations in plant height and yield components in local and HYV Aus rice (mean over two locations, Mymensingh and Magura)
	
Genotypes
	Plant height (cm)
	Tillers  hill-1
(no.)
	Effective tillers hill-1 (no.)
	Panicle length (cm)
	Grains panicle-1 (no.)
	Unfilled grains panicle-1 (no.)
	1000-grain weight (g)
	Grain yield (t ha-1)

	BRRI dhan48
	94.20b
	7.30ab
	6.37b
	23.40b
	93.83a
	18.73a
	23.50a
	3.57a

	Kotoktara
	142.9a
	7.23ab
	6.67b
	24.85a
	62.90b
	18.53a
	21.97c
	2.48b

	N4/350/p-4(5)
	96.07b
	7.03b
	6.48b
	23.70b
	108.4a
	17.03a
	22.61b
	3.60a

	N10/350/p-5-4
	89.83c
	8.10a
	7.63a
	23.32b
	106.9a
	12.50b
	22.39b
	3.80a

	F-test
	**
	ns
	**
	*
	**
	**
	**
	**

	CV (%)
	2.33
	9.28
	8.5
	3.43
	20.75
	17.76
	1.18
	8.02


Values having same letter(s) in a column do not differ significantly at 5% level as per DMRT.
Table 13. Yield performance of four genotypes in Aus rice over two locations
	Genotypes
	Yield (t ha-1)

	
	Mymensingh 
	Magura 
	Mean 

	BRRI dhan48
	4.13a
	3.00a
	3.57a

	Kotoktara
	2.93b
	2.04b
	2.48b

	N4/350/p-4(5)
	3.93a
	3.27a
	3.60a

	N10/350/p-5-4
	4.37a
	3.23a
	3.80a

	F-test
	**
	**
	**

	CV(%)
	6.65
	7.99
	8.02


Values having same letter(s) in a column do not differ significantly at 5% level as per DMRT.
Table 14. Performance of Aus rice genotypes on morphological characters and yield components during Kharif season conducted at BINA HQ, Mymensingh (pot)
	Genotypes
	Plant height (cm)
	Tillers  hill-1
(no.)
	Effective tillers hill-1 (no.)
	Panicle length (cm)
	Grains panicle-1 (no.)
	Unfilled grains panicle-1 (no.)
	1000-grain weight (g)
	Grain yield hill-1 (g)

	BRRI dhan48
	84.67b	
	6.13a
	5.20a
	23.53
	79.13b
	43.80a
	24.29b
	9.20b

	Kotoktara
	118.7a
	4.20c
	3.90b
	24.80
	62.93b
	29.00b
	25.80a
	6.54c

	N4/350/p-4(5)
	84.00b
	4.80b
	4.13ab
	23.17
	104.3a
	25.53b
	22.76c
	8.74b

	N10/350/p-5-4
	69.67c
	5.66ab
	4.53ab
	23.60
	117.4a
	28.33b
	22.76c
	11.09a

	F-test
	**
	*
	ns
	ns
	***
	*
	**
	**

	%CV
	5.18
	10.16
	12.44
	4.82
	9.27
	17.62
	1.52
	9.75


Values having same letter(s) in a column do not differ significantly at 5% level as per DMRT.
Table 15: Performance of Aus rice genotypes on physiological parameters at three growth stages during Kharif season at BINA HQ, Mymensingh (pot)
	
Genotypes
	NR (µg/g fresh weight) 

	Chlorophyll (SPAD value)
	Photosynthesis (µmolCO2m-2S-1)

	
	Growth stages

	
	Tillering
	Panicle initiation
	Flowering
	Tillering
	Panicle initiation
	Flowering
	Tillering
	Panicle initiation
	Flowering

	BRRI dhan48
	0.7467
	1.040b
	0.7327a
	40.93
	45.80ab
	37.73
	48.57a
	44.80
	38.47a

	Kotoktara
	0.7933
	1.010b
	0.2507b
	40.93
	41.77c
	38.00
	44.40b
	43.90
	31.87c

	N4/350/p-4(5)
	0.8000
	1.143b
	0.8460a
	40.20
	43.20bc
	35.80
	46.70ab
	41.23
	39.10a

	N10/350/p-5-4
	0.7833
	1.293a
	0.7223a
	37.20
	48.10a
	36.77
	38.30c
	43.13
	36.50b

	F-test
	ns
	*
	*
	ns
	**
	ns
	**
	ns
	**

	CV (%)
	4.73
	6.41
	17.99
	5.47
	2.99
	7.37
	3.38
	11.36
	1.51


Values having same letter(s) in a column do not differ significantly at 5% level as per DMRT.
Growth analysis and assimilate distribution of Aman rice varieties/mutants
During Aman season 2016, four advanced mutant lines, N4/250/P-1(2), N4/250/P-2(6)-26, N4/350/P-4(5)and N10/350/P-5-4 along with two varieties. Binadhan-17 and Brri dhan-56 were selected to determine the growth analysis and assimilate distribution from pot and field experiments at four locations, e.g. BINA HQs pot yard, Mymensingh and sub-station farms at 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. Recommended weeding and other cultural practices were done as and when necessary. To study ontogenetic growth characteristics, a total of four harvests were made. The first plant sampling was done at 30 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. Photosynthesis, cholorophyll content and Nitrate reductase (NR) were measured at tillering, panicle initiation and grain filling stages. At harvest, yield and yield related parameters were recorded from 10 randomly selected plants from each plot. Grain yield plot-1 was finally converted into t ha-1. The collected data were analyzed statistically. 
Binadhan-17 and mutant N4/350/p-4(5) produced the highest grain yield (4.6 t ha-1) followed by BRRI dhan56 (4.3 t ha-1) (Table 16). The lowest harvest index was recorded in N4/250/p-1(2) and other five genotypes showed almost similar harvest index. At Mymensingh (pot expt),  N4/250/P-1(2) produced highest grain yield due to the production of higher total tiller number, effective tiller number plant-1 and grain number panicle-1. Mutant N4/250/P-1(2) and N4/250/p -2(6)-26 produced highest harvest index followed by BRRI dhan56 and N4/250/P-4(5)(Table 17). The mutant N4/350/p-4(5) produced the highest TDM plant-1 at all growth stages (Table 18). CGR was higher in N4/350/p-4(5) and N4/250/p -2(6)-26. RGR was recorded higher in BRRI dhan56 (Table 18). Chlorophyll  content and photosynthesis rate  were steadily decreased with age whereas NR increased with age until panicle initiation stage followed by a decline. (Table 19).
Table 16: Mean genotypic variations in morpho-physiological characters and yield components in Aman rice over three locations
	Genotypes
	Plant height (cm)
	Tillers  hill-1
(no.)
	Effective tillers hill-1 (no.)
	Panicle length (cm)
	Grains panicle-1 (no.)
	Unfilled grains panicle-1 (no.)
	1000-grain weight (g)
	Grain yield hill-1 (g)
	Straw weight (t ha-1)
	Harvest index (%)

	Binadhan-17
	89.82d
	9.66a
	9.33a
	21.30d
	121.5ab
	24.77a
	21.52c
	4.6a
	4.05a
	53.22a

	BRRI dhan56
	101.5a
	8.77bc
	8.00b
	23.09b
	123.8a
	23.42ab
	23.97a
	4.3b
	3.82ab
	53.33a

	N4/350/p-4(5)
	90.51d
	9.33ab
	8.77a
	22.18c
	118.3bc
	22.50b
	21.12c
	4.6a
	3.91ab
	54.67a

	N10/350/p-5-4
	83.56e
	9.44ab
	8.88a
	22.53c
	118.7bc
	20.02c
	22.18b
	4.1c
	3.63b
	53.00a

	N4/250/p-1(2)
	93.56c
	8.55c
	8.11b
	23.80a
	123.0a
	21.80bc
	21.08c
	4.2bc
	4.18a
	50.11b

	N4/250/p -2(6)-26
	96.33b
	9.77a
	9.00a
	23.24b
	117.3c
	23.18ab
	21.55c
	4.2bc
	3.55b
	54.00a

	F-test
	**
	**
	**
	**
	**
	**
	**
	**
	**
	NS

	CV(%)
	2.49
	7.40
	7.86
	2.32
	3.27
	9.26
	2.47
	5.21
	10.14
	4.84


Values having same letter(s) in a column do not differ significantly at 5% level as per DMRT


Table 17: Performance of Aman rice varieties on morphological characters and yield components during 2015-16 at BINA HQ, Mymensingh (pot)
	
Genotypes
	Plant height (cm)
	Tillers  hill-1
(no.)
	Effec-tive tillers hill-1 (no.))
	Panicle length (cm)
	Grains panicle-1 (no.)
	Unfilled grains panicle-1 (no.)
	1000-grain weight (g)
	Grain yield hill-1 (g)
	Straw weight (t ha-1)
	Harvest index (%)

	Binadhan-17
	78.0b
	9.33ab
	8.00ab
	20.5de
	141.4a
	16.73b
	21.09b
	14.55de
	15.50
	48.67bc

	BRRI dhan56
	88.3a
	8.00b
	5.66c
	23.7ab
	126.4bc
	21.40a
	21.81a
	18.45bc
	14.20
	56.33ab

	N4/350/p-4(5)
	75.0b
	9.66ab
	7.66bc
	22.0cd
	133.7ab
	18.20b
	21.03b
	16.65cd
	13.45
	55.00ab

	N10/350/p-5-4
	73.3b
	11.0ab
	10.3ab
	19.7e
	123.1c
	23.37a
	22.19a
	11.55e
	14.42
	44.11c

	N4/250/p-1(2)
	75.6b
	11.0ab
	9.00ab
	24.9a
	131.6b
	17.63b
	19.64c
	23.31a
	14.78
	61.20a

	N4/250/p -2(6)-26
	78.6b
	12.0a
	10.6a
	22.9bc
	134.1ab
	17.60b
	21.24b
	20.91ab
	14.41
	59.50a

	F-test
	*	
	*
	*
	**
	**
	**
	**
	**
	NS
	*

	%CV
	5.90
	15.55
	16.89
	3.79
	3.09
	8.08
	1.46
	11.67
	19.83
	9.52


Values having same letter(s) in a column do not differ significantly at 5% level as per DMRT
Table 18: Some growth characters at different days after transplanting in Aman rice genotypes during 2015-16 at HQ, Mymensingh
	
Genotypes
	Total dry mass/ plant (g)
	AGR (mg/plant/day)
	RGR (mg/g/day)

	
	Days after transplanting (DAT)

	
	 30 
	45 
	60 
	 30-45 
	 46-60 
	 30-45 
	 46-60 

	Binadhan-17
	1.11a
	5.54b
	7.53b
	295.0b
	214.0c
	37.37cd
	15.80b

	BRRI dhan56
	0.52b
	3.86c
	7.41b
	222.7b
	230.0c
	60.30a
	18.67a

	N4/350/p-4(5)
	1.06a
	7.35a
	10.1a
	419.3a
	299.7ab
	31.37d
	11.87e

	N10/350/p-5-4
	0.84ab
	4.99bc
	10.6a
	276.7b
	326.0ab
	44.07bc
	13.50d

	N4/250/p-1(2)
	1.02a
	5.18bc
	9.06ab
	277.3b
	268.0bc
	40.37cd
	14.53c

	N4/250/p -2(6)-26
	0.81ab
	3.95c
	10.8a
	209.3b
	333.3a
	51.40ab
	14.87c

	F-test
	*
	**
	**
	**
	**
	**
	**

	CV(%)
	25.1
	14.43
	11.07
	17.11
	12.34
	12.43
	11.20


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT


Table 19: Some yield related physiological parameters at different growth stages of Aman rice genotypes during 2015-16 conducted at Mymensingh
	
Genotypes
	Photosynthesis (µmolCO2/m2/s)

	Chlorophyll content (SAPD value)
	Nitarate reductage (µg/g fresh weight)

	
	
	Growth stages
	

	
	Tillering
	Panicle 
initiation
	Grain filling 
	Tillering
	Panicle 
initiation
	Grain filling 
	Tillering
	Panicle 
initiation
	Grain filling 

	Binadhan-17
	36.77b
	42.13a
	40.07a
	41.63a
	39.90a
	38.73a
	0.077c
	0.959c
	0.675b

	BRRI dhan56
	35.97c
	36.17b
	34.97bc
	34.80c
	33.97b
	34.27b
	0.374a
	1.103b
	0.106c

	N4/350/p-4(5)
	37.80a
	35.37b
	35.33bc
	36.20c
	36.17b
	29.77cd
	0.245b
	1.171b
	0.188c

	N10/350/p-5-4
	37.63a
	35.93b
	37.50ab
	38.70b
	36.83b
	28.37d
	0.414a
	1.132b
	1.124a

	N4/250/p-1(2)
	37.73a
	36.63b
	34.27c
	36.20c
	34.37b
	32.90bc
	0.350a
	1.187ab
	0.972a

	N4/250/p -2(6)-26
	36.60bc
	34.43b
	36.93bc
	36.03c
	35.40b
	36.67ab
	0.407a
	1.311a
	0.985a

	F-test
	**
	*
	*
	**
	**
	**
	**
	**
	**

	CV (%)
	1.06
	6.91
	4.21
	2.05
	4.24
	6.12
	14.46
	6.30
	14.59


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT
Morpho-physiological evaluation of four soybean genotypes
The experiment was conducted with two soybean varieties, Binasoybean-3 and Binasoybean-4 and two advanced mutant lines, SBM-18 and SBM-22 in order to study the growth characteristics and assimilate distribution from pot and field experiments at two locations, e.g. BINA head quarter, Mymensingh (pot), and BINA sub-station farm at 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 1m and 0.5m respectively. Urea, TSP, MP and Gypsum were used @ 40, 120, 80 and 40 kg ha-1as 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. Mutant SBM-22 was not germinated both in pot and field condition. At harvest, 10 plants plot-1 were randomly selected for collecting data of yield contributing characters. Grain yield was finally converted into th-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. Due to the natural calamity Gopalgonj experiment was damaged.
The mutants SBM 18 and SBM 22 produced higher number of pods plant-1 with being the highest in SMB 18 (Table 23). The bolder seeds were recorded in Binasoybean-4. The highest seed yield was recored in Binasoybean-3 followed by SMB-22 with same statistical rank. The lowest seed yield was recorded in Binasoybean-4. TDM production increased with age in all genotypes but growth was rapid after 45 DAS (Table 24). AGR and RGR decreased with age. Photosynthesis rate was significant until pod formation stage. NR activity increased with age in all genotypes (Table 25). Photosynthesis and chlorophyll content increased until flowering stage followed by a decline in all genotypes. There had no significant differences amongst genotypes in case of chlorophyll content and NR activity at all growth stages. 
Table 20: Some morphological characters, seed yield and yield components in soybean mutants during Rabi season conducted at HQs, Mymensingh
	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)

	SBM-22
	41.33
	3.66ab
	70.33 a
	2.50
	13.84 c
	10.05 a

	SBM-18
	38.67
	4.33 a
	78.00 a
	2.40
	15.98ab
	9.643 ab

	Binasoybean-3
	39.67
	3.33ab
	62.00ab
	2.40
	15.28 b
	10.62 a

	Binasoybean-4
	37.00
	3.00ab
	45.67 b
	2.50
	16.44 a
	8.720 b

	F-test
	NS
	*
	**
	NS
	**
	*

	CV(%)
	6.02
	15.43
	14.25
	5.14
	3.29
	9.53


 Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT
Table 21: Some growth characters at different days after sowing (DAS) in soybean mutants during Rabi season conducted at Mymensingh
	Genotypes
	Total dry mass plant-1 (g)
	AGR (mg plant-1day-1)
	RGR (mg-1g-1day)

	
	
	      Days after sowing
	

	
	30 
	45 
	60 
	 75 
	30-45 
	46-60 
	60-75 
	 30-45 
	46-60 
	60-75 

	SBM-22
	0.75
	1.93a
	15.84a
	22.87
	960 a
	927a
	635 c
	82.2
	15.3d
	5.4b

	SBM-18
	0.64
	1.83ab
	12.85ab
	22.86
	790 b
	734ab
	734 b
	89.5
	17.8c
	5.8ab

	Binasoybean-3
	0.69
	1.50b
	11.32b
	23.53
	540 d
	655b
	906 a
	98.3
	20.7a
	6.2a

	Binasoybean-4
	0.52
	1.65ab
	11.39b
	22.98
	750 c
	649b
	772 b
	103.4
	19.9b
	6.1a

	F-test
	NS
	*
	*
	NS
	*
	*
	**
	NS
	*
	NS

	%CV
	37.8
	10.59
	14.63
	19..26
	14.74
	16.72
	7.43
	15.38
	9.38
	15.02


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT
Table 22: Some physiological parameters at different growth stages of soybean mutants during Rabi season conducted at Mymensingh
	
Genotypes
	Photosynthesis (µmolCO2m-2 s-1)
	Chlorophyll content (SAPD value)
	Nitarate reductage (µgg-1fw)

	
	
	Growth stages
	

	
	Veget-ative
	Bud initia-tion 
	Flower-ing
	Pod forma
-tion
	Veget-ative
	Bud initia-tion
	Flowering
	Pod forma-tion
	Veget-ative
	Bud initia-tion
	Flow-ering
	Pod forma- 
tion

	SBM-22
	37.7b
	41.9a
	41.4a
	36.2a
	36.53
	39.40
	41.13
	34.93
	0.38
	0.76
	0.64
	0.83

	SBM-18
	53.5a
	37.8b
	37.5b
	36.1a
	38.57
	38.77
	40.00
	34.77
	0.41
	0.76
	0.74
	1.43

	Binasoybean-3
	39.1b
	42.7a
	41.7a
	33.4b
	37.53
	39.00
	40.43
	36.87
	0.42
	0.79
	0.86
	1.27

	Binasoybean-4
	39.8b
	41.1a
	37.5b
	34.2ab
	38.40
	39.00
	39.87
	36.97
	0.38
	0.79
	0.79
	1.28

	F-test
	**
	*
	*
	*
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	CV(%)
	20.54
	3.06
	3.85
	2.83
	4.52
	5.97
	3.03
	3.45
	7.34
	5.71
	17.05
	19.88


Values having common letter(s) in a column do not differ significantly at 5% level as per DMRT
Grain sterility in relation to dry mass production and distribution in rice
The experiment was conducted at BINA HQs farm during Aus season of 2016 to assess grain sterility in relation to dry mass production and distribution in rice. Three advanced mutants [B-10-40(C)-1-1, B-10-40(C)-1-5 and B-10-40(C)-1-7] and one variety (BRRI dhan43) were taken as tested planting material. The experiment was conducted in randomized complete block design with three replicates. The unit plot size was 3 m × 3 m with plant spacing 20 cm × 15 cm. 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. Again, 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 the mutants produced the higher dry mass plant-1 than the variety, BRRI dhan43 (Table 26). Considering tiller type and position, main tiller produced the 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 in all genotypes (Table 27). 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 28). The highest proportion of unfilled grains was observed in tertiary tillers followed by secondary and primary tillers in all genotypes. Grain size significantly reduced after primary tiller-2 in all genotypes except RM-10-40(C)-1-5 (Table 29). In RM-10-40(C)-1-5, grain size did not significantly reduce in all primary tillers and secondary tiller-1 & 2.  Harvest index did not significantly reduce by tillering position until primary tiller-4 in all genotypes and secondary tillers-1&2 in two genotypes, RM-10-40(C)-1-1 and RM-10-40(C)-1-5 (Table 31). In other two genotypes, the harvest index reduced significantly after secondary tiller-1. In tertiary tillers, HI decreased drastically. The grain weight plant-1 decreased with increasing tillering position of primary, secondary and tertiary tillers (Table 30). However, grain weight did not significantly reduce until primary tiller-3 of all genotypes. Among the tiller type, the higher grain yield plant-1 was observed in primary branch followed by secondary and tertiary tillers. 
Table 23. Total dry mass /plant (g) at harvest of four advanced mutants/variety grown during Aus season of 2016
	
Tiller types & position 
	Mutants/Variety

	
	RM-10-40(C)-
1-1
	RM-10-40(C)-
1-5
	RM-10-40(C)-
1-7
	BRRI dhan43

	Main tiller
	2.92 a
	3.02 a
	3.06 a                                                                                                                                                                                                     
	2.69 a

	Primary tiller
	
	
	
	

	
	1
	2.99 a
	2.88 ab
	2.95 ab
	2.62 a

	
	2
	2.91 a
	2.93 ab
	2.92 ab
	2.61 a

	
	3
	2.82 ab
	2.87 bc
	2.79 b
	2.60 a

	
	4
	2.48 bc
	2.61 cd
	2.54 d
	2.46 b

	
	5
	2.21 d
	2.14 e
	2.37 de
	2.16 c

	
	6
	---
	2.01 f
	---
	---

	Secondary tiller
	
	
	
	

	
	1
	2.54 bc
	2.52 d
	2.75 bc
	2.46 b

	
	2
	2.18 de
	2.44 de
	2.72 c
	2.33 c

	
	3
	2.00 e
	2.34 e
	2.18 e
	2.06 d

	
	4
	--
	--
	---
	---

	Tertiary tiller
	
	
	
	

	
	1
	1.52 f
	1.90 f
	1.84 f
	1.91 d

	
	2
	---
	--
	---
	--


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05 
Table 24. Variation in filled and unfilled grains number/panicle of four advanced mutants/variety grown during Aus season of 2016
	
Tiller types & position 
	Mutants/Variety

	
	RM-10-40(C)-
1-1
	RM-10-40(C)-
1-5
	RM-10-40(C)-
1-7
	BRRI dhan43

	
	Number of grains panicle-1

	
	Filled 
	Unfilled 
	Filled 
	Unfilled 
	Filled 
	Unfilled 
	Filled 
	Unfilled 

	Main tiller
	90.7 ab
	29.7 b
	94.9 a
	36.3 ab
	96.9 a
	31.5 ab
	86.9
	43.0

	Primary tiller
	
	
	
	
	
	
	
	

	
	1
	90.0 ab
	32.5 ab
	91.0 b
	38.8 a
	97.7 a
	29.1 bc
	85.5
	45.1

	
	2
	94.2 a
	29.2 b
	88.9 bc
	36.3 ab
	97.9 a
	35.0 a
	87.7
	41.7

	
	3
	91.0 ab
	30.1 ab
	86.7 cd
	26.5 c
	90.5 b
	32.0 ab
	84.7
	39.3

	
	4
	86.9 bc
	33.5 a
	87.2 bc
	22.5 de
	88.9 b
	27.5 cd
	62.4
	44.5

	
	5
	52.9 e
	25.8 c
	72.7 e
	18.0 f
	75.4 d
	28.3 c
	55.4
	33.8

	
	6
	---
	---
	43.7 f
	20.0 ef
	---
	---
	---
	---

	Secondary tiller
	
	
	
	
	
	
	
	

	
	1
	83.3 c
	29.8 b
	92.8 a
	26.9 c
	85.8 bc
	26.8 d
	77.3
	38.5

	
	2
	74.7 d
	25.2 c
	82.2 d
	24.6 cd
	81.4 c
	27.5 cd
	74.9
	40.7

	
	3
	54.0 e
	28.1 bc
	74.5 e
	22.9 d
	62.9 e
	19.7 e
	43.3
	44.4

	
	4
	---
	---
	---
	---
	---
	---
	---
	---

	Tertiary tiller
	
	
	
	
	
	
	
	

	
	1
	22.3 f
	33.2 a
	46.6 f
	32.3 b
	28.0 f
	41.5 a
	25.5
	48.8

	
	2
	---
	---
	---
	---
	---
	---
	---
	---[


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05
Table 25. Percent unfilled grain production of the total grains of five advanced mutants/varieties grown during Boro season of 2014-15
	
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; * rarely present






Table 26. Thousand-grain weight (g) of four advanced mutants/variety grown during Aus season of 2016
	
Tiller types & position
	Mutants/Variety

	
	RM-10-40(C)-
1-1
	RM-10-40(C)-
1-5
	RM-10-40(C)-
1-7
	BRRI dhan43

	Main tiller
	23.03 a
	23.98 a
	23.78 a
	25.25 a

	Primary tiller
	
	
	
	

	
	1
	22.93 a
	23.90 a
	23.50 ab
	25.32 a

	
	2
	22.95 a
	23.80 a
	23.33 b
	25.18 a

	
	3
	22.75 b
	23.93 a
	22.98 c
	24.78 b

	
	4
	22.35 c
	23.70 ab
	22.63 d
	24.77 b

	
	5
	22.14 c
	22.75 ab
	22.45 e
	22.90 e

	
	6
	---
	22.60 ab
	---
	---

	Secondary tiller
	
	
	
	

	
	1
	22.70 bc
	23.75 ab
	23.22 b
	24.63 b

	
	2
	22.40 c
	23.65 ab
	22.70 cd
	24.33 c

	
	3
	21.78 d
	22.65 b
	22.60 de
	23.25 d

	
	4
	---
	---
	---
	---

	Tertiary tiller
	
	
	
	

	
	1
	21.68 d
	21.90 c
	22.41 e
	21.20 f

	
	2
	---
	---
	---
	---


* immature grain during harvest; In a column figures having same letter (s) do not differ significantly      at P ≤ 0.0
Table 27. Grain weight plant-1 (g) of four advanced mutants/variety grown during Aus season of 2016
	
Tiller types & position
	Mutants/Variety

	
	RM-10-40(C)-
1-1
	RM-10-40(C)-
1-5
	RM-10-40(C)-
1-7
	BRRI dhan43

	Main tiller
	2.09 a
	2.38 a
	2.30 a
	2.19 a

	Primary tiller
	
	
	
	

	
	1
	2.06 a
	2.27 a
	2.30 a
	2.16 a

	
	2
	2.16 a
	2.22 a
	2.29 a
	2.21 a

	
	3
	2.07 a
	2.17 ab
	2.08 b
	2.20 a

	
	4
	1.90 ab
	2.07 b
	2.01 b
	1.54 c

	
	5
	1.17 c
	1.65 c
	1.69 cd
	1.28 d

	
	6
	---
	0.99 d
	---
	---

	Secondary tiller
	
	
	
	

	
	1
	1.89 b
	2.20 ab
	1.99 b
	1.90 b

	
	2
	1.69 b
	1.94 b
	1.85 bc
	1.82 b

	
	3
	1.18 c
	1.69 c
	1.42 d
	1.01 e

	
	4
	---
	---
	---
	---

	Tertiary tiller
	
	
	
	

	
	1
	0.48 d
	1.02 d
	0.62 e
	0.54 f

	
	2
	---
	---
	---
	---


   * immature grain during harvest; In a column figures having same letter (s) do not differ significantly      at P ≤ 0.0
Table 28. Variation in harvest index of different tillers in four advanced mutants/variety grown during Aus season of 2016
	
Tiller types & position
	Mutants/Variety

	
	RM-10-40(C)-
1-1
	RM-10-40(C)-
1-5
	RM-10-40(C)-
1-7
	BRRI dhan43

	
	
	                      %
	
	

	Main tiller
	40.98 b
	44.02 a
	43.49 a
	44.88 ab

	Primary tiller
	
	
	
	

	
	1
	40.79 b
	44.00 a
	43.81 a
	45.28 a

	
	2
	42.60 a
	43.00 ab
	43.95 a
	45.95 a

	
	3
	42.33 a
	42.90 ab
	43.71 a
	46.05 a

	
	4
	43.38 a
	44.22 a
	44.17 a
	38.50 c

	
	5
	34.62 d
	43.50 a
	41.62 b
	37.21 c

	
	6
	---
	33.00 c
	---
	---

	Secondary tiller
	
	
	
	

	
	1
	42.66 a
	45.60 a
	41.98 ab
	43.48 b

	
	2
	43.38 a
	44.33 a
	40.48 b
	43.85 b

	
	3
	37.11 c
	41.90 b
	39.44 b
	32.90 d

	
	4
	---
	---
	---
	---

	Tertiary tiller
	
	
	
	

	
	1
	24.00 e
	34.91 c
	25.20 c
	22.04 e

	
	2
	---
	---
	---
	---


   In a column figures having same letter (s) do not differ significantly at P ≤ 0.05

Reduced grain shattering by foliar application of Chitosan in rice
The experiment was conducted at the field Laboratory of Bangladesh Institute of Nuclear Agriculture, Mymensingh, during the period from December 2016 to May 2017 to investigate the response of grain shattering to foliar application of chitosan two times at heading and grain filling stages at the rate of 75 ppm. Three varieties viz., Binadhan-8, Binadhan-14 and BRRI dhan47 were used as planting material. The experiment was laid out in a randomized complete block design with three replications. The unit plot size was 4 m × 3 m. Plant spacing was 20 cm × 20 cm. Fertilizers such as urea, TSP, MP and gypsum were applied @ 250, 150, 80 and 40 kg ha-1, respectively. Urea was applied in three splits at 10, 30 and 50 DAT and other fertilizers were applied as basal dose during the final land preparation. Other cultural practices such as weeding and pest control were done as and when necessary for normal plant growth and development. After harvest, 5 hills were mildly shaking by hand and shattering and unshattering grains were counted and converted into percentage of shattering grains. The influence of foliar application of chitosan at heading and grain filling had no effect on reducing grain shattering at harvest in all tested varieties (Table 29). 
Table 29. Effect of foliar application of chitosan on grain shattering at harvest
	Treatment
	
	No. of filled grains/ 5 hills
	No. of shattered grains/ 5 hills
	% shattered grains

	Hormone
	
	
	
	

	Control
	
	2324 b
	243 b
	8.78

	Chitosan
	
	2705 a
	265 a
	8.91

	F-test
	
	*
	*
	NS

	Variety
	
	
	
	

	Binadhan-8
	
	2234 b
	86 b
	3.93 b

	Binadhan-14
	
	3083 a
	622 a
	20.2 a

	BRRI dhan47
	
	2228 b
	55 c
	2.46 b

	F-test
	
	**
	**
	**

	Interaction
	
	
	
	

	Binadhan-8
	Control
	1829 d
	79 b
	4.32 b

	
	Chitosan
	2638 b
	93 b
	3.53 b

	Binadhan-14
	Control
	3057 a
	602 a
	19.69 a

	
	Chitosan
	3109 a
	642 a
	20.64 a

	BRRI dhan47
	Control
	2086 cd
	49 c
	2.34 c

	
	Chitosan
	2369 bc
	61 c
	2.57 c

	F-test
	
	*
	*
	**


In a column within treatment, same letter do not differ significant at P ≤0.05; NS, not significant; *, ** significant at 5% and 1% level of probability, respectively.
Evaluation of similar duration Boro rice varieties based on morpho physiological criteria
The Field experiments were performed at three agro-ecological zones of Bangladesh such as BINA Head Quarter Mymensingh, BINA Sub-station farms, Chapainawabganj and Magura in Robi (January-May) season of 2017. Four released and similar durated rice varieties such as Binadhan-10 (125-130 days), Binadhan-14 (120-130 days), BRRI dhan28 (140 days) and BRRI dhan45 (140-145 days) were used as planting material. The objective of this experiment was to find out the morpho-physiological superiority for higher grain yield.
The experiment was laid out in a Randomized Complete Block Design (RCBD) with 3 replications. The unit plot size was 3.0 m ×3.0 m. Thirty five days old seedlings were transplanted on 01 February, 2017. Plant to plant and row to row distance were maintained at 15 cm and 20 cm, respectively. All the fertilizers were applied at basal doses during final land preparation except urea. Half of urea was applied at 15 days after transplanting (DAT) and remaining half urea was applied at 45 DAT as top dress. Intercultural operations were done when needed for ensuring proper growth and development of the rice. For growth parameters, 5 plant samples were collected at 7 days interval starting from 30 DAT until harvest. The plants were separated in to leaves, stems and roots, and the corresponding dry weights were recorded after oven drying at 80 ± 2 0C for 72 hours. Leaf chlorophyll was measured by SPAD meter (Konica Minolta Sensing Inc., Japan) at different growth stages. Leaf photosynthesis was measured by Portable Photosynthesis System (Li-Cor LI-6400XT). At harvest, yield contributing characters and seed yield were recorded from 5 competitive plants of each replication.

The 1st internodes were sampled at the ripening stage and then fixed in FAA solution (50 % ethanol, 5 % acetic acid, 3.7 % formaldehyde) and stored at 4 0C. The sample was cut using a sharp blade and the sections were stained with 1 % safranin in 30 % ethanol for 30 s, followed by two washes with sterile water, then mounted on Superfrost-plus glass slides (Fisher Scientific, Pittsburgh, PA, USA) using glycerin. Finally, the cross sections of 1st internode were observed by optical microcopy at 100 magnifications. 
The collected data were analyzed statistically following the analysis of variance (ANOVA) technique and the mean differences were adjusted with Duncan’s Multiple Range Test (DMRT) using the statistical computer package program, MSTAT-C.
[image: ]Fig. 3. Morphological appearance of similar durated four rice varieties; A: Seedling stage, B:          
            Flowering stage, C: maturity stage, D: roots



The phenotypic developments were compared from the seedling to the maturity stage. At the seedling stage, Binadhan-14 and BRRI dhan28 displayed apparently shorter plant than other varieties, whereas plant height was almost similar at tillering stage in all varieties.  (Figs. 3 A&B) and at maturity, Binadhan-14 showed the shortest and Binadhan-10 displayed the highest plant height (Fig. 3C &Table 30). Binadhan-10 and Binadhan-14 exhibited long and profuse fibrous roots (Fig 3D) but almost similar heading date was recorded (Table 30). Binadhan-14 and BRRI dhan28 produced increased tiller numbers and Binadhan-10 always produced fewer numbers of tillers (Fig. 4 and Table 30). Finally, Binadhan-14 showed increased harvest index (Table 31). This suggests that several variations were noted among the studied high yielding rice varieties. 

Table 30. Morphological and yield contributing characters of four rice varieties 
	Variety 
	Heading date
	Plant height (cm)
	Tillers plant-1 (no) 
	Effective tillers plant-1 (no)
	Harvest Index (%)

	Binadhan-10
Binadhan-14
	April 13 b
April 06 a
	108.2 a
87.1 c
	12.43 c
15.19 a
	11.33 b
12.94 a
	45.89 a
46.44 a

	BRRI dhan28
	April 08 a
	101.1 b
	15.53 a
	12.94 a
	45.37 a

	BRRI dhan45
	April 08 a
	99.11 b
	13.73 b
	11.71 b
	44.60 b

	CV%
	-
	3.74
	8.35
	9.70
	6.30


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

Fig. 4. Ontogenetic tillering pattern of four rice varieties
The pattern of chlorophyll content and photosynthesis rate was significantly different among the varieties during the different growth periods. The leaf chlorophyll content was higher at 55-65 DAT followed by declined at 75 DAT, thereafter leaf chlorophyll was declined after 75 DAT in all varieties (Fig. 5). The highest leaf chlorophyll content was observed in BRRI dhan28 at 65 DAT and Binadhan-10 contained the lowest chlorophyll (Fig. 5). Besides, the photosynthesis rates were increased until 55 DAT in all varieties but BRRI dhan28 was processed the highest photosynthesis and Binadhan-14 was the lowest (Fig. 6). 

Fig. 5. Chlorophyll content at different growth stages of four rice varieties
The total dry matter (TDM) production in rice varieties increased with age up to maturity but TDM accumulation was rapid from 67 DAT followed by slowly increase up to 60 DAT (Fig. 7). BRRI dhan28 maintained the highest TDM at all growth stages and the lowest TDM was recorded in BRRI dhan45. In contrast, all the varieties showed rapid growth and development at 60-80 DAT but BRRI dhan28 maintained the highest TDM at harvest time (Fig. 8). Considering the dry matter and absolute growth rate, results indicated that BRRI dhan28 had more ability to allocate biomass in developing organs for higher yield production.

Fig. 6. Photosynthetic rate at different growth stages of four rice varieties
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Fig. 7. Total dry mass production at different growth stages in four rice varieties

[image: ]
Fig. 8. Plant growth rate per day at different growth stages in four early maturing rice varieties
The difference of large vascular bundles of the uppermost internodes and pith cavity among different varieties was perceived by microscopic observation. The numbers of large vascular bundles and pith cavity in all rice varieties were almost similar but BRRI dhan28 had shown the highest small vascular bundle (Fig.9 a&b) that might reduce lodging risk. These results indicated that the meristematic activity and cell proliferation enhances plant growth of BRRI dhan28.
[image: ]
Fig.9.  Microscopic observations (cross-section) of the 1st internode

Fig.10.  The number of large and small vascular bundles of the 1st internode (b) 
Variations of yield contributing characters such as panicle length, number of filled and un-filled grains/panicle and 1000-grain weight was significant (Table 34). Binadhan-10 produced the longest panicle with more number of grains and Binadhan-14 had shorter panicles (Fig. 10) with less number of grains per panicle. The lowest unfilled grains/panicle was recorded in BRRI dhan45 followed by BRRI dhan28 and the highest number of unfilled grain was recorded in Binadhan-10 (Table 34). Binadhan-10 produced comparatively coarse grains as compared to others, whereas Binadhan-14 produced fine grain.
Table 31: 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
	Chapai-nawabganj
	Magura
	

	Binadhan-10
Binadhan-14
	29.49 a
22.70 c
	142.5a
134.8 a
	13.46 a
11.60 ab
	29.49 a
22.70 c
	5.69 a
5.75 a
	6.20 a
6.33 a
	6.52
6.69
	6.14 a
6.26 a

	BRRI dhan28
	23.33 c
	139.8 a
	9.96 ab
	23.33 c
	5.71 a
	6.00 a
	6.46
	6.06 a

	BRRI dhan45
	27.66 b
	131.2 a
	8.42 b
	27.66 b
	5.57 b
	5.66 b
	6.41
	5.75 b

	CV%
	3.94
	7.77
	26.30
	3.93
	9.90
	6.94
	5.66
	7.65


Common letter(s) in a column do not differ significantly at 5% level as per DMRT
All the varieties produced similar number of primary branches in panicle but BRRI dhan28 showed higher number of secondary rachis branches as compared to other three varieties (Figs. 11 and 12). Binadhan-10 produced the longest panicle and Binadhan-14 had shorter panicles (Fig. 11). The highest grain yield was recorded in three competitive varieties namely Binadhan-10, Binadhan-14 and BRRI dhan28 at Mymensingh and Chapainawabganj. Besides BRRI dhan45 produced the lowest mean grain yield. These data suggests that the yield can be increased with the increased panicle length, grains per panicle and 1000- seed weight in rice. 
[image: ]
Fig.11. Panicle characterization; (A) Panicle architecture (B) Rachis branches of panicle

Fig 12. Variations in primary and secondary branches of four rice varieties

Fig.13. Relationship between dry weight and grain weight plant-1
It is observed that the grain yield increased with increased total dry matter production and grain yield strongly correlated with total dry mass production (Fig. 13).These results indicated that higher dry matter production during grain filling is helpful for grain filling in rice. 
The variety which had bigger panicle length, higher effective tiller number, grains per panicle, more 1000 seed weight, higher photosynthesis rate and better dry matter partitioning to economic yield showed higher grain yield. Three varieties namely, Binadhan-10, Binadhan-14 and BRRI dhan28 produced superior grain yield than BRRI dhan45. This information may helpful for breeders for developing superior rice varieties.

	










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 Old Brahmaputra Floodplains and Madhupur Tract area during the period between 1960s and 2016. 

Organic matter could play an important role and attributed to increase soil fertility and crop productivity. The combinations of organic materials showed very useful to produce higher yield in   Mustard - T.Aus - T.Aman cropping pattern.

The critical limit of extractable phosphorus for rice (Binadhan-14) by graphical approach for Olsen, Bray and Nelson extraction methods were 12.5, 17.0, 22.0ppm and the corresponding values by statistical method was 23.5, 7.5 and 14.5ppm, respectively. Considering the principle, higher is the R2 value, better the fit Nelson method of phosphorus determination is the best for estimating critical limit of phosphorus for rice.

Result revealed that the performance of treatment T10 (Chemical fertilizer+PM3) and T11 (Chemical fertilizer+VC3) were better than all other treatments for Boro and T.aman rice production at Nalitabari, Sherpur. Among the organic manure sources used poultry manure and vermicompost at a rate of 3 t ha-1 performed better than all other sources on crop production.

The optimum and economic doses of nutrients may be recommended as N120P60K120S36 kg ha-1 for Boro rice mutants production in drought prone area. Considering the response of individual element application of N80-100P30-45K80-100S24-30Zn2B1 kg/ha fertilizer may be recommended to obtain the highest onion yield at BINA Headquarter farm, Mymensingh. 

Influence of root and litter biomass of forest and oil palm areas in different depths of soil (0–5, 5-15, 15-30, 30-60 and 60-90 cm) on soil physical and chemical properties was investigated. Oil palm system produced higher organic carbon and its stock than forest soil. Bulk density of forest soils was lower both of 0-5 and 5-15 cm soil depths over oil palm soil and there after it was higher in forest soil than oil palm soil. Decomposition of litter biomass or droppings performed δ13C dilution in surface soil but root system enriched δ13C in subsurface soil.

Pot experiment was conducted to evaluate the effect of iron plaque on rice yield. Different doses of iron (0, 25, 50 and 100ppm Fe) were used for this experiment. Arsenic (33ppm As) was used in all treatments except control. The treatment combinations were As0Fe0, As33Fe0, As33Fe25, As33Fe50, and As33Fe100.  Treatment As33Fe25 produced higher grain yield of rice over As33Fe0 treated plot. It may be concluded that iron plaque using 25ppm Fe is an effective dose to inhibit arsenic accumulation and translocation from root to other parts of plant.

The result indicated that 70% N from (CF) with 30% N from either giant mimosa or sesbania green manures gave comparable yield to the sole application of 100% N from CF alone. In case of boro rice (Binadhan 17), 75% N from CF with 25% N from either giant mimosa brown manure or vermicomost-1 gave statistically similar grain yield. 

The mutant Kas-80 had better response in lower rates of P (5 or 15 mg P kg-1) than the mutant Kas-60 under P deficit condition. But both mutants had higher requirement of P (35 mg P kg-1 sand) to attain at maximum grain yield than the check cultivars (both of Binadhan 17 and Kasalat local). 
Three field experiments were conducted on the effects of Felon (Cowpea) Rhizobia strains (Biofertilizer) at Mymensingh, Magura and Khagrachari and one strain was found as better biofertilizer quality on growth and yield of Felon.

Five strains of soybean rhizobia were evaluated in field of Rangpur among them one strain was found better as biofertilizer production.

Nine strains of country bean were evaluated in pot condition and five strains were selected for field evaluation based on nodulation and biomass production.

Four starins of French bean were screened out through pot experiment for field performance study based on growth, nodulation and biomass production.

A 8-23% yield increase was observed due to biofertilizer application in three demonstration of mungbean at Magura.

502 kg biofertilizer were produced and distributed for pulse and oil seed production.

Characterization and changes of soil characters in Brahmaputra Floodplains and Madhupur Tract Soils

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 and December 2016. Some selected soil samples were collected from 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, ground 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 analyzed 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, available P content was measured by ammonium fluoride solution extraction and available S content by calcium chloride solution extraction 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

	Nakla, Char Guadanga, Rambhadrapur, Fulpur, Mymensingh
	Old Brahmaputra Floodplain (AEZ 9)
	Highland
	Boro-T.Aman-Rabi

	Fulpur, Char Niamat, Rambhadrapur, Fulpur,
Mymensingh
	,,
	Highland
	Boro-T.Aman- Rabi/F

	Sherpur, Char Niamat, Rambhadrapur, Fulpur, Mymensingh
	,,
	Highland
	Rabi/F-Boro-T.Aman

	Tarakanda, Deuatali,
Tarakanda, Mymensingh
	,,
	Medium Highland
	Boro/T.Aus-T.Aman

	Bhatpara, Aultia Golabhita, 
Trisal, Mymensingh
	Madhupur Tract
(AEZ 28)
	Highland
	Aus rice/ Spices/vegetables- F

	Karail, Gujum, 
Fulbaria, Mymensingh
	,,
	Lowland
	Boro-Fallow



Results and Discussion
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 ranges of soil characters are presented in Table 2. The values of ranges showed wide variations for most of the soil characters of the studied areas of Brahmaputra Floodplains and Madhupur Tract.

Table 2. Ranges of some selected characters of surface soil under study.

	Soil characters
	Ranges

	Sand (%)
Silt (%)
Clay (%)
pH
Organic C (%)
Total N (%)
Avail-P (ppm)
Avail-S (ppm)
Exch. Ca (me%)
Exch. K (me%)
Exch. Na (me%)
	35.2-68.6
22.0-46.0
9.4-25.4
5.46-6.28
1.10-2.82
0.100-0.210
5.46-17.60
23.57-41.43
1.30-6.87
0.041-0.140
0.19-0.32



Changes in particle size distribution 
Table 3 showed the particle size distribution (sand, silt and clay contents) of the studied soils. Particle size distribution showed an increase/decrease in various layers of soils in different locations during the study period.  These variations in the sand, silt and clay contents within the studied soils might be due to their erosion/deposition either natural or anthropo-pedogenic processes 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

	Nakla, Char Guadanga, Rambhadrapur, Fulpur, Mymensingh 
	0-12
	51.0
	43.2
	36.0
	44.0
	13.0
	12.8

	
	12-26
	47.0
	45.2
	39.0
	33.0
	14.0
	21.8

	
	26-40
	46.0
	47.2
	40.0
	32.0
	14.0
	20.8

	Fulpur, Char Niamat, Rambhadrapur, Fulpur,
Mymensingh

	0-8
	80.0
	61.2
	11.0
	26.0
	15.0
	12.8

	
	8-13
	83.0
	52.2
	9.0
	33.0
	6.0
	14.8

	
	13-20
	88.0
	65.2
	6.0
	20.0
	2.0
	14.8

	Sherpur, Char Niamat, Rambhadrapur, Fulpur, Mymensingh
	0-15
	32.0
	35.2
	56.0
	46.0
	12.0
	18.8

	
	15-25
	30.0
	31.2
	55.0
	46.0
	15.0
	22.8

	
	25-50
	26.0
	37.2
	58.0
	44.0
	16.0
	18.8

	Tarakanda, Deuatali,
Galagaon, Tarakanda, Mymensingh 
	0-9
	67.0
	51.2
	18.0
	32.0
	9.0
	16.8

	
	9-13
	84.0
	41.2
	10.0
	30.0
	8.0
	28.8

	
	13-20
	94.0
	44.2
	4.0
	35.0
	6.0
	20.8

	Bhatpara, Aultia Golabhita, 
Trisal, Mymensingh
	0-12
	7.0
	68.6
	46.0
	22.0
	47.0
	9.4

	
	12-35
	6.0
	56.6
	44.0
	32.0
	50.0
	11.4

	
	35-50
	2.0
	
	49.0
	
	49.0
	

	Karail
Betbaria, Anayetpur, Fulbaria
	0-10
	5.0
	36.6
	30.0
	38.0
	65.0
	25.4

	
	10-15
	4.0
	14.6
	27.0
	42.0
	69.0
	43.6

	
	15-27
	5.0
	
	31.0
	
	64.0
	






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 5.46 to 6.28 in the surface soils during the period 2016. The organic carbon and total nitrogen contents varied from 0.87 to 2.12% and 0.100 to 0.210%, respectively. Table 4 showed an increase in soil pH in all the locations under study. Organic carbon and total nitrogen showed an increase in the soils of Brahmaputra Floodplains and a decrease in the soils of Madhupur Tract under study during the period between 1960s and 2016. The differential changes in soil pH, organic carbon and total nitrogen of different soils are 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
	Organic C (%)
	Total N (%)

	
	
	1960s
	2016
	1960s
	2016
	1960s
	2016

	Nakla, Char Guadanga, Rambhadrapur, Fulpur, Mymensingh
	0-12
	5.10
	5.50
	0.63
	1.40
	0.080
	0.153

	
	12-26
	5.00
	6.01
	0.50
	0.75
	0.070
	0.094

	
	26-40
	5.30
	6.20
	0.35
	0.60
	0.060
	0.068

	Fulpur, Char Niamat, Rambhadrapur, Fulpur,
Mymensingh 
	0-8
	5.50
	6.04
	0.33
	0.89
	0.070
	0.115

	
	8-13
	5.70
	6.49
	0.20
	0.60
	0.050
	0.071

	
	13-20
	5.90
	6.55
	0.12
	0.42
	0.040
	0.047

	Sherpur, Char Niamat, Rambhadrapur, Fulpur, Mymensingh
	0-15
	5.20
	6.28
	0.64
	0.78
	0.090
	0.100

	
	15-25
	5.40
	6.71
	0.57
	0.54
	0.080
	0.054

	
	25-50
	6.10
	6.77
	0.39
	0.36
	0.080
	0.045

	Tarakanda, Deuatali,
Galagaon, Tarakanda, Mymensingh 
	0-9
	5.40
	5.48
	0.25
	1.40
	0.060
	0.127

	
	9-13
	6.10
	6.70
	0.21
	0.54
	0.020
	0.075

	
	13-20
	6.60
	6.96
	0.06
	0.45
	0.020
	0.056

	Bhatpara, Aultia Golabhita, 
Trisal, Mymensingh
	0-12
	5.20
	5.46
	2.10
	1.64
	0.160
	0.110

	
	12-35
	5.30
	6.11
	1.56
	0.99
	0.110
	0.051

	
	35-50
	5.50
	7.03
	0.95
	0.96
	0.090
	0.058

	Karail
Betbaria, Anayetpur, Fulbaria
	0-10
	4.60
	5.95
	2.45
	2.12
	0.280
	0.210

	
	10-15
	4.70
	6.89
	2.89
	0.89
	0.280
	0.135

	
	15-27
	4.60
	7.26
	3.00
	0.60
	0.280
	0.059



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 1.30 to 6.87, 0.041 to 0.14 and 0.19 to 0.32 me%, respectively during the period 2016. Table 5 showed a decrease in exchangeable Ca and exchangeable K and an increase in exchangeable Na contents in the Nakla and Sherpur series soils under during the period between 1960s and 2016. 

The variations and changes in the soil characters (such as particle size distribution, soil pH, organic carbon, total N and exchangeable Ca, K and Na contents) within the studied soils might be due to the local differences in soil characteristics, changes in cropping systems (e.g. crop types, fertilization, irrigation, etc.) and other management practices in the farming communities during the period between 1960s and 2016.  

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

	Nakla, Char Guadanga, Rambhadrapur, Fulpur, Mymensingh 
	0-12
	3.10
	1.30
	0.34
	0.051
	0.11
	0.19

	
	12-26
	1.60
	1.48
	0.10
	0.041
	0.09
	0.18

	
	26-40
	3.10
	2.04
	0.06
	0.049
	0.07
	0.23

	Fulpur, Char Niamat, Rambhadrapur, Fulpur,
Mymensingh	
	0-8
	
	2.04
	
	0.041
	
	0.23

	
	8-13
	
	2.22
	
	0.035
	
	0.25

	
	13-20
	
	3.52
	
	0.042
	
	0.32

	Sherpur, Char Niamat, Rambhadrapur, Fulpur, Mymensingh
	0-15
	3.40
	2.78
	0.32
	0.049
	0.12
	0.23

	
	15-25
	3.60
	4.26
	0.13
	0.064
	0.12
	0.37

	
	25-50
	5.40
	3.89
	0.06
	0.059
	0.12
	0.33

	Tarakanda, Deuatali,
Galagaon, Tarakanda, Mymensingh 
	0-9
	
	2.04
	
	0.044
	
	0.24

	
	9-20
	
	4.45
	
	0.054
	
	0.39

	
	20-35
	
	3.71
	
	0.048
	
	0.37

	Bhatpara, Aultia Golabhita, 
Trisal, Mymensingh
	0-12
	9.50
	6.87
	
	0.140
	
	0.32

	
	12-35
	10.27
	8.15
	
	0.130
	
	0.24

	
	35-50
	8.63
	7.68
	
	0.100
	
	0.30

	Karail
Betbaria, Anayetpur, Fulbaria
	0-10
	6.53
	4.26
	
	0.140
	
	0.19

	
	10-15
	
	5.62
	
	0.100
	
	0.16

	
	15-27
	12.82
	8.66
	
	0.170
	
	0.32



Conclusion
The study on soil characterization and assessment of land degradation situation revealed the variations in soil properties and site-specific increase/decrease in the particle size distribution (sand, silt and clay), soil pH, organic carbon, total N and exchangeable cation (Ca, K and Na) contents in the Old Brahmaputra Floodplains and Madhupur Tract during the period between 1960s and 2016. 



Field trials with T.Aman - Mustard - T.Aus cropping pattern for sustaining soil fertility and crop productivity

Over the last few decades, enormous pressure has been exerted on the land resources of the country to derive necessary food, fiber and fuel for its vast population. The available information provides evidences on the depletion of plant nutrients and degradation of land resources. Further integrated and balanced nutrient management practices are ensuring an increased soil fertility and sustained crop productivity. Therefore, a study was initiated to increase crop yield through the use of organic residues along with chemical fertilizers to look beyond the immediate crop needs for building up of soil fertility for the future. Determination of the physico-chemical properties of the initial soil of the experimental field were done and reported in an earlier report. 
Data on yield and yield contributing characters of crops were recorded and 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). Data on yield and yield contributing characters of crops of Mustard-T.Aus-T.Aman pattern during 2016-17 have been reported here. 

Results and discussion

Transplanted  aman rice (Variety - Binadhan-7) :

After havesting of T. Aus .T Aman was planted in the same experimental plots. Fifty percent of T.aus residues were added in all plots except T1 (control). Recommended 50% dose of N, P, K and S fertilizers were applied in all plots. All amounts of TSP, MP and Gypsum were applied during final land preparation. Data of different yield contributing parameters are shown in Table 6. Plant height and panicle length did not vary significantly among the treatments. Among the treatments, T4 produced the maximum number of effective tillers per hill (11.67) and the minimum (9.73) was found in T1. Treatment T3 produced the maximum number of grains panicle-1 (98.67) and minimum number (82.93) was found in the treatment T5. All the treatments produced statistically similar grain yield except T1. The highest grain yield of T. aman rice was found in treatment T5 (5.58 t ha-1) and the lowest yield (4.30 tha-1) was observed in T1. The highest straw yield (6.55 t ha-1) was found in the treatment T6 and the lowest yield (5.34 t ha-1) observed in T1 treatment (Table 6). 

Table 6. Yield and yield contributing characters of Binadhan-7 during 2016

	Treatment
	Plant ht. (cm)
	Panicle length (No)
	No. of tillers hill-1
	No. of Grain panicle-1
	Grain wt.
 (t ha-1)
	Straw wt.
 (t ha-1)

	T1
	94.27
	23.67
	9.73c
	89.40c
	4.30b
	5.34d

	T2
	93.33
	24.06
	10.07bc
	87.0cd
	5.29a
	5.70cd

	T3
	93.13
	24.33
	10.80ab
	98.67a
	5.39a
	5.95bc

	T4
	94.13
	23.60
	11.67a
	96.33ab
	5.56a
	6.35ab

	T5
	95.6
	23.67
	9.87bc
	82.93d
	5.58a
	6.43ab

	T6
	95.47
	23.53
	10.33bc
	92.37bc
	5.28a
	6.55a

	CV (%)
	NS
	NS
	5.46
	3.80
	5.60
	5.34


In a column, same letter (s) are not significantly different at 5% level, CV = Coefficient of variation
Mustard (Variety - Binasarisha-10) :
After harvesting of T. Aman rice, mustard was sown in the same experimental plots. Fifty percent of T. Aman rice residues were added in all plots except T1 (control). Fifty percent of recommended N, P, K, S fertilizers were applied in all plots. Yield and yield contributing characters of mustard are shown in Table 7. The longest plant (86.67cm) was found in treatment T3 and the shortest plant (78.00 cm) in T5 treatment. Maximum number of branch per plant (5.87) was found in T3 treatment and minimum (4.17) and maximum pod per plant (101.1) in T3 treatment. The highest seed yield (1.24 t ha-1) was obtained from treatment T3 and the lowest seed yield (0.68 t ha-1) in T1 treatment. The highest stover yield (3.63 t ha-1) was obtained from treatment T3 and the lowest yield (2.67 t ha-1) in T1 treatment (Table 7). 
	
Table 7. Yield and yield contributing characters of Binasarisha-10 during 2016-17
	Treatment
	Plant ht. (cm)
	Branch
plant-1 (No)
	Pod length (cm)
	Pod Plant-1
	Seed pod-1
	Grain wt. (t ha-1)
	Straw wt. (t ha-1)

	T1
	82.13b
	4.17c
	3.80b
	91.47ab
	14.87
	0.68d
	2.67e

	T2
	81.73b
	5.20ab
	4.33a
	98.80a
	15.87
	1.11ab
	3.46ab

	T3
	86.67a
	5.87a
	4.53a
	101.1a
	15.20
	1.24a
	3.63a

	T4
	82.07b
	5.73ab
	4.43a
	88.47ab
	15.00
	0.91bcd
	2.86de

	T5
	78.00c
	5.10b
	4.50a
	84.13b
	14.20
	0.84cd
	3.08cd

	T6
	82.93b
	5.20ab
	4.20a
	94.33ab
	15.20
	1.07abc
	3.29bc

	CV (%)
	2.37
	7.48
	4.39
	7.89
	-
	14.85
	16.82


In a column, same letter (s) are not significantly different at 5% level, CV = Coefficient of variation
Transplanted aus rice (Variety- Binadhan-14) :

After harvesting of mustard, T. Aus rice was transplanted in the same experimental plots. One-third mustard residues were chopped and added in all plots except T1 treatment. Recommended 50% dose of N P, K, S fertilizers were applied in all plots. The yield and yield contributing characters of T. Aus rice were significantly influenced by the treatments (Table 8). The grain yield of Binadhan-14 ranged from 4.39 to 4.81 t ha-1. The highest grain yield (4.81t ha-1) was found in the treatment T4 and the lowest grain yield (4.39 t ha-1) was observed in T3 treatment. All the treatments were produced statistically similar straw yield except T4 treatment, which produced the highest yield (5.92 t ha-1). The results indicated that the combination of organic residues were very useful to contribute in crop yield and soil fertility.
 
Table 8: Yield and yield contributing characters of Binadhan-14 during 2017

	Treatment
	Plant ht. (cm)
	Panicle length (No)
	No. of tillers hill-1
	Grain panicle-1
	1000 seed wt.
	Grain wt. (t ha-1)
	Straw wt. (t ha-1)

	T1
	80.87b
	18.33c
	10.80bc
	83.80b
	27.33ab
	4.53 bc
	5.10b

	T2
	80.27b
	20.20b
	11.40b
	83.53b
	28.17a
	4.57bc
	5.00b

	T3
	80.07b
	20.67ab
	13.73a
	83.60b
	28.17a
	4.39c
	4.90b

	T4
	80.13b
	21.00ab
	13.73a
	91.27a
	28.23a
	4.81a
	5.92a

	T5
	79.13b
	20.53ab
	10.93bc
	82.67b
	25.97b
	4.71ab
	5.20b

	T6
	86.60a
	21.47a
	10.13c
	83.80b
	26.70ab
	4.52bc
	4.99b

	CV (%)
	2.98
	3.08
	5.61
	2.64
	3.47
	2.33
	3.48


In a column, same letter (s) are not significantly different at 5% level, CV = Coefficient of variation
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 in Mustard - T.Aus- T.Aman cropping pattern. 
Determination of critical limit for extractable phosphorus of selected soils for rice

Critical limit is usually designated at a single point within the bend at the curve relating nutrient concentration to yield. 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 three different extraction methods (Table 9). 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. Fertilizer was applied two fold higher than the normal doses. After mixing the soil, five seeds of Binadhan-14 were sown in each pot as test crop. They were thinned to single hillpot-1 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 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). The percent relative yield known as Bray’s percent yield was calculated from the following relationship:

                                   Yield without P 
% Relative yield =   -------------------    100
                                          Yield with P

Accordingly, the coefficient of determination (R2) was computed from the following relationship:
         TCSS – (CSS1 + CSS2)
R2 = -----------------------------
                 TCSS

Where, TCSS = Total corrected sum of square
             CSS1 = Corrected sum of square for population 1
             CSS2 = Corrected sum of square for population 2
The pH, organic matter, total N content of different soil series were determined and presented in table 9 which varies among the soil series and values ranges from pH (5.0-7.5), OM (1.44-1.99%) & total N (0.08-0.13%), respectively. The amount of extractable P varied markedly depending on the soils and extraction methods used (Table 9). 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 and 14-38ppm with a mean value of 24ppm following Nelson extraction method. Dry matter yields were markedly influenced by increasing levels of phosphorus fertilizer, which indicated that plant growth was encouraged by P application. The dry matter yield was obtained from different phosphorus rates ranged from P0 (1.22-4.60), P30 (1.28-4.99) and P60 (1.52-5.63) g/pot.  In general, the soils having low extractable P responded better to the added P fertilizers (Table 9).
 
Critical level of extractable phosphorus for rice (Binadhan-14) by graphical approach for Olsen, Bray and Nelson extraction methods were 14.0, 17.0 and 24.5ppm, respectively (Fig. 1). The corresponding critical level by statistical method was 25.0, 7.5 and 14.5ppm, respectively (Table 10). 

Considering the principle, higher is the R2 value, better the fit. Based on R2 value it may be concluded that Nelson method of phosphorus determination is the best for estimating critical limit of P for rice.

Table 9: 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 (gpot-1)
	Relative yield (%)
	Extractable P (ppm)

	
	
	
	
	P0
	P30
	P60
	
	Olsen
	Bray
	Nelson

	Sonatala
	6.2
	1.44
	0.08
	1.86
	2.39
	3.42
	44
	12
	16
	20

	Silmondi
	5.9
	1.36
	0.08
	2.68
	3.90
	4.55
	59
	12
	16
	21

	Ghatail
	5.7
	1.84
	0.10
	2.94
	4.21
	4.48
	66
	16
	17
	23

	Sara
	7.2
	1.17
	0.08
	1.65
	2.25
	4.24
	39
	23
	13
	25

	Gopalpur
	7.5
	1.45
	0.08
	1.31
	1.35
	1.66
	79
	16
	17
	20

	Ishurdi
	7.4
	1.83
	0.12
	1.60
	2.23
	2.60
	62
	11
	11
	16

	Barisal
	7.5
	1.92
	0.12
	1.22
	1.52
	1.76
	69
	24
	22
	14

	Jhalakhati
	7.1
	1.99
	0.13
	2.80
	4.74
	4.86
	58
	22
	30
	35

	Bajoa
	6.3
	1.42
	0.09
	3.66
	4.13
	4.61
	79
	26
	34
	37

	Amnura
	6.7
	1.38
	0.09
	1.92
	2.40
	2.64
	73
	11
	13
	33

	Dudnai
	6.8
	1.23
	0.08
	1.48
	1.28
	1.52
	97
	09
	07
	14

	Ekdala
	6.2
	1.14
	0.08
	1.69
	2.66
	2.98
	56
	08
	09
	17

	Pritimpasha
	5.3
	1.67
	0.10
	2.31
	4.54
	4.90
	47
	10
	08
	15

	Mirarsharai
	5.1
	1.83
	0.10
	4.01
	4.88
	4.92
	82
	07
	08
	17

	Goyanghat
	5.9
	1.61
	0.12
	2.00
	3.32
	3.79
	53
	08
	10
	16

	Phagu
	5.1
	1.98
	0.12
	1.92
	3.32
	3.79
	51
	06
	10
	19

	Pirgacha
	5.8
	1.37
	0.11
	4.60
	4.99
	5.63
	82
	13
	18
	37

	Gangachara
	5.9
	1.61
	0.10
	2.46
	3.27
	5.16
	48
	10
	14
	35

	Polashbari
	5.0
	1.59
	0.10
	3.53
	4.78
	4.83
	73
	13
	10
	27

	Jamun
	5.6
	1.42
	0.09
	3.94
	4.23
	5.00
	79
	10
	19
	38

	Mean
	6.2
	1.56
	0.09
	2.48
	3.32
	3.62
	65
	13
	15
	24

	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



Table 10. Critical soil phosphorus limits for soils P extraction methods as determined by                graphical and statistical approaches over the soils

	Extractants
	Methods for determining critical P (ppm)
	R2 Value

	
	Graphical
	Statistical
	

	Olsen P (0.5M NaHCO3, pH 8.5 )
	14.0
	25.0
	0.046

	Bray P (0.03N NH4F + 0.025N HCl)
	17.0
	7.5
	0.238

	Nelson P (0.05N HCl + 0.02N H2SO4)
	24.5
	14.5
	0.246



 (
CL=24.5 ppm
) (
CL=17.0 ppm
) (
CL=13.5 ppm
)

Fig 1: Critical limit of extractable phosphorus for rice by different methods

	
Organic and inorganic fertilizer management practices for increased crop production in Mustard-Boro-T. Aman rice cropping pattern

Improved soil fertility is a precondition for increased crop productivity. 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 initial soil sample was collected for pH, organic matter, total N, exchangeable K, available P, and S determination (Table 11). Organic manures were used in the boro crop of the cropping pattern. Nutrient sources and contents of the organic manures are given in Table 12. The experiment was laid out in a randomized complete block design (RCBD) and there were four treatments (four levels of N, P, K and S) for mustard and sixteen treatments for Boro and T. Aman (Table 13). Each replication represented a block. There were 12 (4×3) plots for mustard (cv. Binasharisha-10) and 48 (16×3) plots for boro (Binadhan-14) and T. Aman rice (Binadhan-7). The recommended doses of fertilizer treatments were used in the experiment. 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. 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. Plant samples (grain and straw) were collected from the field experiment for analysis of NPKS content.

Table 11. Initial soil characteristics of the experimental site
	Locations
	pH
	OM (%)
	Total N (%)
	Available P (ppm)
	Available S (ppm)
	Exchangeable K (meq%)

	BINA substation farm Nalitabari, Sherpur
	6.8
	1.16
	0.065
	9.48
	13.33
	0.11

	Interpretation
	Neutral
	Low
	Very low
	Low
	Low
	Low

	Critical limit
	-
	-
	0.12
	10.00
	12.00
	0.12



Table 12. 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 13. Details of fertilizer management practices for Mustard-Boro-T.Aman rice cropping pattern at BINA substation farm, 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 2nd and 3rd crops of the cropping pattern are given in Table 14. The highest grain yield of 6.74 t ha-1 in boro rice (Binadhan-14) during 2017 was obtained in treatment T16 (N90P15K45S12 + VC4 kgha-1) which was statistically similar with treatment T11 (6.67 t ha-1) and treatment T10 (6.61 t ha-1), respectively. It was noted that statistically identical yields obtained from all other treatments except treatments T1 and T2. The lowest yield was obtained from treatment T1 (2.28 t ha-1). Statistically similar straw yields of boro rice were obtained from all other treatments except treatment T1 (3.18 t ha-1). Regarding T.aman rice (2016), the highest yield (Binadhan-7) was obtained in treatment T11 (4.92 t ha-1) which was also statistically identical with all other treatments, except treatments T1 and T2. The lowest grain yield was obtained from treatment T1 (1.75 t ha-1). It was observed that the straw yields differed significantly among the treatments and the lowest was obtained from treatment T1 (2.06 t ha-1). Among the organic manure used, poultry manure and vermicompost at a rate of 3 t ha-1 performed better than all other sources on crop production under study.

Table 14. Grain and straw yields (t ha-1) of T. Aman and Boro rice at BINA sub-station farm, Nalitabari, Sherpur

	Treatments 
	Boro rice-2017
	T. Aman rice-2016

	
	Grain
	Straw
	Grain
	Straw

	T1 
	2.28c
	3.18b
	1.74c
	2.06e

	T2 
	5.58b
	6.60a
	4.02b
	6.39cd

	T3 
	6.09ab
	6.76a
	4.42ab
	6.46bcd

	T4 
	6.07ab
	6.80a
	4.47ab
	6.28cd

	T5 
	6.32ab
	6.41a
	4.55ab
	6.61bc

	T6 
	6.31ab
	6.99a
	4.58ab
	6.56bc

	T7 
	5.87ab
	6.28a
	4.20ab
	6.52bcd

	T8 
	6.11ab
	6.33a
	4.40ab
	6.82abc

	T9 
	6.28ab
	6.31a
	4.78ab
	7.23a

	T10 
	6.61a
	6.74a
	4.81ab
	6.96ab

	T11 
	6.67a
	6.45a
	4.92a
	6.61bc

	T12 
	6.16ab
	6.52a
	4.65ab
	6.36cd

	T13 
	6.26ab
	6.87a
	4.82ab
	6.28cd

	T14 
	6.45ab
	6.54a
	4.86ab
	5.97d

	T15 
	6.45ab
	6.70a
	4.86ab
	6.41bcd

	T16 
	6.74a
	6.37a
	4.89ab
	6.68abc

	CV (%)
	5.14
	5.48
	6.61
	4.44



Conclusion
Result revealed that the performance of treatment T10 and T11 were better than all other treatments for Boro and T.Aman rice production at Nalitabari, Sherpur. Among the organic manure used, poultry manure and vermicompost at a rate of 3 t ha-1 performed better than all other sources on crop production under study. 

Determination of optimum and economic doses of nutrients for major crops developed by BINA under different environment

Food production and fertilizer application are inextricably linked. Field trial of four mutant lines of Boro rice at BINA substation farm, Chapainawabgonj during 2016-17 and two mutant lines of Onion, the trial were conducted at BINA Headqurters farm, Mymensingh during March 2017 to determine the amount of fertilizer requirement for higher crop production. The initial soil nutrient status is given in Table-15. There were six treatments for Boro mutant lines viz. T1: Control, T2: (N80P16K40S8), T3: (N100P20K50S12), T4: (N120P24K60S16), T5: (N140P28K70S20), T6: (N160P32K80S24) (Table 2). The treatments and fertilizer doses for onion mutant lines were T1: Control, T2: (N80P30K80S24), T3: (N100P45K100S30), T4: (N120P60K120S36), T5: (N140P75K140S42) (Table 16). The trails were laid out in a Randomized Complete Block Design (RCBD) with three replications.

Table 15. Initial soil characteristics of the experimental sites

	Locations
	pH
	OM (%)
	Total N (%)
	Available P (ppm)
	Available S (ppm)
	Exchangeable K (meq%)

	BINA Headqurters farm, Mymensingh
	7.2
	1.44
	0.095
	25
	18
	0.12

	Interpretation
	Neutral
	Low
	low
	Optimum
	Medium
	Low

	Critical limit
	-
	-
	0.12
	10
	10
	0.12

	
	
	
	
	
	
	

	BINA substation, Chapainawabgonj
	5.0
	1.12
	0.09
	09
	11
	0.11

	Interpretation
	Strongly acidic
	Low
	Very low
	Low
	Low
	Low

	Critical limit
	-
	-
	0.12
	8
	10
	0.12


(a) Evaluation of NERICA boro rice mutant lines for fertilizer requirement at BINA      substation farm, Chapainawabgonj

The yield of Boro rice mutant lines affects significantly due to treatments (Table 16). In mutant line N4/250/P-1(2), the highest grain (5.13 t ha-1) and straw yields (6.71 t ha-1) were obtained from the treatment T5. In mutant line N4/250/P-2(6), the highest grain (5.83 t ha-1) and straw yields (7.21 t ha-1) were obtained from treatment T6. Regarding mutant line N4/350/P-4 (5), the highest grain (5.78 t ha-1) and straw (6.61 t ha-1) yields were obtained from treatment T4. In case of mutant line N4/250/P-5(4), the highest grain (5.78 t ha-1) was obtained from treatment T5 and the highest straw (6.79 t ha-1) yield was obtained from T6. In all the cases, the lowest yield was found in control treatment.

In drought prone area Boro 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 different treatments and different mutant lines required different fertilizer doses. Considering statistically identical yield treatment T4 may be considered for Boro rice cultivation at drought prone area. The optimum and economic doses of nutrients may be recommended as N120P24K60S16 kg ha-1 in Boro rice mutants.
 
Table 16. Grain and straw yields (t ha-1) of four Boro rice mutant lines at BINA sub-station farm, Chapainawabgonj 

	Treatments
	N4/250/P-1(2)
	N4/250/P-2(6)
	N4/350/P-4(5)
	N4/250/P-5(4)

	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	T1: Control
	1.68c
	2.31b
	1.57c
	2.28e
	1.71c
	2.61c
	2.17c
	3.26c

	T2: (N80P16K40S8)
	3.89b
	5.66a
	3.20b
	4.89d
	3.13bc
	4.00bc
	3.38bc
	5.24b

	T3: (N100P20K50S12)
	4.81ab
	6.23a
	4.62ab
	6.06c
	4.90ab
	5.52ab
	4.34ab
	6.20ab

	T4: (N120P24K60S16)
	4.76ab
	6.67a
	5.06a
	6.38bc
	5.78a
	6.61a
	5.17ab
	6.52ab

	T5: (N140P28K70S20)
	5.13a
	6.71a
	5.81a
	7.05ab
	5.47a
	6.28a
	5.78a
	6.63ab

	T6: (N160P32K80S24)
	5.10a
	6.29a
	5.83a
	7.21a
	5.18a
	6.47a
	5.77a
	6.79a

	CV (%)
	4.01
	4.74
	12.17
	10.27
	5.49
	11.09
	13.13
	9.09

	Blanket dose
	Zn2B1


In a column, means with common letter(s) are not significantly different at 5% level of probability by DMRT
(b) Optimum fertilizer requirement for summer onion mutant lines at BINA Headquarters farm, Mymensingh

Results indicated that application of different levels of fertilizers increased yield significantly over absolute control treatments (Table 17). In mutant line BP2/100/2, the highest bulb yield (8.26 t ha-1) was obtained from treatment T2 and T3. The lowest yield was found in control treatment. In mutant line BP2/75/2, the highest bulb yield (6.63 t ha-1) was obtained from treatment T3 and the lowest yield was also found in control treatment. Result revealed that the response of individual element N80-100P30-45K80-100S24-30Zn2B1 kg ha-1 fertilizer may be recommended for obtained the highest onion yield at BINA Headquarters farm, Mymensingh.

Table 17. Yield and yield attributes of summer onion at BINA farm, Mymensingh

	Treatments
	Leafs/plant (no.)
	Bulb diameter (cm)
	Bulb yield (kg ha-1)

	
	BP2/75/2
	BP2/100/2
	BP2/75/2
	BP2/100/2
	BP2/75/2
	BP2/100/2NS*

	T1: Control
	4.05c
	4.60d
	8.85c
	8.75c
	6.14ab
	7.64

	T2: (N80P30K80S24)
	4.35bc
	5.75a
	9.11a
	9.83a
	6.41ab
	8.26

	T3: (N100P45K100S30)
	4.47b
	5.37ab
	9.10a
	9.53ab
	6.63a
	8.26

	T4: (N120P60K120S36)
	4.40bc
	5.00cd
	8.49bc
	8.95bc
	5.34c
	7.88

	T5: (N140P75K140S42)
	4.90a
	5.30bc
	8.90b
	8.63c
	5.89bc
	7.98

	CV (%)
	4.92
	4.48
	4.05
	3.71
	5.25
	-


* = NS (Non-Significant)

Conclusion

Considering statistically identical yield treatment T4 may be considered as optimum dose for Boro rice cultivation at drought prone area. The optimum and economic doses of nutrients may be recommended as N120P24K60S16 kg ha-1 in Boro rice mutants. On the other hand, result revealed that the response of individual element N80-100P30-45K80-100S24-30Zn2B1 kg ha-1 fertilizer may be recommended for obtaining the highest onion yield at BINA Headquarter farm, Mymensingh.

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. Environment is a global concern at present day. Soil fertility management practice of modern intensive high yielding systems are harmful to the environment and as a consequence modern agricultural production is not sustainable. Therefore, the challenge is to develop an environment friendly, agronomically and economically suitable combination of inorganic and organic fertilizers for sustaining soil fertility with higher crop productivity. Field trial of four mutant lines of boro rice was conducted at BINA substation, Chapainawabgonj 2016-17 and on two mutant lines of onion was conducted at BINA farm, Mymensingh during 2017 to determine the amount of fertilizer require for higher crop production. The initial soil nutrient status is given in Table-18. There were six treatments for boro mutant lines viz. T1: Control, T2: (N80P30K80S24), T3: (N100P45K100S30), T4: (N120P60K120S36), T5: (N140P75K140S20), T6: (N160P32K80S24) (Table 16). The treatments and fertilizer doses for onion mutant lines were T1: Control, T2: (N80P16K40S8), T3: (N100P20K50S12), T4: (N120P24K50S16), T5: (N140P28K70S42) (Table 19). The trails were laid out in a Randomized Complete Block Design (RCBD) with three replications.

Table 18: Initial soil characteristics of the experimental sites

	Locations
	pH
	OM (%)
	Total N (%)
	Available P (ppm)
	Available S (ppm)
	Exchangeable K (meq%)

	BINA farm, Mymensingh
	6.7
	1.25
	0.085
	12
	14
	0.12

	Interpretation
	Neutral
	Low
	Very low
	Low
	Low
	Low

	Critical limit
	-
	-
	0.12
	8
	10
	0.12

	
	
	
	
	
	
	

	BINA substation, Chapainawabgonj
	5.0
	1.12
	0.09
	09
	11
	0.11

	Interpretation
	Strongly acidic
	Low
	Very low
	Low
	Low
	Low

	Critical limit
	-
	-
	0.12
	8
	10
	0.12



(a) Evaluation of NERICA boro rice mutant lines for fertilizer requirement at BINA      substation farm, Chapainawabgonj

The yield of boro rice mutant lines affects significantly due to treatments (Table 19). In mutant line N4/250/P-1 (2), the highest grain (5.13 t ha-1) and straw (6.71 t ha-1) yields were obtained from the treatment T5. In mutant line N4/250/P-2 (6), the highest grain (5.83 t ha-1) and straw (7.21 t ha-1) yields were obtained from treatment T6. Regarding mutant line N4/350/P-4 (5), the highest grain (5.78 t ha-1) and straw (6.61 t ha-1) yields were obtained from treatment T4. In case of mutant line N4/250/P-5 (4), the highest grain (5.78 t ha-1) was obtained from treatment T5 and the highest straw (6.79 t ha-1) yields were obtained from the same treatment T6. At all the cases, the lowest yield was found in control treatment.
In drought prone area Boro 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 different treatments and different mutant lines required different fertilizer doses. Considering statistically identical yield and economic analysis treatment T4 may be consider Boro rice yield at drought prone area. The optimum and economic doses of nutrients may be recommended as N120P60K120S36 kg ha-1 in boro rice mutants. 
Table 19: Grain and straw yields (t/ha) of four Boro rice mutant lines at BINA sub-station, Chapainawabgonj 

	Treatments
	N4/250/P-1 (2)
	N4/250/P-2 (6)
	N4/350/P-4 (5)
	N4/250/P-5 (4)

	
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw
	Grain
	Straw

	T1: Control
	1.68c
	2.31b
	1.57c
	2.28e
	1.71c
	2.61c
	2.17c
	3.26c

	T2: (N80P16K40S8)
	3.89b
	5.66a
	3.20b
	4.89d
	3.13bc
	4.00bc
	3.38bc
	5.24b

	T3: (N100P20K50S12)
	4.81ab
	6.23a
	4.62ab
	6.06c
	4.90ab
	5.52ab
	4.34ab
	6.20ab

	T4: (N120P24K50S16)
	4.76ab
	6.67a
	5.06a
	6.38bc
	5.78a
	6.61a
	5.17ab
	6.52ab

	T5: (N140P28K70S20)
	5.13a
	6.71a
	5.81a
	7.05ab
	5.47a
	6.28a
	5.78a
	6.63ab

	T6: (N160P32K80S24)
	5.10a
	6.29a
	5.83a
	7.21a
	5.18a
	6.47a
	5.77a
	6.79a

	CV (%)
	4.01
	4.74
	12.17
	10.27
	5.49
	11.09
	13.13
	9.09

	Blanket dose
	Zn2B1


Means with common letter(s) are not significantly different at 5% level of probability by DMRT

(b) Optimum fertilizer requirement of summer onion mutant lines at BINA farm,      Mymensingh

Results indicated that application of different levels of fertilizers increased yield significantly over absolute control treatment (Table 20). In mutant line BP2/100/2, the highest bulb yield (8.26 t ha-1) was obtained from treatment T2 and T3. The lowest yield was found in control treatment. In mutant line BP2/75/2, the highest bulb yield (6.63 t ha-1) was obtained from treatment T3 and the lowest yield was also found in control treatment. Result revealed that the response of individual element N80-100P30-45K80-100S24-30Zn2B1 kg/ha fertilizer may be recommended for obtained the highest onion yield at BINA farm, Mymensingh.


Table 20: Yield and yield attributes of summer onion at BINA farm, Mymensingh
	Treatments
	Leafs/plant (no.)
	Bulb diameter (cm)
	Bulb yield (t/ha)

	
	BP2/75/2
	BP2/100/2
	BP2/75/2
	BP2/100/2
	BP2/75/2
	BP2/100/2

	T1: Control
	4.05c
	4.60d
	8.85c
	8.75c
	6.14ab
	7.64

	T2: N80P30K80S24
	4.35bc
	5.75a
	9.11a
	9.83a
	6.41ab
	8.26

	T3: N100P45K100S30
	4.47b
	5.37ab
	9.10a
	9.53ab
	6.63a
	8.26

	T4: N120P60K120S36
	4.40bc
	5.00cd
	8.49bc
	8.95bc
	5.34c
	7.88

	T5: N140P75K140S42
	4.90a
	5.30bc
	8.90b
	8.63c
	5.89bc
	7.98

	CV (%)
	4.92
	4.48
	4.05
	3.71
	5.25
	NS


Date of transplanting: 16.03.2017, Date of harvesting: 16.05.2017 
Conclusion

Considering statistically identical yield and economic analysis treatment T4 may be consider boro rice yield at drought prone area. The optimum and economic doses of nutrients may be recommended as N120P60K120S36 kg ha-1 in boro rice mutants. Result revealed that the response of individual element N80-100P30-45K80-100S24-30Zn2B1 kg/ha fertilizer may be recommended for obtained the highest onion yield at BINA farm, Mymensingh.
Soil properties and organic carbon distribution under different land use systems using tracer techniques
Root and litter biomass on carbon dynamics and its effect on other soil properties information are needed to explore in different land use systems. In this regard, impact of root and litter biomass of forest and oil palm areas in different depths of soil (0–5, 5-15, 15-30, 30-60 and 60-90 cm) on organic carbon and its stock, soil available water, bulk density, pH, electrical conductivity was investigated. Maximum root biomass and root organic carbon content were found in 30-60 and 15-30cm depths of oil palm soil, respectively (Fig. 2a&b). The highest dry weight of litter biomass (86.76 g/0.1m2) was found in forest soil (Fig. 1c). Maximum organic matter (6.75%) was observed in forest soil at 0-5cm depth of soil (Fig. 3a). SOC content was decreased with the increase of soil depth in forest. On an average, soil organic carbon stock was significantly higher under oil palm (3.09 t ha-1) than forest (2.28 t ha-1) up to 90cm depth of soil (Fig. 3b). Available water content was greater in surface soil (0-15cm) than subsurface soil due to mechanization of oil palm plantation area (Fig. 3c). Bulk density of forest soils was lower in both of 0-5 and 5-15cm soil depths over oil palm soil and there after it was higher in forest soil than oil palm soil (3d). pH value of forest soil was higher than that of oil palm (Fig. 3e). Decomposition of litter biomass or droppings performed δ13C dilution in surface soil but root system enriched δ13C in subsurface soil (Fig. 4). Based on these results, 13C isotope tracer technique confirmed the performance of forest and oil palm’s root and litter biomass on vertical distribution of organic carbon in soil.

      
    

Fig. 2. Mean root dry weight (a), root organic carbon (b) at different land use with soil depth and fresh, dry weight of biomass of litter and organic carbon content (c) on surface soil
            
Fig. 3. Mean soil organic matter (a), soil carbon stock (b), available water (c), bulk density (d), pH (e) and EC (f) at different land use with soil depth


Fig. 4. Impact of forest conversion by oil palm plantation on δ13C distributions in different land use with soil depth
Table 21. Mean square of soil properties and vegetation in different land uses of Malaysia

	Source of variation
	df
	Organic matter
	Organic carbon in residues
	pH
	EC

	
	
	Forest 
	Palm 
	Forest 
	Palm 
	Forest 
	Palm 
	Forest 
	Palm 

	Soil depth 
	4
	23.05ns
	1.82ns
	98.27ns
	115.7ns
	0.08**
	0.01ns
	0.09*
	0.06ns

	Error
	12
	7.82
	2.84
	79.59
	231.70
	31.41
	79.59
	0.02
	0.04


ns= Non-significant.

Table 21. Contd.

	Source of variation
	df
	Soil water
	Dry root wt.
	Bulk density
	Carbon stock

	Soil depth 
	4
	0.02ns
	2.65**
	0.16**
	4.14ns
	0.13**
	0.05**
	1.11**
	11.52**

	Error
	12
	0.02
	0.06
	0.02
	5.69
	0.01
	0.02
	0.15
	0.14


ns=Non-significant.
Influence of iron plaque on uptake and accumulation of arsenic by rice (Oryza sativa L) grown in soil
Pot experiment was conducted to evaluate the effect of iron plaque on rice yield. Different doses of iron (0, 25, 50 and 100ppm Fe) were used for this experiment. Arsenic (33ppm As) was used in all treatments except control. The treatment combinations were As0Fe0, As33Fe0, As33Fe25, As33Fe50, and As33Fe100. Experiment was laid out in a Complete Randomized Design with three replications. Results revealed that the highest plant height and panicle length (76cm and 22.33cm), filled grain, total grain and total tiller (77.33, 83.33, 19.00), root volume (24.00 cm3/plant), root weight and 100 seed weight (1.86 and 1.83 g/plant) were found in As0Fe0 treated plots, respectively and the second highest plant height, panicle length, filled grain, total grain, total tiller, root volume, root weight and 100 seed weight was observed in As33Fe25 treated plots (Table 22). Maximum non-effective tiller (2.67) was found in As33Fe50 treated plots. The highest grain yield was obtained from As0Fe0 followed by As33Fe25 treatment (Fig. 5). From these results it may be concluded that iron plaque on root with 25ppm Fe is an effective dose to inhibit the accumulation and translocation of arsenic from root to other parts of rice plants.
 

Fig. 5. Effect of iron plaque on rice yield
Table 22. Effect of different doses of iron on yield attributing characters of rice
	Treatment
	Plant height (cm)
	Stem length (cm)
	Panicle length (cm)
	Total tiller (no.)
	Non-effective tiller (no.)

	As0Fe0
	76.00±8.54
	42.33±7.37
	22.33±0.58
	19.00±1.00
	0.67±1.16

	As33Fe0
	65.00±2.65
	39.83±0.29
	19.17±1.04
	7.33±1.53
	2.00±1.00

	As33Fe25
	69.50±1.80
	33.67±3.79
	20.47±0.58
	11.00±1.00
	0.33±0.58

	As33Fe50
	44.67±2.00
	24.00±4.93
	13.33±2.08
	6.33±0.58
	2.67±3.79

	As33Fe100
	62.50±4.16
	37.00±1.73
	18.73±1.27
	9.67±1.53
	0.00±0.00

	
	
	
	
	
	

	LSD0.05
	NS
	NS
	NS
	6.46
	-


NS = Non-significant.
Table 22. Contd.
	Treatment
	Total grain (no.)
	Filled grain (no.)
	Root volume (cm3/plant)
	Root weight (g/plant)
	100 seed weight (g)

	As0Fe0
	83.33±12.09
	77.33±11.06
	24.00±3.61
	1.86±0.49
	1.83±0.04

	As33Fe0
	59.67±8.14
	36.67±14.36
	8.00±1.00
	0.85±0.14
	1.44±0.28

	As33Fe25
	64.33±4.62
	53.33±6.11
	13.33±4.16
	1.30±0.47
	1.57±0.06

	As33Fe50
	42.00±4.00
	34.00±3.05
	13.33±3.05
	1.39±0.42
	1.10±0.05

	As33Fe100
	54.00±11.27
	40.00±12.12
	12.67±3.06
	1.31±0.25
	1.64±0.09

	LSD0.05
	NS
	26.36
	6.99
	NS
	NS


NS = Non-significant.



Reduction of chemical fertilizer in crop production using organic manures
Field experiment was conducted to reduce the chemical fertilizer with the integrated use of organic manures in T. Aman-Boro rice cropping sequence at BINA Headquarters farm, Mymensingh during 2016-17. Five treatments were used for T. Aman rice (Binadhan 17) which were as follows: T1: Absolute control (no fertilizers), T2: 100% N from Chemical Fertilizer (CF), T3:70% N from CF, T4: 30% N from Sesbania green manure + 70% N from CF and T5:30% N from Giant mimosa green manure + 70% N from CF. But six treatments were used in Boro rice (var. Binadhan 10). Those were: T1: Absolute control (no fertilizers), T2: 100% N from Chemical Fertilizer (CF), T3:75% N from CF, T4: 25% N from Giant mimosa brown manure + 75% N from CF, T5: 25% N from Vermicompost-1+ 75% N from CF and T6: 100% PKS. The experiments were conducted in a Randomized Complete Block Design with three replications for each treatment. The experimental soil was silt loam having 6.8 pH, 1.1% organic carbon, 0.12% total N, 14 µgg-1 available P, 0.145 meq% exchangeable K and 15 µgg-1 available S. T. Aman rice (var. Binadhan-17) was transplanted on August 2016 and harvested on 07 October 2016 where as Boro rice (Binadhan-10) was transplanted on 01 January 2017 and harvested on 02 May 2017. Fertilizer rates were applied in both the crops on the basis of soil analysis. In case of manure treatments, IPNS was followed. Nutrient contents of different organic manures have been given in Table 23. All manures were applied at 15 days before of transplanting of both the rice crops except vermicompost. Vermicompost and all inorganic fertilizers (TSP, MOP and gypsum) were applied during final land preparation except urea. Urea was applied in three equal splits. Fertilizer and manures rates have been given in Table 24.
All the yields and yield contributing characters of T. Aman rice were significantly affected with the different treatments except panicle length, filled grains panicle-1 and unfilled grains panicle-1 (Table 25). The treatment T5 gave maximum grain yield (4.44 t ha-1) followed by the treatment T4 (4.34 t ha-1). But the treatment T5, T4, T3 and T2 gave identical grain yields of T. Aman rice. Similar results were observed in case of straw yields of T. Aman rice. The treatment T1 (Absolute control) gave significantly minimum grain yield of T. Aman rice. The result indicated that 70% N from chemical fertilizer with 30% N from either giant mimosa or sesbania green manures gave comparable yield to the sole application of 100% N from chemical fertilizer alone.
The different treatments significantly influenced yields and yield contributing characters of Boro rice (Binadhan-10), except panicle lengths and the results have been presented in the Table 26. The treatment T2 (100% CF) gave the highest grain yield (5.41 t ha-1) of Boro rice followed by the treatment T5, T4 and T3. But they gave statistically identical grain yield of boro rice. The absolute control treatment T1 gave the lowest yield of boro rice. Similar trends were also observed in case of straw yields. 
Conclusion
The result indicated that 75%N from chemical fertilizer with 25% N from either giant mimosa brown manure or vermicompsost-1 gave statistically similar grain yield of Boro rice (Binadhan-17). However, further evaluation is needed to make final conclusion. 
Table 23. Nutrient contents in different manures
	Name of manures
	%N
	%P
	%K
	%S

	Sesbania green manure
	1.75
	0.3
	0.45
	0.25

	Giant mimosa green manure
	3.5
	0.4
	1.3
	0.30

	Giant mimosa brown manures
	3.2
	0.4
	1.5
	0.3

	Vermicompost-1
	1.1
	0.5
	1.0
	0.4


 
Table 24. Full rates (100%) of nutrients and 30% (for T. Aman) or 25% (for Boro rice) N equivalent manures  for T. Aman rice and Boro rice.
	
	Nutrients (kg ha-1)
	Manures (t ha-1)*

	Crops
	N
	P
	K
	S
	30% N equivalent Sesbania green manure
	30% N equivalent giant mimosa green manure
	25% N equivalent giant mimosa brown manure
	25% N equivalent vermicompost-1

	T. Aman rice
	77
	9
	24
	9
	1.320 
	1.283
	-
	-

	Boro rice
	134
	14
	68
	13
	-
	-
	2.015
	3.022


* Oven dry weight basis
Table 25. Yield and yield contributing characters of T. Aman rice (Binadhan-17) as affected by different treatments

	
Treatments
	Grain yield (tha-1)
	Straw yield (tha-1)
	Plant height (cm)
	Panicle length (cm)
	Effective tiller hill-1 (no.)
	Filled grain panicle-1 (no.)
	unfilled grain panicle-1 (no.)

	T1
	2.49b
	4.30b
	97.5b
	21.8
	5.8b
	182.4
	115.3

	T2
	4.40a
	5.57a
	110.3a
	23.8
	9.4a
	221.1
	87.0

	T3
	3.84a
	5.57a
	107.0a
	22.4
	8.2a
	210.7
	111.9

	T4
	4.34a
	5.33a
	107.3a
	23.4
	9.3a
	217.0
	138.2

	T5
	4.44a
	5.93a
	110.7a
	23.7
	9.3a
	227.1
	132.3

	%CV
	12.08
	6.79
	8.05
	NS
	11.01
	NS
	NS


In a column, figures having common letter(s) do not differ significantly at 5% level of probability.


Table 26. Yield and yield contributing characters of Boro rice (Binadhan-10) as affected by different treatments
	
Treatments
	Grain yield (tha-1)
	Straw yield (tha-1)
	Plant height (cm)
	Panicle length (cm)
	Effective tiller hill-1 (no.)
	Filled grain panicle-1 (no.)
	unfilled grain panicle-1
(no.)

	T1
	3.72c
	4.69b
	76.7
	19.2
	7.73b
	110.0c
	30.0c

	T2
	5.41a
	6.82a
	85.5c
	21.1
	11.07a
	163.7a
	43.1a

	T3
	4.86ab
	6.17a
	87.0b
	19.9
	10.60a
	148.3b
	39.9ab

	T4
	5.33a
	6.55a
	90.7ab
	21.1
	11.47a
	160.0ab
	40.5a

	T5
	5.24a
	6.55a
	86.9a
	20.7
	10.93a
	162.3a
	34.8abc

	T6
	4.05bc
	5.00b
	78.9ab
	19.5
	9.63ab
	121.0c
	31.0bc

	CV(%)
	9.4
	8.93
	5.96c
	NS
	10.37
	4.86
	13.09


In a column, figures having common letter(s) do not differ significantly at 5% level of probability.
Evaluation of Kasalat rice mutants under phosphorus deficit condition
A hydroponic experiment was conducted in glasshouse to select phosphorus efficient kasalat rice mutant under phosphorus deficit condition in Aman season 2017. Two Kasalat mutants (Kas-60 and Kas 80) with two cultivars as check (Bindhan 17 and Kasalat local) were evaluated against five levels of P (0, 5, 15, 25 and 35 mg P kg-1 sand) in a RCB factorial design. River borne sand was used as supporting medium. Sand was washed sufficiently with clean water to remove the dissolve clay. Three kilogram washed sand (Oven dry basis) was taken in each plastic pot. Seedlings of rice were raised in sand bed with nutrient solution except P. Fifteen day old rice seedlings were transplanted @ two seedlings in a hill pot-1.  Phosphorus was supplied from KH2PO4 in solution form as treatment plan before the transplanting of rice seedlings in the pots. Both of macro (without P) and micro nutrients solution was applied according to the protocol of IAEA during the whole growing period of rice. Different agronomic parameters were recorded. Data were transformed in log value in appropriate cases (grain yield) before performing of statistical analysis.
Table 27 and 28 shows the effect of different levels of P on grain and straw yields of mutants and cultivars (check). As regard to mutants/cultivars, Binadhan-17 (check) gave significantly highest grain yield (14.5 g grain yield pot-1) followed by the mutant Kas-80 (14.4 g grain yield pot-1). But two mutants (Kas-60 and Kas-80) and one check (Bindhan-17) gave statistically similar grain yields. Kasalat local gave significantly lowest grain yield (7.5 g grain yield pot-t) as regard to mutants/cultivars. Irrespective of mutants/checks, the treatment 35 mg P kg-1 sand gave significantly maximum grain yield (17.3 g grain yield pot-1) followed by the treatment 25 mg P kg-1 sand (2.8 mg grain yield pot-1) and the lowest grain yield was recorded in P minus condition (2.8 g grain pot-1). Interaction between mutants/cultivars and P levels significantly affected the grain yields. The mutant Kas-60 gave the highest grain yield (22.3 g grain yield pot-1) with 35 mg P kg-1sand followed by Kas-80 (22.0 g grain yield pot-1) in the same rate of phosphorus. But the mutant Kas- 80 gave better response in lower P rates (5 or 15 mg P kg-1 sand) than the mutant Kas-60 which was also followed by Binadhan-17 and Kasalat local. In general all the tested mutants gave maximum grain yield with increasing rates of P and yields were always higher than Kaslat local rice except in P minus condition (P control). None of the mutants (Kas 60 and Kas 80) produce any grain in P minus condition (P control). But both the checks produced some grains without P treatment due to some background P prevailed in the system and might be contaminated from the supplied water. So, the results clearly indicated that both the mutants had higher P requirement for formation of grain than both the checks (Binadhan-17 and Kasalat local).
Straw yields of different mutants/cultivars significantly influenced the different levels of P. Irrespective of P levels, Kas-80 gave the highest straw yield (20.8 g pot-1) followed by Kas -60 (20.4 g straw yield pot-1). Binadhan-17 (18.0 g straw yield pot-1) and Kasalat local (16.8 g straw yield pot-1) gave significantly lowest straw yield than both the mutants.  All the P levels significantly influenced the straw yield of mutants/cultivar. The treatment 35 mg P kg-1 sand gave maximum straw yield (24.7 g straw yield pot-1) followed by the treatment 25 mg P kg-1 sand (21.8 g straw yield pot-1). With the interaction between mutants/cultivar and P levels, the mutant Kas-80 gave the highest straw yield (28.4 straw yield g pot-1) in the treatment 35 mg P kg-1 sand followed by the mutant Kas- 60 in the same rate of phosphorus. All the mutants/cultivars showed significantly the lowest straw yield in P minus condition (P control). 
Conclusion
The results revealed that the mutant Kas-80 have some P efficiency in lower rates of P than the mutant Kas-60. But both mutants had higher requirement of P to attain in maximum grain yield in hydroponic culture than check cultivars (Bindhan-17 and kasalat local). However, field evaluation is needed for further conclusion.  


Table 27. Effect of different phosphorus levels on grain yield (g pot-1) of Kasalat mutants and cultivars in hydropnic condition
	Phosphorus levels (mg P kg-1 sand)

	Mutants/cultivars (yield g pot-1)
	Mean


	
	Mut.
 Kas-60
	Mut. Kas-80
	Binadhan-17
(Check)
	Kasalat local
(Check)
	

	0
	0.0j
	0.0j
	6.7hi
	4.5i
	2.8d

	5
	10.8fg
	13.9def
	14.4ef
	6.5hi
	11.4c

	15
	15.5cde
	17.4bcd
	16.0de
	9.8gi
	14.7b

	25
	20.7ab
	18.9abc
	18.4bcd
	8.8gi
	16.7a

	35
	22.3a
	22.0a
	17.0cde
	7.9hi
	17.3a

	Mean
	13.9a
	14.4a
	14.5a
	7.5b
	


 CV(%)=7.24, 
Table 28. Effect of different phosphorus levels on straw yield of Kasalat mutants and cultivars in hydroponic condition
	P level (mg kg-1 sand)

	Mutants/cultivar (yield g pot-1)
	Mean


	
	Mut.
 Kas-60
	Mut. Kas-80
	Binadhan-17
(Check)
	Kasalat local
(Check)
	

	0
	5.8i
	8.1i
	9.6hi
	13.3gi
	9.2d

	5
	20.3c-e
	19.6c-e
	17.9e-g
	14.1f-h
	18.0c

	15
	23.9a-d
	23.7a-d
	19.0c-f
	18.4d-g
	21.2b

	25
	24.7a-c
	24.1a-d
	20.9c-e
	17.6e-g
	21.8b

	35
	27.6ab
	28.4a
	22.6b-e
	20.4c-e
	24.7a

	Mean
	20.4a
	20.8a
	18.0b
	16.8b
	


 CV(%)=10.99
Direct and residual effects of Zn and B fertilization on Wheat - Mungbean- T.Aman cropping pattern.
Three field experiments were conducted during 2016-2017 with an objective to evaluate the direct and residual effect of Zn and B on Wheat-Mungbean-T.aman rice cropping sequence at BINA substations, Rangpur and Magura. The experiments were designed with seven treatments laid out in a randomized complete block design with three replications. The treatments were as follows:

	T1 = NPKS (control)
T2 = B1
T3 = Zn1
T4 = B1Zn1
	T5 =  B1Zn2
T6  = B1Zn4
T7 = B1Zn6


	
	


The doses of nutrient elements for wheat crop were 120 Kg N ha-1, 30 Kg P ha-1, 60 kg K ha-1, 15 Kg S ha-1, for Mungbean were 22 Kg N ha-1, 30 Kg P ha-1, 42 kg K ha-1, 21 Kg S ha-1 and for T.aman were 90 Kg N ha-1, 10 Kg P ha-1, 35 kg K ha-1, 12 Kg S ha-1 . The nutrient Zn was supplied from zinc oxide and B from borax. 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, and on wheat the second split after 4 weeks of sowing and the remaining after 7 weeks of sowing wheat seed. The total amounts of cowdung and poultry manure were applied in soil for both crops (rice and wheat) at 15 days before planting.

The unit plot size was 4m x 3m. In rice crop, 2-3 nos. 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 T.Aman all the unit plots were kept as it was brought under wheat 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 and B contents. 

In case of first crop wheat, at Rangpur the grain yield was responded significantly to the added Zn and B (Table 29). The highest grain yield of 4.13 t ha-1, recorded with treatment T6 which was statistically identical to T7 (3.97 t ha-1) and the lowest yield (3.21 t ha-1) noted with control treatment. In producing grain yield, the treatments may be ranked in order of T6>T7 > T5 > T4 > T3 > T2 > T1. In case of individual effect of Zn, and B the B missing plot (treatment T3) recorded lower grain yield compared to Zn missing plot (treatments T2). The highest plant height, Spike length and Grain spike-1 92.8 cm 11.7 cm and 40.3 were recorded from T6 treatment and the lowest 83.1 cm, 10.2cm and 30.7, from control treatment, respectively. Tillers hill-1 and straw yield did not show any significant variations within the treatments although the highest value obtained from T6 treatment and the lowest from control.

At Magura, the grain and straw yield were responded significantly to the added Zn and B (Table 29). The highest grain and straw yield of 4.5 and 7.4 t ha-1, recorded from the treatment T6 which was statistically identical to T7 (4.2 t ha-1) T5 (4.4 t ha-1) and T4 (3.9 t ha-1) for grain and  T7 (6.7 t ha-1) T5 (6.7 t ha-1) and T4 (6.4 t ha-1) for straw yield, respectively. The lowest grain and straw yield 3.1 and 6.0 t ha-1 noted from control treatment. In producing grain and straw yield, the treatments may be ranked in order of T6>T7 > T5 > T4 > T3 >  T2  > T1  for grain yield and T6>T7 > T5 > T4 > T2 >  T3  > T1 . In case of individual effect of Zn, and B the B missing plot (treatment T3) recorded lower grain yield compared to Zn missing plot (treatments T2). The highest plant height, Spike length and Grain spike-1 92.8 cm 11.7 cm and 40.3 were recorded from T6 treatment and the lowest 83.1 cm, 10.2cm and 30.7, from control treatment, respectively. Tillers hill-1 and straw yield did not show any significant variations within the treatments although the highest value obtained from T6 treatment and the lowest from control.
In case of Mungbean, the grain yield, plant height, branch plant-1 Pod plant-1 pod length, seed plant-1and 1000 grain weight of mungbean were significantly influence due to application of Zn and B (Table 31). The highest grain yield (1.6 tha -1) was recorded in treatment T6 and the lowest grain yield was (1.3 tha-1) recorded in T1 treatment, which received only basal nutrients. The highest number of plant height (60.5 cm), branch plant-1(1.2) Pod plant-1 (18.3) pod length (9.1 cm), seed plant-1(12.1) and 1000 grain (41.8 g) was also recorded with T6 treatment and the lowest from T1 (NPKS) treatment. 

In third crop T. Aman, the grain and straw yields were also responded significantly to the added Zn and B (Table 31). The highest grain yield of 5.67 tha-1, recorded with treatment T6 which was statistically identical to T6 and the lowest yield 4.77 tha-1 noted with control treatment. In producing grain yield, the treatments may be ranked in order of T6> T7 >T5 > T4 > T3 > T2  > T1. The highest plant height and tillers hill-1 103.9 cm and 10.87 were recorded with T6 treatment and the lowest 96.3 cm and 8.5, respectively were in the control treatment.

Table 29: Effect of Zn and B on yield and yield contributing parameters of wheat at Rangpur and Magura.

Rangpur:
	Treatments
	Plant height (cm)
	Spike length (cm)
	Tillers/hill
	Grain/spike
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)

	N100P25K75S13 (control)
	83.1c
	10.2b
	7.7
	30.7d
	3.21d
	5.4

	B1
	86.5bc
	10.8ab
	8.0
	33.4cd
	3.46cd
	5.6

	Zn1
	87.8abc
	11.1ab
	8.2
	35.1bc
	3.67bc
	5.5

	B1Zn1
	88.4abc
	11.3ab
	8.3
	37.4ab
	3.82abc
	5.4

	B1Zn2
	90.8ab
	11.5ab
	8.3
	37.9ab
	3.89abc
	5.4

	B2Zn4
	92.8a
	11.7a
	9.4
	40.3a
	4.13a
	5.7

	B2Zn6
	91.2ab
	11.7a
	8.7
	38.5ab
	3.97ab
	5.1

	CV (%)
	2.3
	6.5
	17.4
	3.64
	4.18
	13.48

	SE (±)
	1.66
	0.38
	0.48
	1.07
	0.13
	0.5



Magura:
	Treatments
	Plant height (cm)
	Spike length (cm)
	Tillers/hill
	Grain/spike
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)

	N100P25K75S13 (control)
	93.7e
	11.2b
	7.9b
	32.8c
	3.1c
	6.0b

	B1
	94.2de
	11.9a
	8.3b
	34.0c
	3.5bc
	6.3b

	Zn1
	94.7cde
	11.8a
	8.8ab
	34.8bc
	3.6bc
	6.1b

	B1Zn1
	95.6bcd
	11.7ab
	9.7ab
	35.9abc
	3.9ab
	6.4ab

	B1Zn2
	96.3abc
	11.9a
	9.3ab
	37.4abc
	4.1ab
	6.7ab

	B2Zn4
	97.8a
	12.1a
	11.0a
	40.1a
	4.5a
	7.4a

	7. B2Zn6
	97.2ab
	11.9a
	10.1ab
	39.6ab
	4.2ab
	6.7ab

	CV (%)
	5.66
	1.63
	9.56
	4.77
	7.42
	5.33

	SE (±)
	0.52
	0.16
	0.73
	1.42
	0.23
	0.28



Table 30: Effect of Zn and B on yield and yield contributing parameters of Mungbean
  
	Treatments
	Plant height (cm)
	Branch plant-1
	Pod plant-1
	Pod length (cm)
	Seed plant-1
	1000-seed wt. (g)
	Grain Yield (t ha-1)

	Control (N22P30K42S21)
	48.2d
	0.6e
	14.2d
	8.3c
	10.7c
	38.1c
	1.3d

	B1
	51.2cd
	0.7de
	16.3c
	8.4bc
	11.1bc
	39.4bc
	1.4cd

	Zn1
	53.5bc
	0.8cd
	16.9bc
	8.7abc
	11.2bc
	39.8b
	1.5bc

	B1Zn1
	55.3bc
	0.9cd
	17.0bc
	8.7abc
	11.2bc
	40.5ab
	1.4bc

	B1Zn2
	55.5abc
	0.9bc
	17.3abc
	8.9ab
	11.4b
	40.1b
	1.55ab

	B1Zn4
	58.1ab
	1.2a
	18.3a
	9.1a
	12.1a
	41.8a
	1.6a

	B1Zn6
	60.5a
	1.0a
	17.5ab
	8.6abc
	11.3bc
	40.2b
	1.5abc

	CV (%)
	5.1
	9.8
	4.9
	4.7
	4.7
	4.1
	5.7

	SE(±)
	1.6
	0.05
	0.38
	0.18
	0.18
	0.47
	0.05




Table 31: Effect of Zn and B on yield and yield contributing parameters of T. aman rice.

	Treatments
	Plant height (cm)
	Panicle length (cm)
	Tiller
hill-1
	Grain panicle -1
	1000 seed wt (g)
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)

	Control (N90P10K35S12)
	96.27d
	23.30b
	8.47c
	125.6e
	21.28c
	4.77c
	6.60d

	B1
	97.07cd
	23.50ab
	8.87c
	133.60cd
	21.98bc
	5.10bc
	7.13c

	Zn1
	98.20bc
	23.90ab
	9.13bc
	133.33cd
	22.30ab
	5.13bc
	7.23bc

	B1Zn1
	99.20b
	23.60ab
	9.27bc
	136.80bc
	22.52ab
	5.17bc
	7.37abc

	B1Zn2
	99.80b
	24.03ab
	10.40ab
	138.4b
	22.42ab
	5.20bc
	7.50ab

	B1Zn4
	103.87a
	24.40a
	10.87a
	140.2a
	22.93a
	5.67a
	7.60a

	B1Zn6
	96.47d
	23.13b
	9.40bc
	132.20d
	22.75ab
	5.27ab
	7.27abc

	CV (%)
	4.84
	5.39
	8.1
	5.7
	4.11
	4.81
	5.79

	SE(±)
	0.48
	0.33
	0.44
	1.38
	0.27
	0.14
	0.12


Biofortification of zinc in grains of wheat varieties by fertilizer management
The experiment was conducted at the Soil Science Field Laboratory of Bangladesh Agricultural University (BAU) farm, Mymensingh during November 2016 to March 2017. It was a medium high land of Sonatala silt loam. General characteristics of the soil are presented in Table 32.

Table 32. Morphological, physical and chemical characteristics of the soil 

A. Morphological characteristics
	AEZ
General Soil type
Parent material
Drainage
Topography
Flood level
	:         Old Brahmaputra Floodplain (AEZ 9)
:         Non-calcareous Dark Grey Floodplain Soils
:         Brahmaputra river borne deposits
:         Moderate
:         Medium high land
:         Above flood level



B. Physical characteristics
	% Sand
% Silt
% Clay
Textural class
	:                             20
:                             64
:                             16
:                         Silt loam



C. Initial soil analytical results and fertility class of experimental site
	pH
	OM
(%)
	Total N (%)
	Exch. K
(meq%)
	Available status (mg kg-1)

	
	
	
	
	P
	S
	Zn
	Fe
	B

	6.73
	3.23
	0.179
	0.196
	7.35
	11.7
	0.780
	55.4
	0.240


OM- Organic Matter, N-Neutral, M-Medium, L- Low, VL- Very Low, VH – Very High

Two wheat varieties were used in this study. The varieties were BARI Gom-25 and BARI Gom-26. The land was prepared in the last week of November 2016. The land was prepared by repeated ploughing by power tiller and country plough. Weeds and stubbles of the previous crop were collected and removed from the field. After leveling, the experimental plots were laid out as per treatments and design.

The experiment was laid out in a split plot design. There were five Zn treatments and two wheat varieties, each replicated three times. The zinc treatments were distributed to the sub-plots and wheat varieties to the main plots. Thus, the number of plots was 523 = 30. The unit plot size was 5m  2.5m. The plots were separated from each other by 0.5 m bunds, the block-to-block distance being 1m.





Treatments 
The experiment consisted of two wheat varieties and five zinc rates as follows:
(A) Wheat variety
V1 : BARI Gom-25
V2: BARI Gom-26
(B) Zinc rates 
T1: Zn0 (Zinc control)
T2: Zn1.5(Zinc @ 1.5 kg ha-1)
T3: Zn3.0 (Zinc @ 3.0 kg ha-1)
T4: Zn4.5 (Zinc @ 4.5 kg ha-1)
T5: Zn6.0  (Zinc @ 6.0 kg ha-1)

Fertilizers were applied to each plot as per treatments. Fertilizers such as urea, TSP, MoP, gypsum, zinc sulphate and boric acid were used as sources for N, P, K, S, Zn and B, respectively. Nitrogen was applied @ 120 kg ha-1 from urea, P @ 30 kg ha-1 from TSP, K @ 60 kg ha-1 from MoP, S @ 10 kg ha-1 from gypsum and B @ 1.5 kg ha-1 from boric acid. The one-third dose of urea and the full dose of all other fertilizers were applied as basal to the individual plots during final land preparation. The second split of urea was applied after 25 days of sowing and the third split was after 55 days. Zinc sulphate as a source of zinc was applied to the respective plots and mixed with soil prior to sowing. 

Wheat seeds were sown in the field on 03 December 2016 at the rate of 125 kg ha-1. Seeds were sown continuously in 20 cm apart lines. After sowing, the seeds were covered by soil. 

Top dressing of urea was done as per schedule and the normal cultural practices including weeding and insecticide spray were done as and when required. The plots were irrigated twice, the first irrigation done after 25 DAS and the second irrigation done after 55 DAS. Weeding was done two times during the growth period, the first weeding after 21 DAS and the second weeding after 50 DAS. The field was attacked by rodent at later stage of crop growth which was successfully controlled by using Fostoxin tablet (zinc phosphate bait). 

The crop was harvested at maturity on 17 March 2016. The harvested crop from each plot was bundled separately and brought to the threshing floor. The crops were threshed, cleaned and processed. Then, sundry weight of both grain and straw was recorded for every plot and the weight in g plot-1 was converted to kg ha-1.

The yield data included grain and straw yields, and the growth and yield components included plant height, number of tillers m-2, spike length, number of spikelets spike-1, number of grains spike-1, and 1000-grain weight. Yield contributing characters were recorded from 10 randomly selected plants from each plot. Grain yield was recorded from the whole plot technique on 12% moisture basis.
 
The collected initial fresh soil air-dried passed through a 2 mm sieve. The grain samples were dried in an oven at 65°C for about 48 hours and then ground by mottle pestle. The ground plant materials (grain) were stored in paper bags in a desiccators and digested with nitric-perchloric acid. The grain samples were analyzed for determination of N, Zn and Fe concentrations. Soil pH was determined by glass electrode pH meter (1:2.5 soil-water ratio), Particle-size distribution (%) was analyzed using the hydrometer method (Gee and Bauder, 1986), organic matter by wet oxidation method (Nelson and Sommers 1982), nitrogen concentration was determined by Kjeldahl method (Page et al., 1982), the available P determined by Olsen method (Olsen et al., 1954), available S was extracted from soil sample by concentration by CaCl2 (0.15%) solution (Page et al., 1982), exchangeable K was determined by extraction with 1M NH4OAc at pH 7 solution, measured by flame photometer (Page et al., 1982), available B in soil was determined by the method described by Hunter (1984) and available Zn content in soil was determined by DPTA extraction method (Hunter, 1984), measurement by flame-AAS (PERKIN ELMER 2380). The data collected on different parameters were statistically analyzed to obtain the level of significance using MSTAT-C (Russel, 1986) and the mean values were separated by Duncan’s Multiple Range Test (DMRT) (Gomez and Gomez, 1984).

Results 
There was no significant effect of zinc treatments on the plant height of wheat (Table 33). The crop varieties (BARI Gom-25 and BARI Gom-26) did not differ significantly based on this parameter (Table 34). Interaction effect of zinc treatments and wheat varieties on plant height was not significant as well (Table 35).  However, the highest plant height (95.6 cm) was recorded for Zn @ 3.0 kg ha-1 and the lowest plant height (92.5 cm) for Zn @ 4.5 kg ha-1. Between the varieties tested, BARI Gom-25 produced taller plant (96.0 cm).

The number of tillers plant-1 was significantly influenced by the Zn treatments. It was observed that the treatment having Zn at 3.0 kg ha-1 (Zn3.0) recorded the maximum number of tillers plant-1 (2.37) that was statistically similar with Zn4.5 (4.5 kg Zn ha-1) treatment.  The lowest number of tillers plant-1 (1.65) was found in control treatment (Table33). There was no significant variation tillers plant-1 between two varieties. Furthermore, interaction effect of wheat varieties and zinc treatments on tillering was not significant (Table 35). So, it appears that zinc deficiency affected tillering of wheat and the varieties used had similar tillering behavior. 

Zinc application had a significant positive effect on the number of spikes m-2 of wheat. Application of Zn at 3.0 kg ha-1 resulted in 403 spikes m-2 against 292 spikes m-2 in Zn control. The number of spikes m-2 was not affected by variety and its interaction with Zn.

Spike length of wheat responded significantly to zinc application (Table 33). Spike length ranged from 9.10 to 9.89 cm over the Zn treatments. The crop varieties did not vary significantly on this plant parameter, although BARI Gom-26 had longer spikes compared to BARI Gom-25. Again, interaction effect of wheat variety and Zn treatment on spike length was not significant (Table 35).
   
The number of spikelets spike-1 varied significantly with different Zn treatments (Fig 6.1). The maximum number of spikelets spike-1 (18.0) was observed in Zn3.0treatment (3.0 kg Zn ha-1) and the minimum result (16.6) in control treatment (Zn0). Concerning varieties, spikelets spike-1 were significantly higher in BARI Gom-26 (19.1) than that in BARI Gom-25 (16.4). Interaction effect of wheat varieties and Zn treatments with respect to this plant character was not significant (Table 35). 

The Zn treatments resulted in a significant improvement in the number of grains spike-1 (Table 33). Among the treatments, Zn3.0 (3.0 kg Zn ha-1) demonstrated the highest number of grains spike-1 and similar performances were observed in Zn4.5 (4.5 kg Zn ha-1). The Zn treated plots produced significantly higher number of grains spike-1 compared to control. Such result, thus, indicates that decrease of grain production in wheat occurs due to Zn deficiency and it is possible to overcome the problem by Zn application to soil. In case of varieties, the number of grains spike-1 were significantly higher in V2 (BARI Gom-26) and lower in V1 (BARI Gom-25). There was no significant interaction between wheat variety and zinc rate on the number of grains spike-1 (Table 35).
 
There was no significant effect of Zn application on 1000-grain weight of wheat. The 1000-grain weight varied within a narrow range (39.1-41.2g) over the treatments (Table 33), but it significantly varied between the varieties showing that grains were not equally developed for the varieties. Thousand grain weight of BARI Gom-25 was 45.1 g and that of BARI Gom-26 was 34.4 g. It was noted that BARI Gom-26 produced the highest number of grains  spike-1 (Table 34) and the same variety did not produce the heavier grain (Table 34) showing an adjustment between the two parameters. The interaction of zinc with variety on this yield component was not significant (Table 35). 

Table 33. Growth and yield contributing characters of wheat as influenced by Zn rates 
	Zinc rate
	Plant height (cm)
	Tillers plant-1  (no.)
	Spikes m-2
(no.)
	Spike length (cm)
	Spikelets spike-1 (no.)
	Grains spike-1 (no.)
	1000-grain weight (g)

	Zn0
	93.8
	1.65c
	292b
	9.10c
	16.6c
	42.5c
	39.1

	Zn1.5
	93.6
	2.02b
	346ab
	9.27bc
	17.7b
	48.7b
	39.0

	Zn3.0
	95.6
	2.37a
	403a
	9.89a
	18.5a
	52.1a
	39.3

	Zn4.5
	92.5
	2.10ab
	350ab
	9.62ab
	18.0ab
	50.0ab
	40.7

	Zn6.0
	95.3
	2.02bc
	349ab
	9.56ab
	17.9ab
	49.0b
	41.2

	CV (%)
	2.95
	13.1
	14.4
	3.43
	3.76
	4.60
	8.26

	Level of  significance
	NS
	**
	*
	**
	**
	**
	NS


In a column, the values having same letter do not differ significantly at 5% level by DMRT.
	Zn0= Control 
Zn1.5 = Zinc @ 1.5 kg ha-1
Zn3.0 = Zinc @ 3.0 kg ha-1
Zn4.5 = Zinc @ 4.5 kg ha-1
Zn6.0 = Zinc @ 6.0 kg ha-1
	**= 1% level of significance  
   *= 5% level of significance  
NS = Not significant  
CV = Co-efficient of variation 


Table 34 Growth and yield contributing characters of wheat as influenced by varieties
	Variety
	Plant height (cm)
	Tillers plant-1  (no.)
	Spikes m-2
(no.)
	Spike length (cm)
	Spikelets spike-1 (no.)
	Grains spike-1  (no.)
	1000-grain wt. (g)

	V1
	96.0
	2.00
	342
	9.60
	16.4b
	43.8b
	45.1a

	V2
	92.3
	2.06
	354
	9.38
	19.1a
	53.1a
	34.4b

	CV (%)
	5.52
	2.70
	4.98
	3.17
	2.80
	0.90
	6.41

	Level of significance
	NS
	NS
	NS
	NS
	*
	**
	**


In a column, the values having same letter do not differ significantly at 5% level by DMRT.
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Table 35. Growth and yield contributing characters of wheat as influenced by variety × Zn interaction 
	Zinc rate
	Plant height (cm)
	Tillers plant-1 (no.)
	Spike length (cm)
	Spikes m-2 (no.)
	Spikelets spike-1 (no.)
	Grains spike-1 (no.)
	1000-grain weight (g)

	
	V1
	V2
	V1
	V2
	V1
	V2
	V1
	V2
	V1
	V2
	V1
	V2
	V1
	V2

	Zn0
	96.2
	91.5
	1.63
	1.67
	9.22
	8.98
	284
	300
	15.3
	18.0
	37.5
	47.6
	46.3
	32.0

	Zn1.5
	95.6
	91.6
	1.97
	2.07
	9.47
	9.07
	340
	353
	16.4
	18.9
	44.0
	53.5
	43.8
	33.8

	Zn3.0
	96.7
	94.5
	2.27
	2.47
	9.92
	9.87
	397
	410
	17.0
	20.1
	47.1
	57.1
	44.5
	34.0

	Zn4.5
	94.5
	90.5
	2.13
	2.07
	9.70
	9.55
	346
	354
	16.4
	19.5
	44.7
	54.8
	45.0
	36.3

	Zn6.0
	97.0
	93.5
	2.00
	2.03
	9.68
	9.43
	344
	355
	16.7
	19.2
	45.6
	52.4
	46.7
	35.7

	CV (%)
	2.95
	13.1
	3.43
	14.4
	3.76
	9.91
	8.28

	Level of significance
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	
	




Grain yield

The grain yield of wheat was significantly influenced by Zn application (Table 36). Comparing the performances of five rates of Zn application, the three rates Zn3.0, Zn4.5 and Zn6.0were equally effective in correcting Zn deficiency and producing grain yield. The highest grain yield (3.90 t ha-1) was obtained from treatment Zn3.0 (3.0 kg Zn ha-1) which was significant over all other treatments except Zn4.5 and Zn6.0 (Fig. 6.1). The Zn control treatment (Zn0) produced the lowest grain yield that was statistically similar with Zn1.5 treatment (1.5 kg Zn ha-1). The grain yield varied from 2.99 to 3.90 t ha-1 due to different rates of Zn application. Concerning varietal effect, the crop varieties did not vary significantly based on this parameter (Table 37). However, numerically the higher grain yield was obtained from V2variety (BARI Gom-26) and lower from V1variety (BARI Gom-25). There was no significant interaction between variety and zinc on the grain yield of wheat (Table 38, Fig. 6.1). 


















Fig. 6.1 Effects of different rates of Zn application on the grain yield of wheat

Straw yield
The straw yield of wheat did not increase significantly due to Zn application to soil (Table 36). The straw yield across the treatments ranged from 4.80 t ha-1 to 5.35 t ha-1. Obviously, unlike other parameters, the Zn6.0 (6.0 kg Zn ha-1) treatment produced the highest straw yield. The yield of straw did not vary significantly with varieties, apparently BARI Gom-25 demonstrated higher straw yield (5.22 t ha-1) over BARI Gom-26 producing 4.74 t ha-1 straw yield (Table 37). Interaction effect of variety and zinc on the straw yield was not significant showing that the influence of zinc on the straw yield was same over the varieties (Table 38).
Harvest index

Harvest index of wheat was also influenced by Zn application (Table 36). It is noted that treatment Zn3.0 (3.0 kg Zn ha-1) gave the highest harvest index (45.3%) and Zn control treatment (Zn0) had the lowest harvest index (38.4%). In respect of varietal effect, the crop varieties did not vary significantly in terms of this parameter (Table 37). In value, the higher harvest index (42.8%) was obtained from V2 (BARI Gom-26) and lower (40.0 %) from V1 (BARI Gom-25). There was no significant interaction between variety and zinc on the harvest index of wheat (Table 38).

Table 36. Grain and straw yields of wheat as influenced by Zn rates 

	Zinc rate

	Grain yield
(t ha-1)
	Straw yield
(t ha-1)
	Harvest index
(%)

	Zn0
	2.99c
	4.80
	38.4b

	Zn1.5
	3.36bc
	5.08
	40.1b

	Zn3.0
	3.90a
	4.76
	45.3a

	Zn4.5
	3.56ab
	4.93
	42.2ab

	Zn6.0
	3.69ab
	5.35
	41.1b

	CV (%)
	8.99
	15.7
	7.81

	Level of significance 
	**
	NS
	*


In a column, the values having same letter do not differ significantly at 5% level by DMRT. 

Table 37. Grain and straw yields of wheat as influenced by wheat varieties
	Variety
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)
	Harvest index (%)

	V1
	3.48
	5.22
	40.0

	V2
	3.52
	4.74
	42.8

	CV (%)
	5.30
	16.82
	8.2

	Level of Significance
	NS
	NS
	NS



Table 38. Grain and Straw yields of wheat as influenced by variety×Zn interaction 
	Zinc rate
	Grain yield
(t ha-1)
	Straw yield
(t ha-1)
	Harvest index
(%)

	
	V1
	V2
	V1
	V2
	V1
	V2

	Zn0
	2.96
	3.02
	5.11
	4.48
	36.6
	40.3

	Zn1.5
	3.26
	3.47
	4.81
	5.35
	40.6
	39.6

	Zn3.0
	3.83
	3.96
	4.98
	4.53
	43.6
	47.0

	Zn4.5
	3.63
	3.49
	5.42
	4.44
	40.2
	44.2

	Zn6.0
	3.71
	3.68
	5.80
	4.89
	39.1
	43.1

	CV (%)
	8.99
	15.7
	7.81

	Level of sig.
	NS
	NS
	NS



Effects of zinc fertilization on nutrient concentrations of wheat grain

Wheat grain was analyzed for determination of N, Zn and Fe concentrations. The results are presented in Tables 39-41.

Nitrogen concentration 

The N concentration of wheat grain was significantly influenced by different rates of Zn application (Table 39). The highest grain-N concentration (1.77%) was recorded by the treatment containing Zn at 6.0 kg ha-1 (Zn6.0) which was statistically different from others except the treatment having 4.5 kg Zn ha-1 (Zn4.5). The control treatment had the lowest grain N concentration (1.47%). The grain-N concentration was little higher in BARI Gom-26 (1.65%) than that in BARI Gom-25 (1.61%) (Table 40). There was no significant interaction between variety and zinc in case of grain-N concentration (Table 41). Protein concentration in wheat grain was calculated as %N × 5.85; thus the grain protein concentration like grain N concentration was similarly influenced by the Zn treatments (Table 39). The results clearly indicate that Zn helps protein synthesis. Zinc activates glutamic dehydrogenase enzyme, synthesis of RNA and DNA enhancing gliadin and glutenin contents which are the main protein components of gluten accumulated in the later stage of grain filling. 

4.3.2 Zinc concentration
 
The grain Zn concentration was markedly influenced by the Zn fertilization (Table 39). Comparing the five rates of Zn application, Zn4.5 (4.5 kg Zn ha-1) demonstrated the highest Zn concentration (39.7 µg g-1) that was statistically different with all other treatments. Obviously, the Zn control treatment had the lowest Zn concentration (33.9 µg g-1). The grain Zn concentration varied from 33.9 to 39.7µg g-1 across the Zn rates.The Zn concentrations of wheat grain due to Zn4.5 (4.5 kg Zn ha-1) and Zn6.0 (6.0 kg Zn ha-1) treatments were 17.1% and 10.9% increase over control, respectively (Table 39). The highest Zn fortification of wheat grain was obtained from treatment Zn4.5 (4.5 kg Zn ha-1). The grain Zn concentration increased with Zn application rates in a quadratic line (Fig. 6.2) which indicates that the Zn concentration in wheat grain increased to the peak at Zn4.5 treatment and then declined. The Zn concentration of wheat grain was not affected by varieties (Table 40). However, the grain Zn content in BARI Gom-26 was 37.1µg g-1 and that in BARI Gom-25 was 36.1µg g-1. The interaction effect of variety and zinc on Zn concentration was not significant showing that the influence of zinc application on grain-Zn concentration was unaffected by the varieties (Table 41). 


4.3.3 Iron concentration

Like N concentration, the Fe concentration of wheat grain responded significantly to Zn application (Table 39). The highest grain-Fe concentration (39.0 µg g-1) was observed in the treatment having Zn at 6.0 kg ha-1 (Zn6.0). The Zn control treatment (Zn0) produced the lowest grain-Fe concentration (30.7µg g-1) (Table 39). Zinc application linearly increased the grain Fe concentration and application of Zn at the rate of 1 kg ha-1 increased the Fe concentration in wheat grain by 1.32µg g-1 (Fig. 6.2). The wheat varieties differed significantly based on grain-Fe concentration showing the order of BARI Gom-26 (38.1µg g-1) > BARI Gom-25 (33.3µg g-1). Further, interaction effect of variety and zinc on grain-Fe concentration was also significant (Table 41). The grain-Fe concentration was maximum in V2 × Zn6.0 (42.7µg g-1), which was statistically similar to V2 × Zn4.5 (39.8µg g-1) and the lowest result in V1 × Zn0 (30.6µg g-1). The Zn and Fe concentrations of wheat grain were positively correlated (Fig. 6.3).

	
	

	
Fig. 6.2 Effects of Zn application on protein (A), zinc (B) and iron (C) concentrations in wheat grain (vertical bars represent standard errors)



Table 39. Nitrogen, protein, Zn and Fe concentrations of wheat grain as influenced by zinc rates 

	Zinc rate
	N
(%)
	Protein
(%)
	Fe
(µg g-1)
	Zn
(µg g-1)
	% Zn increase over control

	Zn0
	1.47d
	8.60d
	30.7c
	33.9d
	-

	Zn1.5
	1.55cd
	9.07cd
	34.3bc
	35.5cd
	4.7

	Zn3.0
	1.62bc
	9.48bc
	36.7b
	36.3bc
	7.1

	Zn4.5
	1.74ab
	10.18ab
	37.6b
	39.7a
	17.1

	Zn6.0
	1.77a
	10.35a
	39.0a
	37.6b
	10.9

	CV (%)
	6.91
	6.91
	5.25
	4.22
	-

	Level of significance
	**
	**
	**
	**
	-


In a column, the values having same letter do not differ significantly at 5% level by DMRT. 

Table 40. Nitrogen, protein, Zn and Fe concentrations of wheat grain as influenced by varieties

	Variety
	N (%)
	Protein (%)
	Fe (µg g-1)
	Zn (µg g-1)

	V1
	1.61
	9.42
	33.3b
	36.1

	V2
	1.65
	9.65
	38.1a
	37.1

	CV (%)
	1.80
	1.82
	4.72
	5.88

	Level of sig.
	NS
	NS
	**
	NS


In a column, the values having same letter do not differ significantly at 5% level by DMRT.



Table 41. Nitrogen, protein, Zn and Fe concentrations of wheat grain as influenced by variety × Zn interaction 
 
	Zinc rates
	N (%)
	Protein (%)
	Zn (µg g-1)
	Fe (µg g-1)

	
	V1
	V2
	V1
	V2
	V1
	V2
	V1
	V2

	Zn0
	1.42
	1.52
	8.31
	8.89
	33.2
	34.5
	30.6
	30.8

	Zn1.5
	1.53
	1.58
	8.95
	9.24
	34.8
	36.2
	30.9
	37.8

	Zn3.0
	1.63
	1.61
	9.54
	9.42
	35.5
	37.1
	34.2
	39.2

	Zn4.5
	1.71
	1.76
	10.00
	10.30
	39.9
	39.5
	35.4
	39.8

	Zn6.0
	1.76
	1.77
	10.30
	10.35
	37.1
	38.1
	35.4
	42.7

	CV (%)
	6.91
	6.85
	4.22
	5.25

	Level of Sig.
	NS
	NS
	NS
	*


The small letters in column and capital letters in a row for Fe concentration do not differ significantly at 5% level by DMRT. 

Fig. 6.3 Relationship between Zn and Fe concentrations in wheat grain
4.4 Crop response curve
An attempt has been made to fit the grain yield versus Zn rates to the quadratic equation (y = a + bx + cx2). From the equation, the optimum rates of Zn for the two varieties are computed following the procedure as outlined by Gomez and Gomez (1984).
Rate of nutrient (Ny) that maximizes yield:
		Ny= -b/2c
            Where, b and c are the estimates of the regression coefficients.
The equations thus obtained for Zn were Y =2.931 + 0.355x - 0.038 x2 and Y =3.05 + 0.371x - 0.047x2 for the BARI Gom-25 and BARI Gom-26, respectively (Fig. 6.3). The Zny values are estimated 4.62 and 3.94 kg ha-1 for the two varieties, respectively. Following the same calculation for optimum Zn rate based on grain Zn concentration was found to be 5.5 kg ha-1 (Fig. 6.2). 
Hence, the optimum rate of Zn application for achieving higher yield of wheat obtained from statistical analysis (F-test and DMRT) was further refined following crop response curve (Fig. 6.3). The Zn rates varied between the two BARI varieties. It is obtained from the crop response curve that the most optimum rate of Zn application for BARI Gom-25 appears to be 4.62 kg ha-1 and that for BARI Gom-26 it is 3.94 kg ha-1. 
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Conclusion

The study indicates that the experimental field was deficient in Zn and the performance of zinc @ 3.0 kg ha-1 was the best in respect of grain yield of wheat. In case of Zn concentration, zinc @ 4.5 kg ha-1 demonstrated the highest Zn concentration (39.7 µg g-1) in wheat grain which was 17.1% increase over Zn control. Although not significant, BARI Gom-26 showed better response in terms of yield and nutrient concentration. The response curve shows 4.62 kg ha-1 for BARI Gom-25 and 3.94 kg ha-1 for BARI Gom-26 as the optimum Zn rate for achieving higher grain yield of wheat. However, 5.5 kg ha-1 appeared as the optimum Zn rate for obtaining higher Zn fortification in wheat grain. 
Delineation of soil micronutrient status in major AEZ’s of Bangladesh
Determination of soil micronutrient status of the Old Himalayan Piedmont Plain (AEZ 1) soils of Bangladesh
The old Himalayan Piedmont plain (AEZ 1) is located to the north of Barind Tract in the most of Thakurgaon and Panchagarh and north western parts of Dinajpur districts and comprises of the feet of some coalesced alluvial fan formed by the rivers, washing the adjacent Himalayan slope. It has complex relief pattern comprising broad and narrow floodplain ridge and linear depression. Under AEZ 1, there are 23 number of soil series. Seven general soil types occur in the region of which Non-calcareous Brown floodplain soils, Black Terai soils and Non-calcareous dark grey floodplain soils predominate. Top soils are very strongly to slightly acidic, organic matter contents are relatively higher than the other floodplain areas (FRG, 2012). The texture of the soils varied from clay loam to sandy loam. 
Materials and Methods 
A total of 50 soil samples were collected from 50 sites at a depth 0-15 cm (top soil) of intensively cropped area covering nine soil series including Atowari, Amgaon, Baliadangi, Birganj, Jamun, Pirgacha, Ranishankail, Sreerampur and Gangachara of AEZ 1 for laboratory analysis. The sampling sites were selected based on the land type, existing cropping pattern and soil series. Ground positioning system (GPS) reading was recorded on every site of soil sample collection. Some basic information like village, union, upazila, land type, soil series and land use were noted. 
Results 
pH: The pH value of the AEZ 1 soils was found acidic in nature and value ranged from 4.05-6.00 with a mean of 4.91±0.34 (Table 42). Based on soil test data, all the soil samples were found pH value below 6. The data further reveals that most of the soil samples were acidic in nature. 
Organic matter: The percentage of organic matter (OM) ranged from 0.38-4.13% with a mean value 1.90±0.80% (Table 42). From the soil samples, 86% were found in medium organic matter (1.8-3.4%). It may be concluded that studied soils contain medium amount of organic matter because surface soil (0-15 cm) content more organic matter and gradually decrease with the increase of soil depth. 
Macronutrients status: Total N content of soils (n=50) varied from 0.019-0.206%, available P from 8.18-56.65 mg kg-1 and available S from 9.00-28.20 mg kg-1, with the corresponding mean values of 0.09±0.04%, 43.97±32.39 mg kg-1 and 66.53±16.82 mg kg-1, respectively (Table 2). The amount of exchangeable K and Ca++ of soils ranged from 0.02-0.42 cmol kg-1 and 1.05-7.96 cmol kg-1with a mean of 0.150±0.11 and 2.87±1.18 cmol kg-1, accordingly. The highest exchangeable Ca++ was found in the soils of Pirgacha series while the lowest value was found in Juman series (Table 42). The exchangeable Mg++ in all the soil series ranged from 0.19-2.43 cmol kg-1 with a mean of 0.58±0.40 cmol kg-1. Highest Mg++ value of 2.43 cmol kg-1 was observed from Jamun soils. Considering exchangeable Ca++ and Mg++ status, 62% and 80% of soil samples were found below critical level, respectively. About 49%, 22%, 65%, 31% 62% and 80% soil samples were found ‘low’ interpretation class  in N, P, K, S, Ca and Mg status (Table 43). 
Zinc: Available Zn in the soil samples varied from 0.10-3.46 mg kg-1 with the mean value 0.85±0.80 mg kg-1 (Table 42). On the basis of critical limit (0.60 mg kg-1 ) suggested by FRG- 2012, the soil samples was found to be 30% low, 40% very low, 8% medium, 6% optimum, 8% high and 8% very high  in availability of Zn status (very low ˂0.45, low 0.451-0.90, medium 0.91-1.35, optimum 1.351-1.80, High 1.81-2.25, Very high ˃2.25 mg kg-1). A 49% soil samples were found below critical limit of Zn content.
Boron: All the nine ‘soil series’ samples had available B below 1.00 mg kg-1 and 16% soil samples were found below 0.20 (CL) mg kg-1 available B (Table 42). On the basis of critical limit suggested by FRG (2012), 16% soil samples were found very low, 26% low, 34% medium, 14% optimum, 6% high and 4% soil were found very high in available B (Very low ˂0.15, Low 0.151-0.30, medium 0.31-0.45, optimum 0.451-0.60, high 0.61-0.75, very high ≥ 0.75 mg kg-1). Among soil samples, the available B ranged from 0.030-0.850 mg kg-1 with mean value 0.360±0.180 mg kg-1 (Table 42).
Copper: Available Cu content of the soil samples varied from 0.22 to 2.63 mg kg-1 with the mean value of 1.27±0.58 mg kg-1 (Table 42).The data indicated that the Cu status of 84% soil samples were very high in availability considering critical limit. 
Manganese: Manganese in the soil samples varied from 0.16-81.95 mg kg-1 with the mean value of 16.32±20.31mg kg-1. Considering critical limit (1.00 mg kg-1), 68% soil samples were found very high and 12% samples were very low in available Mn (Table 42).
Iron: Data on available Fe in soil samples indicated that 100% soil samples were very high in Fe concentration comparing 4.0 mg kg-1 as the critical limit. The DTPA- Fe in soils varied from 45.07-248.50 mg kg-1 with an average mean value of 136.88±54.90 mg kg-1 (Table 42).
Table 42. Chemical properties and nutrient status of soils from Old Himalayan Piedmont Plain (AEZ 1) (n=50)

	Sample No.
	pH
	OM 
(%)
	Ca
	Mg
	K
	Total N (%)
	P
	S
	B
	Zn
	Fe
	Cu
	Mn

	
	
	
	(cmol kg-1)
	
	mg kg-1

	1
	4.71
	1.86
	2.85
	0.32
	0.04
	0.093
	9.3
	64.4
	0.32
	0.29
	89.45
	0.73
	0.88

	2
	4.98
	1.34
	3.56
	0.35
	0.04
	0.067
	30.96
	88.5
	0.33
	0.23
	128.8
	0.59
	0.42

	3
	4.74
	0.48
	3.37
	0.43
	0.06
	0.024
	13.36
	112.7
	0.58
	0.17
	56.92
	0.79
	0.21

	4
	6.00
	1.41
	7.96
	1.36
	0.55
	0.071
	105.3
	100
	0.85
	2.34
	103.3
	1.48
	39.87

	5
	5.13
	2.44
	2.61
	0.33
	0.11
	0.122
	51.8
	59.7
	0.23
	0.52
	81.18
	1.31
	1.33

	6
	5.04
	1.65
	3.35
	1.16
	0.15
	0.083
	9.5
	66.4
	0.12
	0.36
	132.3
	2.17
	3.72

	7
	4.71
	1.31
	3.73
	0.52
	0.09
	0.066
	112.1
	81.1
	0.53
	0.8
	63.74
	0.35
	36.47

	8
	5.23
	1.38
	2.72
	0.2
	0.17
	0.069
	77.08
	37.3
	0.39
	0.67
	165.5
	1.18
	11.23

	9
	4.79
	2.41
	3.61
	0.49
	0.42
	0.121
	56.65
	54.5
	0.7
	0.3
	159.1
	1.3
	14.34

	10
	4.93
	1.89
	3.25
	0.45
	0.09
	0.095
	13.3
	69.1
	0.61
	0.6
	161.5
	1.61
	6.04

	11
	4.75
	1.93
	2.03
	0.63
	0.12
	0.097
	28.35
	46.2
	0.1
	0.82
	129.1
	1.16
	8.45

	12
	4.76
	1.82
	1.81
	0.70
	0.13
	0.091
	14.69
	64.6
	0.34
	0.28
	114.3
	2.63
	5.66

	13
	4.74
	1.79
	3.19
	0.43
	0.02
	0.090
	8.28
	57.2
	0.44
	0.29
	133.4
	1.07
	7.8

	14
	5.09
	1.44
	2.97
	1.22
	0.51
	0.072
	135.7
	82.4
	0.05
	3.46
	102.3
	0.86
	57.33

	15
	4.73
	1.27
	6.48
	1.45
	0.07
	0.064
	60.16
	87.6
	0.51
	0.97
	188.6
	1.89
	81.95

	16
	4.75
	1.20
	2.43
	0.20
	0.04
	0.060
	11.44
	55.2
	0.38
	0.23
	92.74
	1.25
	0.65

	17
	4.63
	1.17
	2.76
	0.21
	0.18
	0.059
	102.7
	40.6
	0.07
	0.23
	55.13
	0.22
	2.98

	18
	4.85
	1.58
	1.64
	0.34
	0.25
	0.079
	24.65
	67.2
	0.76
	0.59
	173.4
	1.21
	6.11

	19
	4.93
	2.10
	2.18
	0.39
	0.11
	0.105
	30.4
	62.0
	0.36
	0.6
	177.6
	1.61
	5.08

	20
	5.33
	3.64
	3.17
	0.56
	0.09
	0.182
	31.22
	59.2
	0.22
	0.74
	69.82
	1.66
	3.75

	21
	4.05
	2.27
	1.05
	0.19
	0.13
	0.114
	77.19
	35.8
	0.13
	0.58
	66.05
	0.72
	0.27

	22
	5.07
	2.06
	1.98
	0.45
	0.13
	0.10
	70.30
	56.80
	0.03
	1.24
	73.44
	0.95
	2.51

	23
	6.00
	4.75
	1.20
	2.43
	0.20
	0.04
	60.0
	11.44
	0.52
	0.38
	0.23
	2.74
	1.25

	24
	4.96
	1.48
	2.99
	0.29
	0.10
	0.074
	9.19
	56.2
	0.27
	0.15
	113
	1
	0.16

	25
	4.59
	1.31
	2.27
	0.19
	0.12
	0.066
	43.71
	68.3
	0.29
	0.2
	45.07
	1.14
	11.92

	26
	5.25
	1.86
	3.6
	0.62
	0.37
	0.093
	83.52
	76.8
	0.4
	0.44
	229
	1.28
	22.21

	27
	4.95
	1.20
	2.56
	0.88
	0.13
	0.06
	54.26
	86.6
	0.31
	0.71
	144.1
	1.14
	71.06

	28
	4.59
	1.86
	2.69
	0.2
	0.11
	0.093
	42.06
	57.3
	0.21
	0.16
	181.2
	1.02
	47.12

	29
	5.07
	1.99
	3.45
	0.38
	0.15
	0.100
	28.73
	87.5
	0.45
	0.21
	97
	0.85
	53.98

	30
	5.26
	1.79
	3.75
	0.7
	0.34
	0.090
	46.1
	76.0
	0.48
	0.6
	86.99
	0.85
	34.81

	31
	4.79
	0.38
	4.70
	0.52
	0.11
	0.019
	10.71
	61.2
	0.4
	0.27
	101.6
	0.99
	0.19

	32
	4.46
	1.12
	1.79
	0.52
	0.15
	0.056
	52.3
	66.05
	0.68
	2.78
	172.6
	0.75
	21.24

	33
	4.74
	4.12
	3.51
	0.91
	0.14
	0.206
	10.71
	63.5
	0.27
	0.34
	209.7
	2.56
	19.01

	34
	5.06
	1.96
	2.89
	0.59
	0.11
	0.098
	43.48
	73.0
	0.21
	1.66
	229.7
	1.25
	4.15

	35
	5.21
	1.99
	3.76
	0.54
	0.25
	0.100
	24.62
	74.5
	0.51
	0.2
	167
	2.06
	20.6

	36
	4.92
	1.82
	3.02
	0.28
	0.08
	0.091
	11.94
	63.0
	0.29
	0.1
	107.1
	0.91
	8.58

	37
	4.41
	1.24
	2.46
	0.24
	0.15
	0.062
	64.78
	61.3
	0.44
	0.16
	58.87
	0.31
	22

	38
	4.6
	2.13
	2.63
	0.20
	0.10
	0.107
	34.8
	60.4
	0.27
	1.29
	183.9
	1.17
	2.61

	39
	5.03
	1.51
	2.57
	0.58
	0.13
	0.076
	49.44
	74.1
	0.49
	2.08
	171.5
	0.67
	11.01

	40
	5.05
	2.24
	2.34
	0.55
	0.14
	0.112
	57.86
	69.2
	0.35
	1.4
	152.3
	1.06
	10.72

	41
	4.87
	1.51
	2.01
	0.48
	0.14
	0.076
	40.6
	92.4
	0.38
	1.93
	171.4
	1.18
	10

	42
	4.77
	2.44
	2.03
	0.66
	0.15
	0.122
	19.81
	67.5
	0.48
	0.93
	139.9
	1.48
	7.88

	43
	4.90
	2.27
	2.19
	0.78
	0.13
	0.114
	42.89
	66.6
	0.3
	0.79
	181.4
	1.37
	2.97

	44
	4.83
	2.54
	1.96
	0.58
	0.14
	0.127
	22.2
	59.4
	0.29
	0.83
	158
	1.55
	2.26

	45
	4.85
	2.85
	2.05
	0.45
	0.14
	0.143
	44.86
	59.0
	0.23
	1.69
	192.4
	2.19
	5.59

	46
	4.74
	1.31
	1.55
	0.51
	0.15
	0.066
	45.37
	66.12
	0.42
	3.04
	117.9
	0.82
	43.38

	47
	4.49
	2.13
	1.57
	0.31
	0.12
	0.107
	34.78
	74.8
	0.33
	1.81
	218.8
	1.31
	7.1

	48
	5.52
	1.00
	3.59
	0.91
	0.12
	0.050
	25.45
	69.1
	0.07
	0.55
	132.1
	1.28
	59.42

	49
	4.97
	2.79
	3.12
	0.32
	0.10
	0.140
	41.69
	81.0
	0.4
	0.69
	248.5
	1.58
	4.25

	50
	4.56
	2.96
	2.56
	1.00
	0.12
	0.148
	8.18
	55.8
	0.1
	0.58
	178.6
	2.34
	12.75

	Mean 
	4.91
	1.90
	2.87
	0.58
	0.15
	0.09
	43.97
	66.53
	0.36
	0.85
	134.15
	1.27
	16.31

	Range
	4.05-6.00
	0.38-4.13
	1.05-7.96 
	0.19-1.45
	0.02-0.42
	0.019-0.206
	8.18-56.65
	9.0-
28.2
	0.03-0.85
	0.10-3.46
	45.07-248.5
	0.22-2.63
	0.16-81.95

	SD
	0.34
	0.80
	1.18
	0.40
	0.11
	0.04
	32.39
	16.82
	0.18
	0.80
	54.90
	0.58
	20.31



Table 43. Interpretation class of soil test value for different nutrients in the Old Himalayan Piedmont Plain (AEZ 1) soils in relation to critical limit (FRG, 2012)  (n = 50)
	Interpretation class of macronutrients based on critical limit (FRG, 2012) 
	Macronutrient

	
	N
	P
	K
	S
	Ca
	Mg

	Very low
	47%
	nil
	20%
	nil
	nil
	nil

	Low
	49%
	22%
	65%
	31%
	62%
	80%

	Medium
	4%
	4%
	4%
	63%
	Nil
	12%

	Optimum
	nil
	12%
	8%
	6%
	2%
	6%

	High
	nil
	28%
	4%
	nil
	2%
	Nil

	Very high
	nil
	37%
	nil
	nil
	2%
	2%

	Interpretation class of micronutrients based on critical limit (FRG, 2012)
	Micronutrient

	
	Zn
	B
	Cu
	Mn
	Fe

	Very low
	40%
	16%
	0%
	12%
	nil

	Low
	30%
	26%
	2%
	6%
	nil

	Medium
	8%
	34%
	4%
	nil
	nil

	Optimum
	6%
	14%
	2%
	10%
	nil

	High
	8%
	6%
	8%
	4%
	nil

	Very high
	8%
	4%
	84%
	68%
	100%



Conclusion
The bench line survey in AEZ 1 indicated that the zinc status of soils was ‘very low’ to ‘low’; the soil B status was ‘low’ to ‘medium’ based on the interpretation of soil test values in relation to critical limit of the nutrient. The status of other micronutrients such as Cu, Mn and Fe was generally ‘very high’. Study of micronutrients status in the soils revealed the micronutrient deficiency in the order of Zn˃B˃Mn˃Cu˃Fe. About 70% soils are deficient in Zn and 42% soils in B. About 49%, 22%, 65%, 31%, 62% and 80% soil samples were found ‘low’ in N, P, K, S, Ca and Mg status.
Effect of soil amendments and nitrogen fertilizer application on the growth and yield                           of wheat in saline area at Shyamnagar, Shatkhira.

A field experiment was conducted in saline area located at shyamnagar, Shatkhira during the year of 2016-17 to study the effect of soil amendments and nitrogen fertilizer on the growth and yield of Wheat. The experimental soil (0-15 cm depth) was a silty clay texture of pH 5.76 (in water) with total N 0.1%, available P 5.23ppm and exchangeable K 0.299 meq% (Table-44).
 





Table-44: Initial  physico-chemical properties of soil collected from wheat experimental field at    Satkhira during 2016-17 

	Soil properties

	Value

	Soil Texture
% Sand
% Silt
% Clay
Soil O.C.(%)
Soil pH
EC (μs)
Total N (%)
Sulpher(ppm)
Available P (ppm)
Exchangeable K meq%

	Silty clay
14.64
42
43.36
1.01
5.76
705
0.10
107.482
5.23
0.29




Seven treatments were assigned as - T1 = N application in 2 splits + Gypsum as 2 x Recommended dose, T2 = N application in 3 splits + Gypsum as 2 x Recommended dose, T3 = N application in 3 splits + K as 2 x Recommended dose, T4= N application in 2 splits + K as 2 x Recommended dose, T5= N application in 3 splits + (K+ Gypsum) as 1.5 x Recommended dose, T6= N application in 2 splits + (K+Gypsum) as 1.5 x Recommended dose and T7 = Recommended dose of N, P, K, S for irrigated wheat (Following Fertilizer Guide)  in a RCBD design with 3 replications.Recommended dose of N-120 kg/ha,P-30 kg/ha,K-60 kg/ha,S-15 kg/ha,Zn-1 kg/ha following Fertilizer Guide. Except N, all fertilizer such as, P, K, S and Zn were applied @ 30 kg/ha, 60 kg/ha, 15 kg/ha and 1 kg/ha as basal dose, during wheat sowing.   Incase of N  fertilizer urea was applied in single/two/ three splits according to the treatments. For study the fate of nitrogen, N15 isotope was applied in a  micro-plot (1mx1m) in all N treatment within one replication. The wheat seeds (cv. BARI Gom-25) were shown on 30 November, 2016 and wheat harvested on 22 March, 2017. The plant (grain & straw) and soil samples were collected from the experimental field during harvest and finally analyzed at soil science laboratory, BINA. For N15 analyses, the isotope aided samples were processed and send to IAEA recommended laboratory- PNRI and the analysis are in progress.

During the experimental period the maximum and minimum average temperature were 31.47 OC  and 11.68 OC. The total rainfall and humidity were 99.2 mm and 78%. The details of the climate parameters are shown in figure 7 & 8. 




Fig.-7: Monthly maximum & minimum temperature (average) of the experimental area Satkhira during wheat production 



Fig. -8: Total Rainfall(mm) and Humidity(%) of the experiment

Table-45: The effect of soil amendments and nitrogen fertilizer on the growth and yield of Wheat
	Treatments
	Grain yield
	Straw yield

	T1
T2
T3
T4
T5
T6
T7
	3.26 A
2.90 AB
4.76 AB
4.16 AB
3.50 AB
4.20 B
4.06 B
	3.36 A
2.56 AB
4.73 AB
3.93 AB
3.66 AB
3.90 BC
3.96 C

	LSD Value
	1.217
	1.00


Legend:
	T1 = N application in 2 splits + Gypsum as 2 x Recommended dose, T2 = N application in 3 splits + Gypsum as 2 x Recommended dose, T3 = N application in 3 splits + K as 2 x Recommended dose,
 T4= N application in 2 splits + K as 2 x Recommended dose
	 T5= N application in 3 splits + (K+ Gypsum) as 1.5 x Recom,d dose, T6= N application in 2 splits +  (K + Gypsum) as 1.5 x Recom,d dose and T7 = Recommended dose of N, P, K, S for irrigated wheat (Following Fertilizer Guide) in a RCBD design with 3 replications.




The grain and straw yield of wheat are presented in Table-45. From the table, it was observed that the different soil amendments and nitrogen fertilizers showed a significant variation among the grain and straw yield of Wheat. The highest grain yield of 4.77 t/ha was observed from the treatment T3, where N fertilizer was applied in 3 splits with double application of K from recommended dose. The minimum value of wheat grain as 2.90 t/ha, from treatment T2, where Gypsum was added instead of K. Similarly, the highest straw yield of wheat was noted as 4.73 t/ha from the treatment T3 which was followed by T4, T6, T7 and T5. The minimum straw yield was recorded as 2.56 t/ha from the treatment T2 where Gypsum was applied instead of K.

Effect of soil amendments and nitrogen fertilizer application on the growth and yield of wheat     at BINA, Mymensingh

A field experiment was conducted at BINA Head Office farm, Mymensingh during the year of 2016-17 to study the effect of soil amendments and nitrogen fertilizer on the growth and yield of Wheat. The experimental soil (0-15 cm depth) was a sandy loam texture of pH 7.10 (in water) with total N 0.11%, available P 10.04 ppm and exchangeable K 0.083 meq% (Table-46).
 
Table-46: Initial  physico-chemical properties of soil collected from wheat experimental field at BINA,  Mymensingh during 2016-17 

	Soil properties
	Value

	Soil Texture
% Sand
% Silt
% Clay
Soil O.C.(%)
Soil pH
EC (μs)
Total N (%)
Sulpher (ppm)
Available P (ppm)
Exchangeable K meq%
	Sandy loam 
56.64
32.0
11.36
1.18
7.10
94.1
0.11
31.35
10.04
0.083


               
Seven treatments were assigned as - T1 = N application in 2 splits + Gypsum as 2 x Recommended dose, T2 = N application in 3 splits + Gypsum as 2 x Recommended dose, T3 = N application in 3 splits + K as 2 x Recommended dose, T4= N application in 2 splits + K as 2 x Recommended dose, T5= N application in 3 splits + (K+ Gypsum) as 1.5 x Recommended dose, T6= N application in 2 splits +  (K + Gypsum) as 1.5 x Recommended dose and T7 = Recommended dose of N, P, K, S for irrigated wheat (Following Fertilizer Guide) in a RCBD design with 3 replications. Recommended dose of N-60 kg/ha, P-15 kg/ha, K-45kg/ha, S-8 kg/ha, Zn-1kg/h, B-0.5 kg/ha following Fertilizer Recommendation Guide.  Except N, all fertilizer such as, P, K, S and Zn were applied @ 30 kg/ha, 60 kg/ha, 15 kg/ha and 1 kg/ha as basal dose, during wheat sowing.   Incase of N  fertilizer urea was applied in single/two/ three splits according to the treatments. For study the fate of nitrogen, N15 isotope was applied in a  micro-plot (1mx1m) in all N treatment within one replication. The wheat seeds (cv. BARI Gom-25) were shown on 22 November, 2016 and wheat harvested on 16 March, 2017. The plant (grain & straw) and soil samples were collected from the experimental field during harvest and finally analyzed at soil science laboratory, BINA. For N15 analyses, the isotope aided samples were processed and send to IAEA recommended laboratory- PNRI and the analysis are in progress.

Table-47. The effect of soil amendments and nitrogen fertilizer on the growth and yield of Wheat

	Treatments
	Grain yield
	Straw yield

	T1
T2
T3
T4
T5
T6
T7
	3.89 
3.66 
3.49 
3.41 
3.63 
3.71 
3.58 
	3.77 AB
3.32 B
3.89 AB
3.44 AB
3.64 AB
3.56 AB
4.03 A

	LSD Value
	1.5
	0.53

	Level of significance
	NS
	0.05%

	
Legend:

T1 = N application in 2 splits + Gypsum as 2 x Recommended dose, T2 = N application in 3 splits + Gypsum as 2 x Recommended dose, T3 = N application in 3 splits + K as 2 x Recommended dose,
 T4= N application in 2 splits + K as 2 x Recommended dose
	



 T5= N application in 3 splits + (K+ Gypsum) as 1.5 x Recom,d dose, T6= N application in 2 splits +  (K + Gypsum) as 1.5 x Recom,d dose and T7 = Recommended dose of N, P, K, S for irrigated wheat (Following Fertilizer Guide) in a RCBD design with 3 replications.



The grain and straw yield of wheat are presented in Table-47. From the table, it was observed that the different soil amendments and nitrogen fertilizers showed a significant variation among the grain and straw yield of Wheat. The highest grain yield of 3.89 t/ha was observed from the treatment T1, where N fertilizer was applied in 3 splits with double application of K from recommended dose. The minimum value of wheat grain as 3.41 t/ha from treatment T4, where Gypsum was added instead of K. Similarly, the highest straw yield of wheat as 4.03 t/ha from the treatment T7 which was followed by T3,T4, T6, and T5. The minimum straw yield was recorded as 3.32 t/ha from the treatment T2 where Gypsum was applied instead of K.

Field performance of felon rhizobia strains on growth, nodulation and yield of felon at mymensingh,magura and khagrachari

Field experiments were conducted at BINA HQ Farm Mymensingh, and Magura and Khagrachari substations to see the performance of Felon Rhizobia strains on growth, nodulation and yield of Felon in Rabi season of 2016-2017. There were nine treatments viz. Felon Rhizobia strains FR-1, FR-2, FR-3, FR-4 and FR-5, three nitrogen levels i.e. 15, 30 and 45 kg N/ha and one uninoculated control. The experiments were laidout in randomized complete block design (RCB) with three replications. Phosphorus,Potassium,  Sulphur, Zinc and Boron were applied as basal application @ 20, 60, 18, 2 and 4 kg/ha. BARI felon -1 was used as test crop cultivar in the study. Data on growth and nodulation were recorded and vegetative stage of felon. Green pod yield was recorded at 5 days interval of starting of optimum fruit growth as vegetable up to end of fruit setting. Data on grain yield was recorded at ripening stage. Result showed that significant increase of plant growth, nodulation and yield were occurred due to inoculation of Rhizobial inoculation over uninoculated control. Plant height was increased significantly due to different strains application at all three locations. Nodule number was increased 2 to 4 times due to inoculation at all locations. The highest nodule number was recorded per plant at Magura substation. Nodule dry weight was recorded the highest with an amount of 270 mg/plant.  Felon Rhizobia strain FR-2 resulted as highest nodule producing strain at all locations. Significant higher grain and vegetable (green pod) yield were recorded with Felon Rhizobia Strain FR-2 at most locations. Felon Rhizobia Strain FR-5 showed performance as second position in all respect. Considering all criteria FR-2 was selected as the best among the five strains and can be used in biofertilizer production for Felon cultivation. 

Table. 48. Effect of Rhizobia trains on plant height of Felon at Mymensingh, Magura and Khagrachari   
        
	Treatment

	Plant height (cm)

	
	Mymensingh
	Magura
	Khagrachari

	Control
	72.33 d
	51.43 d
	49.33 c

	FR-1
	79.33 c
	56.33 cd
	56.33 ab

	FR-2
	86.00 ab
	67.33 a
	58.33 a

	FR-3
	80.23 bc
	62.03 ab
	56.00 ab

	FR-4
	81.90 abc
	56.30 cd
	54.33 b

	FR-5
	85.37 abc
	63.90 ab
	52.00 bc

	N15
	80.40 bc
	55.87 cd
	55.67 ab

	N30
	86.43 ab
	60.00 bc
	56.00 ab

	N45
	87.27 a
	64.27 ab
	58.33 a

	Sig. level
	**
	**
	**

	CV(%)
	2.89
	4.33
	2.41


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Table. 49. Effect of Rhizobia trains on nodule number and dry weight of Felon at Mymensingh, Magura and Khagrachari   

	Treatment
	
	Nodule number (no./plant)
	Nodule dry wt. (mg/plant)

	
	Mymensingh
	Magura
	Khagrachari
	Mymensingh
	Magura
	Khagrachari

	Control
	8.03 d
	4.53 d
	9.67 d
	23.47 e
	22.17 e
	26.00 d

	FR-1
	27.10 bc
	31.27 b
	26.00 bc
	167.70 d
	239.90 b
	197.70 b

	FR-2
	35.93 a
	36.57 a
	36.33 a
	242.80 a
	270.80 a
	219.00 a

	FR-3
	31.53 ab
	30.80 b
	33.33 a
	227.00 b
	210.10 c
	201.00 b

	FR-4
	25.13 c
	25.67 c
	23.00 c
	183.40 c
	180.90 d
	170.30 c

	FR-5
	35.00 a
	33.13 b
	28.33 b
	226.00 b
	193.60 d
	217.30 a

	N15
	9.63 d
	4.97 d
	10.67 d
	24.00 e
	26.07 e
	22.67 d

	N30
	7.17 d
	5.23 d
	10.67 d
	24.00 e
	22.60 e
	23.33 d

	N45
	8.72
	5.00 d
	10.33 d
	23.00 e
	23.20 e
	22.67 d

	Sig. level
	**
	**
	**
	**
	**
	**

	CV(%)
	11.16
	6.20
	8.04
	3.82
	4.22
	4.49


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Table. 50. Effect of Rhizobia trains on pod length and pod dry weight of Felon at Mymensingh, Magura and Khagrachari   

	Treatment
	
	Pod length (cm)
	Pod/plant (no.)

	
	Mymensingh
	Magura
	Khagrachari
	Mymensingh
	Magura
	Khagrachari

	Control
	12.74 b
	13.53 c
	12.83 c
	8.86 e
	8.17 d
	9.20c

	FR-1
	13.07 b
	15.17 b
	14.20 ab
	9.80 cde
	9.10 bc
	10.40b

	FR-2
	15.80 a
	16.93 a
	14.97 a
	11.10 ab
	9.93 a
	11.90a

	FR-3
	14.73 a
	15.70 ab
	14.87 a
	10.10 bcd
	8.70 cd
	11.87a

	FR-4
	13.43 b
	15.90 ab
	14.33 ab
	10.17 bcd
	8.53 cd
	11.70a

	FR-5
	15.20 a
	16.87 a
	14.70 a
	10.77 abc
	9.53 ab
	11.97a

	N15
	13.13 b
	15.13 b
	13.57 bc
	9.67 de
	8.43 cd
	10.40b

	N30
	15.03 a
	16.33 ab
	14.93 a
	11.00 ab
	9.13 bc
	11.90a

	N45
	15.20 a
	16.97 a
	15.27 a
	11.20 a
	9.67 ab
	12.00a

	Sig. level
	**
	**
	**
	**
	**
	**

	CV(%)
	3.16
	3.22
	2.10
	3.85
	3.42
	3.17


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 




Table. 51. Effect of Rhizobia trains on plant height of Felon at Mymensingh, Magura and Khagrachari   

	Treatment

	Seed/pod (no.)
	100 grain wt. (g)

	
	Mymensingh
	Magura
	Khagrachari
	Mymensingh
	Magura
	Khagrachari

	Control
	11.00 d
	10.73 c
	10.70 c
	11.67 c
	11.55 c
	11.52 c

	FR-1
	12.30 abc
	11.20 bc
	11.73 b
	12.63 ab
	12.55 abc
	12.64 ab

	FR-2
	13.20 a
	12.90 a
	12.67 a
	13.06 a
	13.29 a
	12.98 a

	FR-3
	12.77 ab
	12.27 ab
	12.00 ab
	12.52 ab
	12.56 abc
	12.55 ab

	FR-4
	11.77 bcd
	11.47 a
	11.73 b
	12.35 b
	12.04 bc
	12.30 ab

	FR-5
	12.63 ab
	12.83 a
	12.50 ab
	12.50 ab
	12.72 abc
	12.72 ab

	N15
	11.33 cd
	10.83 c
	11.70 b
	11.70 c
	12.04 bc
	12.08 bc

	N30
	12.65 ab
	12.10 ab
	12.43 ab
	12.59 ab
	12.77 ab
	12.86 a

	N45
	13.03 a
	12.30 ab
	12.17 ab
	12.99 ab
	13.00 a
	13.00 a

	Sig. level
	**
	**
	**
	**
	**
	**

	CV(%)
	3.38
	3.88
	2.65
	2.11
	3.53
	6.96


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Table. 52. Effect of Rhizobia strains on grain and green pod yield of Felon at Mymensingh, Magura and Khagrachari   

	Treatment
	
	Grain yield (kg/ha)
	Green pod (vegetable)  yield   (t/ha)

	
	Mymensingh
	Magura
	Khagrachari
	Mymensingh
	Magura
	Khagrachari

	Control
	1040 f
	1007 b
	1080 e
	4.47 d
	5.28 c
	5.49 c

	FR-1
	1169 cd
	1033 b
	1289 c
	5.69 abc
	5.96 abc
	7.41 ab

	FR-2
	1262 ab
	1272 a
	1376 a
	6.27 a
	6.79 a
	7.96 a

	FR-3
	1214 abc
	1120 ab
	1312 bc
	5.27 bc
	6.73 a
	7.44 ab

	FR-4
	1141 de
	1148 ab
	1310 bc
	6.17 ab
	5.62 bc
	6.67 abc

	FR-5
	1209 bc
	1138 ab
	1369 a
	5.84 abc
	6.40 ab
	7.65 ab

	N15
	1098 e
	1075 b
	1238 d
	5.21 bcd
	5.79 abc
	5.89 c

	N30
	1257 ab
	1255 a
	1351 ab
	6.01 ab
	6.71 a
	6.43 bc

	N45
	1269 a
	1270 a
	1369 a
	6.17 ab
	6.78 a
	7.78 a

	Sig. level
	**
	**
	*
	**
	**
	**

	CV(%)
	5.68
	5.27
	6.96
	6.78
	6.48
	6.91


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5%, and   * = significant at 5% level of probability. 

Effect of soybean rhizobia strains on growth, nodulation and yield of soybean at bina substation farm rangpur

A field experiment was conducted to evaluate the performance of some soybean rhizobia strains on nodulation, growth and yield of soybean at Rangpur substation. There were ten treatments viz. Soybean Rhizobia Strains SR-1, SR-2, SR-3, SR-4 and SR-5, nitrogen level 15, 30, 45, and 60 kg N/ha and one uninoculated control. The experiment was laid out in RCB design with three replications. Data on growth and nodulation were recorded in time at growth stage (60 DAS). Grain yield was recorded at ripening stage. Data recorded showed significant increase of plant height, nodule number, nodule dry weight and grain yield over control due to inoculation of rhizibial strains. Among the strains, SR-2 recorded the highest nodule number nodule dry weight and grain yield of soybean which was equivalent with 45-60 kg nitrogen application. Soybean Rhizobia Strain SR-2 showed as the best strain in this study. The Strain SR-2 may be used in bioinoculant production for soybean cultivation. 

Table. 53. Effect of Soybean rhizobia strains on growth, nodulation and yield of Soybean
                   in Rangpur

	Treatment
	Plant height
(cm)
	Nodule number
(no./plant)
	Nodule 
dry wt. (mg/plant)
	Pod length
(cm)

	Control
	73.10 c
	13.67 b
	21.33 d
	7.59c

	FR-1
	92.00 b
	46.00 a
	192.70 ab
	8.55b

	FR-2
	98.60 a
	49.50 a
	208.00 a
	9.18a

	FR-3
	97.07 ab
	47.33 a
	141.70 c
	8.92ab

	FR-4
	96.97 ab
	47.00 a
	152.00 c
	8.87ab

	FR-5
	96.90 ab
	48.33 a
	180.30 b
	8.63ab

	N15
	94.49 ab
	11.33 b
	30.00 d
	8.97ab

	N30
	96.00 ab
	12.67 b
	32.00 d
	8.49b

	N45
	99.87 a
	12.00 b
	33.00 d
	8.97ab

	N60
	98.85 a
	10.67 b
	34.00 d
	9.09a

	Sig. level
	**
	**
	**
	**

	CV (%)
	2.39
	11.80
	7.06
	2.70


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Table 53. Contd.

	Treatment
	Pod/plant
(no.)
	100 seed
wt.(g)
	Grain yield
(t/ha)

	Control
	55.37 d
	12.35d
	2.44c

	FR-1
	62.77 ab
	13.12abc
	2.89abc

	FR-2
	66.07 a
	13.57a
	3.34a

	FR-3
	62.67 ab
	12.89a-d
	2.76abc

	FR-4
	64.27 ab
	12.71bcd
	2.58bc

	FR-5
	64.63 ab
	13.26abc
	3.20ab

	N15
	57.50 cd
	12.63cd
	2.60bc

	N30
	60.47 bc
	12.97a-d
	2.85abc

	N45
	64.80 ab
	13.35ab
	3.21ab

	N60
	65.43 a
	13.54a
	3.18ab

	Sig. level
	*
	**
	**

	CV (%)
	5.62
	2.04
	8.79


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Performance of rhizobia strains on growth, nodulation and biomass yield of country bean in pot condition

To screen out efficient country bean rhizobia stains for developing biofertilizer a pot experiment was conducted in glass house. Nine Country bean Rhizobia strains CBR-1, CBR-2, CBR-3, CBR-4, CBR-5, CBR-6, CBR-7, CBR-8, CBR-9 and one uninoculated control were used as the treatments. Sterilized river sand was used 5 kg per plastic pot. Surface sterilized seeds were sown in sand @ 6 seed per bucket.  Seeds were dipped into individual rhizobia culture suspension for 30 minutes before sowing. Three plants were maintained in each pot. Sterile Jensen’s seedling solution was applied for nutrient supply to the plants. Bamboo sticks were placed erectly beside the plants so that plants can remaine separately and growth data can be recorded easily. Plant growth data were recorded after 50 days of sowing. Nodulation was observed in the same time. 

Results showed that all the inoculation treatments produced higher number of nodule where as uninoculated produced no nodule or negligible number of nodule. Country bean Rhizobia strains CBR-1, and CBR-3 recorded the higher nodule number and dry weight compared to other strains and control. Strains CBR-1, CBR-3, CBR-6, CBR-8 and CBR-9 produced higher fresh biomass yield over other strains and control. These 5 strains may be tested further in field condition and then the best strains can be selected for use as biofertilizer for country bean cultivation.

Table. 54. Effect of rhizobia strains on growth, nodulation and dry matter yield of Country bean in pot condition
	Treatments
	Plant height
(cm)
	Root length
(cm)
	Leaf number 
(no./plant)

	Control
	194.8 e
	19.79 c
	11.18 c

	CBR-1
	228.5 ab
	24.35 bc
	12.90 ab

	CBR-2
	219.8 abc
	23.42 b
	13.38 ab

	CBR-3
	199.0 de
	22.90 b
	13.92 a

	CBR-4
	209.0 cd
	24.32 b
	13.45 ab

	CBR-5
	219.0 abc
	27.01 a
	13.34 ab

	CBR-6
	213.8 bc
	23.32 b
	12.47 b

	CBR-7
	230.8 a
	24.87 ab
	13.65 ab

	CBR-8
	223.0 abc
	23.45 b
	13.82 a

	CBR-9
	215.0 bc
	22.88 b
	14.06 a

	Sig. level
	**
	**
	**

	% CV
	4.05
	6.21
	5.63


CBR=Country bean Rhizobia strain
In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Table. 55. Effect of rhizobia strains on nodulation and shoot biomass yield of Country bean in pot condition
	Treatments
	Nodule number
(no./plant)
	Nodule fresh wt (mg/plant)
	Nodule dry wt. (mg/plant)
	Shoot fresh weight (g/plant)

	Control
	1.29f
	3.63f
	2.27 d
	4.90 c

	CBR-1
	22.21 a
	222.8 ab
	133.7 a
	6.18 ab

	CBR-2
	17.39 cd
	204.8 bcd
	123.8 ab
	6.06 ab

	CBR-3
	22.55 a
	162.8 e
	133.7 a
	5.85 abc

	CBR-4
	16.25 d
	170.8 de
	104.3 bc
	5.41abc

	CBR-5
	13.28 e
	207.0 bc
	129.0 a
	5.22 bc

	CBR-6
	16.43 d
	215.5 ab
	123.8 ab
	6.42 a

	CBR-7
	16.63 d
	242.7 a
	118.2 abc
	5.79 abc

	CBR-8
	19.80 b
	174.7 cde
	103.2 bc
	6.21 ab

	CBR-9
	18.58 bc
	174.7 cde
	100.0 c
	6.33 a

	Sig. level
	**
	**
	**
	**

	% CV
	7.31
	11.60
	12.87
	10.57


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Screening of rhizobia strains for growth, odulation and vegetable yield of french bean in pot environment

Pot experiment was conducted to evaluate some French bean Rhizobia trains on growth nodulation, biomass production and yield in glass house condition. There were twelve treatments viz. 11 France bean Rhizobia strains i.e. FBR-1, FBR-2, FBR-3, FBR-4, FBR-5, FBR-6, FBR-7, FBR-8, FBR-9, FBR-10 , FBR-11 and one uninoculated control. An amount of 5kg sterile river sand was used in every plastic pot. BARI French bean-1 and BARIFrancebean-3 were used as the test crop cultivars. A concentration of 0.25 N strength seedling solutions was applied to the pot as nutrient solution. Nodulation data were recorded at growth stage of French bean. Vegetable (green pod) yield was recorded in pod forming stage.  Results showed that all the inoculated treatments recorded significantly higher growth, nodulation and yield of French bean over uninoculated control treatment. The highest plant height was observed in treatment FBR-8 followed by FBR-6, FBR-7 and FBR-10. Treatment FBR-11 recorded the highest tap root nodule whereas FBR-1, FBR-6, FBR7 and FBR9 also showed better nodule in tap root. The highest branch root nodule was recorded in treatment FBR-1 among the strains FBR-2 and FBR-3 also showed better nodule in branch root. The highest tap root nodule dry weight was found in FBR-11 but Strains FBR-1, FBR-6, FBR-7 and FBR-9 also recorded better dry weight in tap root of French bean. FBR-1 showed the highest dry weight of branch nodule whereas FBR2, FBR-3, FBR4 and FBR-5 also recorded higher dry weight of branch nodule. FBR-1and FBR-11 showed better root length and leaf number over other strains. FBR-8 showed the highest green pod yield and pod weight per plant. FBR-8 recorded the highest French bean (green pod) yield though FBR-1, FBR-2 and FBR-11 also recorded higher French bean yield over other strains. Among the varieties, BARI Bush bean-3 showed higher plant height, nodule number and nodule dry weight but BARI Bush bean-1 showed higher pod number and French bean yield. Interaction between strains and cultivars was found in all the parameters of growth, nodulation and yield of French bean. In all respect strain FBR-1, FBR-2, FBR8 and FBR-11 were found better among the strains and may be selected for further test in field condition in different agro-ecological regions.

Table 56. Effect of inoculation on shoot, root and leaf growth of French bean

	Treatment
	Plant height
(cm)
	Root length
(cm)
	Leaf number per plant (No./plant)

	Control
	36.97d
	7.41 c
	11.33 b

	FBR-1
	45.13bc
	8.31 a
	13.02 a

	FBR-2
	43.68c
	7.73 abc
	12.48 ab

	FBR-3
	46.73ab
	8.15 abc
	12.90 a

	FBR-4
	45.02bc
	7.97 abc
	12.68 ab

	FBR-5
	45.30bc
	8.30 ab
	12.27 ab

	FBR-6
	48.30a
	7.68 abc
	13.40 a

	FBR-7
	48.17a
	7.83 abc
	13.10 a

	FBR-8
	48.67a
	7.52 bc
	13.80 a

	FBR-9
	45.40bc
	8.07 abc
	13.42 a

	FBR-10
	48.18a
	7.77 abc
	13.77 a

	FBR-11
	46.98ab
	8.45 a
	13.17 a

	Sig. level
	**
	**
	*

	% CV 
	3.49
	5.52
	8.93


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability.
 
Table 57. Effect of variety on shoot, root and leaf growth of French bean

	Treatment
	Plant height
(cm)
	Root length
(cm)
	Leaf number per plant (No./plant)

	BARIFB-1
	45.05 b
	7.63 b
	12.77

	BARIFB-3
	46.04 a
	8.24 a
	13.12

	Sig. level
	*
	*
	NS

	% CV
	3.49
	5.52
	8.93


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 



Table 58. Interaction effect of inoculation and variety on shoot, root and leaf growth of French bean

	Variety x
inoculation
	Plant height
(cm)
	Root length
(cm)
	Leaf number per plant (No./plant)

	V1×Cont.
	38.13 f
	7.20 efg
	11.30 g

	V1×FBR-1
	42.73 e
	8.50 a-d
	11.70 d-g

	V1×FBR-2
	42.20 e
	6.90 g
	11.87 c-g

	V1×FBR-3
	47.20 ab
	7.57 c-g
	11.83 c-g

	V1×FBR-4
	43.87 cde
	7.37 d-g
	13.13 a-g

	V1×FBR-5
	44.87 b-e
	7.73 a-g
	11.63 efg

	V1×FBR-6
	47.10 ab
	7.63 b-g
	14.57 a

	V1×FBR-7
	46.87 abc
	7.93 a-g
	13.23 a-g

	V1×FBR-8
	49.77 a
	6.97 fg
	13.57 a-g

	V1×FBR-9
	44.83 b-e
	7.63 b-g
	13.23 a-g

	V1×FBR-10
	46.90 abc
	7.77 a-g
	13.90 a-e

	V1×FBR-11
	46.17 bcd
	8.30 a-e
	13.27 a-g

	V2×Cont.
	35.80 f
	7.63 b-g
	11.37 fg

	V2×FBR-1
	43.53 de
	8.13 a-e
	14.33 ab

	V2×FBR-2
	45.17 b-e
	8.67 abc
	13.10 a-g

	V2×FBR-3
	46.27 bcd
	8.73 ab
	13.97 a-d

	V2×FBR-4
	46.17 bcd
	8.57 abc
	12.23 b-g

	V2×FBR-5
	45.73 bcd
	8.87 a
	12.90 a-g

	V2×FBR-6
	49.50 a
	7.73 a-g
	12.23 b-g

	V2×FBR-7
	49.47 a
	7.73 a-g
	12.97 a-g

	V2×FBR-8
	47.57 ab
	8.07 a-f
	14.03 abc

	V2×FBR-9
	45.97 bcd
	8.50 a-d
	13.60 a-g

	V2×FBR-10
	49.47 a
	7.77 a-g
	13.63 a-f

	V2×FBR-11
	47.80 ab
	8.60 abc
	13.07 a-g

	Sig. level
	**
	**
	*

	% CV
	3.49
	5.52
	8.93


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 





Table 59. Effect of rhizobia strains on number and dry weight of nodules of French bean in pot environment

	Treatment
	Nodules in Tape root
(no./plant)
	Nodules in Branch root
(no./plant)
	NDW in Tape toot (mg/plant)
	NDW in branch root (mg/plant

	Control
	0.40 f
	3.42f
	1.47 f
	6.87 g

	FBR-1
	11.30 ab
	25.42 a
	44.95 ab
	50.95 a

	FBR-2
	8.32 de
	20.35 b
	33.38 de
	40.33 bc

	FBR-3
	9.50 cd
	20.65 b
	37.90 cd
	41.63 b

	FBR-4
	9.55 cd
	16.53 cd
	38.38 cd
	32.83 de

	FBR-5
	7.67 e
	17.98 bc
	30.70 e
	35.72 cd

	FBR-6
	10.28 bc
	11.78 e
	41.12 bc
	23.13 f

	FBR-7
	10.48 bc
	14.35 de
	42.12 bc
	28.35 ef

	FBR-8
	8.53 de
	12.53 e
	33.95 de
	24.70 f

	FBR-9
	11.52 ab
	12.47 e
	46.28 ab
	24.70 f

	FBR-10
	9.47 cd
	14.03 de
	37.87 cd
	27.70 ef

	FBR-11
	12.15 a
	12.53 e
	48.77 a
	24.58 f

	Sig. level
	**
	**
	**
	**

	% CV, 
	8.28
	11.83
	8.63
	10.69


NDW= Nodule dry weight

In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Table. 60. Effect of variety on number and dry weight of nodules of French bean in pot environment
	Treatment
	Nodules in Tap root
(no./plant)
	Nodules in Branch root
(no./plant)
	NDW in Tap toot (mg/plant)
	NDW in Tap toot (mg/plant

	BARIFB-1
	8.41 b
	12.71 b
	33.62 b
	25.29 b

	BARIFB-3
	9.89 a
	17.63 a
	39.19 a
	34.97 a

	Sig. level
	*
	*
	*
	*

	% CV
	8.28
	11.83
	8.63
	10.69


NDW= Nodule dry weight

In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 




Table. 61. Interaction Effect of variety and inoculation on number and dry weight of nodules of French bean in pot environment

	Treatment
	Nodules in Main root
(no./plant)
	Nodules in Brance root
(no./plant)
	NDW in Tape toot (mg/plant)
	NDW in Tape toot (mg/plant

	V1×Cont.
	0.27 i
	3.50h
	1.13i
	7.00 g

	V1×FBR-1
	9.77 def
	21.17 c
	39.00 def
	42.40 b

	V1×FBR-2
	8.00 fgh
	16.23 de
	31.70 fgh
	32.13 cd

	V1×FBR-3
	9.10 efg
	13.80 d-g
	36.27 efg
	27.53 c-f

	V1×FBR-4
	6.23 h
	10.17 g
	25.10 h
	20.23 f

	V1×FBR-5
	7.70 gh
	11.73 efg
	30.67 gh
	23.57 ef

	V1×FBR-6
	6.33 h
	12.60 d-g
	25.60 h
	24.93 def

	V1×FBR-7
	9.73 def
	13.60 d-g
	38.90 def
	27.33 c-f

	V1×FBR-8
	8.33 fg
	11.90 efg
	33.17 fg
	23.83 ef

	V1×FBR-9
	9.77 def
	12.83 d-g
	39.23 def
	25.43 c-f

	V1×FBR-10
	10.33 de
	11.33 fg
	41.43 de
	22.00 ef

	V1×FBR-11
	15.30 a
	13.67 d-g
	61.23 a
	27.03 c-f

	V2×Cont.
	0.53 i
	3.33 h
	1.80 i
	6.73 g

	V2×FBR-1
	12.83 bc
	29.67 a
	50.90 bc
	59.50 a

	V2×FBR-2
	8.63 efg
	24.47 bc
	35.07 efg
	48.53 b

	V2×FBR-3
	9.90 def
	27.50 ab
	39.53 def
	55.73 a

	V2×FBR-4
	12.87 bc
	22.90 c
	51.67 bc
	45.43 b

	V2×FBR-5
	7.63 gh
	24.23 bc
	30.73 gh
	47.87 b

	V2×FBR-6
	14.23 ab
	10.97 fg
	56.63 ab
	21.33 ef

	V2×FBR-7
	11.23 cd
	15.10 def
	45.33 cd
	29.37 cde

	V2×FBR-8
	8.73 efg
	13.17 d-g
	34.73 efg
	25.57 c-f

	V2×FBR-9
	13.27 b
	12.10 efg
	53.33 b
	24.00 ef

	V2×FBR-10
	8.6 efg
	16.73 d
	34.30 efg
	33.40 c

	V2×FBR-11
	9.0 efg
	11.40 fg
	36.30 efg
	22.13 ef

	Sig. level
	**
	**
	**
	**

	% CV
	8.28
	11.83
	8.63
	10.69


NDW= Nodule dry weight
In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability.



Table. 62.  Effect of rhizobia strains on yield attributes and yield of   French bean in pot environment

	Treatment
	Fresh pod/plant
(No.)
	Fresh pod wt./plant
(g)
	Fresh (vegetable)yield
(g/pot)

	Control
	7.22 e
	15.17 d
	45.52 e

	FBR-1
	9.08 ab
	21.00 ab
	62.72 ab

	FBR-2
	7.67 cde
	21.25 ab
	60.15 ab

	FBR-3
	8.46 bcd
	17.63 c
	  52.78 c

	FBR-4
	8.52 bc
	16.70 cd
	50.07 cde

	FBR-5
	7.68 cde
	16.22 cd
	49.82 cde

	FBR-6
	7.96 cde
	16.13 cd
	46.58 de

	FBR-7
	9.13 ab
	17.87 c
	52.38 cd

	FBR-8
	9.73 a
	22.67 a
	64.75 a

	FBR-9
	7.47 de
	17.62 c
	52.13 cd

	FBR-10
	9.43 ab
	19.92 b
	58.15 b

	FBR-11
	9.33 ab
	21.57 ab
	62.78 ab

	Sig. level
	**
	**
	**

	% CV
	6.93
	6.22 
	6.27


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 

Table. 63.  Effect of variety on yield attributes and yield of   French bean in pot environment

	Treatment
	Green pod wt./plant
(g)
	pod wt./plant
(g)
	Green fruit yield
(g/pot)

	BARIFB-1
	8.94 a
	20.08 a
	59.01 a

	BARIFB-3
	8.06 b
	17.21 b
	50.63 b

	Sig. level
	*
	**
	*

	% CV
	6.93
	6.18
	6.27


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 
*= significant at  5% level of probability. 




Table. 64. Interaction effect of rhizobia strains and French bean cultivar on yield attributes and yield of Frence bean in pot environment

	Interaction (Variety×Strain)
	Green pod number
(g/plant)
	pod wt./plant
(g)
	Green fruit (vegetable) yield
(g/pot)

	V1×Cont.
	7.76 c-f
	15.50 ijk
	46.67 hi

	V1×FBR-1
	9.27 abc
	21.50 b-e
	64.07 bcd

	V1×FBR-2
	9.06 a-d
	24.77 a
	72.87 a

	V1×FBR-3
	9.27 abc
	18.80 e-h
	56.20 d-g

	V1×FBR-4
	8.60 a-d
	17.23 g-k
	51.60 f-i

	V1×FBR-5
	8.63 a-d
	16.97 g-k
	50.83 f-i

	V1×FBR-6
	8.17 b-e
	16.97 g-k
	46.50 hi

	V1×FBR-7
	9.23 abc
	19.40 d-g
	57.77 def

	V1×FBR-8
	9.80 a
	23.33 ab
	67.17 abc

	V1×FBR-9
	8.33 a-d
	18.83 e-h
	55.93 d-g

	V1×FBR-10
	9.46 ab
	22.83 abc
	68.30 abc

	V1×FBR-11
	9.64 ab
	24.63 a
	70.23 ab

	V2×Cont.
	6.66 f
	14.67 k
	44.37 i

	V2×FBR-1
	8.90 a-d
	20.50 c-f
	61.37 cde

	V2×FBR-2
	6.87 ef
	17.73 f-j
	47.43 ghi

	V2×FBR-3
	7.66 def
	16.47 g-k
	49.37 f-i

	V2×FBR-4
	8.43 a-d
	16.17 h-k
	48.53 ghi

	V2×FBR-5
	6.73 ef
	15.47 jk
	48.80 ghi

	V2×FBR-6
	7.75 c-f
	15.30 jk
	46.67 hi

	V2×FBR-7
	9.03 a-d
	16.33 h-k
	47.00 hi

	V2×FBR-8
	9.66 ab
	22.00 a-d
	62.33 b-e

	V2×FBR-9
	6.60 f
	16.40 h-k
	48.33 ghi

	V2×FBR-10
	9.40 ab
	17.00 g-k
	48.00 ghi

	V2×FBR-11
	9.03 a-d
	18.50 f-i
	55.33 e-h

	Sig. level
	**
	**
	**

	% CV
	6.93
	6.18
	6.27


In a column, having similar letter(s) do not differ significantly as per DMRT.
**= significant at 1and 5% level of probability. 


Production and distribution of bina biofertilizer to the farmers and other users during 2016-2017

Table 65. Production and distribution of Binabiofertilizer to the farmers and other users during 2016-2017 

	Biofertilizer for Crops
	Production
	Distribution
	Users

	Lentil 
	186.00
	185.40
	Farmers, demonstrations, ACI Limited, NGOs, researchers, post graduate students, substations etc.

	Groundnut
	65.40
	63.00
	

	Soybean
	28.60
	12.00
	

	Cowpea
	43.00
	41.00
	

	Mungbean
	174.80
	147.40
	

	Chickpea
	4.20
	3.20
	

	Total
	502.00
	452.00
	



Demonstration on the effect of binabiofertilizer on the yield of mungbean

Table 66. Demonstration on the effect of bina produced biofertilizer on growth and yield of mungbean at Sadar upazilla of Magura

	Sl. No.
	Location/village

	Yield (kg/ha)
	% Yield increased over control

	
	
	With biofertilizer
	Without biofertilizer
	

	1
	Moghi 

	1758.02
	1491.36
	17.88

	2
	Jagla

	1382.72
	1283.95
	7.69

	3
	Batikadanga

	2123.46
	1728.40
	22.86






BINA Sub-station, Jamalpur

Crop-Soil-Water Management

Effectiveness of organic waste from rice production as a manure to increase yield and quality of strawberry 
Use of organic amendments is an effective tool to enhance soil fertility and increase crop yields. Composting has been recognized as a low cost and environmentally sound process for treatment of many organic wastes. Huge amount of rice straw is produced in rice based cropping system of Bangladesh. If rice straw is left in the field without proper management, it can cause the spreading of disease and can also encourage the breeding of pests. Rice and wheat straw have large potential for plant nutrients in organic farming. Strawberry cultivation area in Bangladesh is increasing bit by bit. Sweetness of strawberry is a major problem. Total sugar of fruit is actively affected by organic matter and has positive effect to increase sweetness. The present study was carried out to evaluate the effect of different ratio of organic compost from rice straw on yield and sweetness of strawberry for managing organic waste in a sustainable way through using in horticultural crop production.

The pot experiment was conducted at the BINA Substation farm, Jamalpur during the period from November 2016 to March 2017. Pots were filled with soil and compost according to the ratio of soil and compost used in the treatments. Strawberry seedlings were hand-transplanted to the irrigated pot on 19 November 2016. One seedling was planted in each pot. Intercultural operations were done as necessity. Six treatments were considered in this experiment which are T1: 100% soil, T2: 80% soil + 20% compost, T3: 60% soil + 40% compost, T4: 40% soil + 60% compost, T5: 20% soil + 80% compost & T6: 100% compost. The experiment was laid out in a Randomized Complete Block Design with three replications. Data on crop duration (days), number fruits per plant (no./plant), yield per plant (g/plant) and total sugar content (%) were recorded immediate after harvesting of the fruits. The collected data on various parameters were statistically analyzed using MSTAT-C program and the significance was tested by ANOVA. The means of different parameters were compared by Duncan's Multiple Range Test (DMRT) at 1% or 5% level of probability (Gomez and Gomez 1984).

Fruits per plant is one of the most important yield contributing characters in all fruits and as well as strawberry. The treatments significantly differed for fruit per plant. The highest 18 fruits per plant were observed in treatment T4: 40% soil + 60% compost and the lowest 3 fruits per plant in the treatment T1: 100% soil. Fruit yield per plant was significantly differed in different level of compost treatments. Among the treatments T4: 40% soil + 60% compost produced the highest fruit yield of 185.33 g/plant and the lowest yield of 16 g/plant was obtained from the treatment T1: 100% soil. Among the treatments yield was increasing with the increasing application of composts up to 60% and after this yield was decreased. Significant variation among the treatments was also observed in case of total sugar (%). Lowest total sugar (%) was recorded in treatment T1which was increased with the increasing level of compost up to 80% compost application with soil after that total sugar (%) was decreased at treatment T6: 100% compost. It could be concluded that though total sugar (%) increased up to 80% compost with 20% soil treatment but yield was increased up to 60% compost with 40% soil. So, the treatment T4: 40% soil + 60% compost may be considered as the best among the treatments to grow strawberry with good yield and sweetness.

Table 1: Effects of different levels of compost from rice straw on yield, yield contributing parameters and sugar content of strawberry
	Treatment
	Crop Duration
(days)
	Fruit Number
(no./plant)
	Yield
(g/plant)
	Total sugar
(%)

	T1: 100% soil
	  94d
	  3d
	  16.00f
	2.29f

	T2: 80% soil + 20% compost
	107b
	  8c
	  63.33e
	2.59e

	T3: 60% soil + 40% compost
	107b
	12b
	123.67b
	2.78d

	T4: 40% soil + 60% compost
	109a
	18a
	185.33a
	3.64c

	T5: 20% soil + 80% compost
	107b
	11b
	115.67c
	5.19a

	T6: 100% compost
	  95c
	11b
	110.67d
	4.44b

	CV (%)
	8.61
	1.00
	5.77
	0.83

	Level of significance
	**
	**
	**
	**

	SE ()
	1.135
	1.870
	1.123
	0.057


Values having same letters in a column do not differ significantly at 5% level by DMRT.
*= Significant at 5% level and **= Significant at 1% level. CV = Coefficient of variation














PLANT PATHOLOGY DIVISION
Research Highlights

Three line/mutants, RC-2-4-1-2, RM-kas-60 (C)-1 and BPP-10-200-1 were found to be moderately resistant to both bacterial leaf blight and sheath blight in Aman season. In another experiment, five mutants, N10/300/P-2-3-5-1, N10/300/P-2-3-5-2, RM (2)-50(C)-2-1-1, BPP-10-200-1 and BPP-10-250-5 were found to be moderately resistant to bacterial leaf blight and sheath blight in Boro season. 
Fourteen isolates of M. oryzae Triticum were evaluated against blast and the isolate-7 was found more aggressive compared to others.
The mean severity of blast ranged from 32-49. The mean severity of blast was the highest in heading stage to pre-maturity stage.
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 identified as moderately susceptible to cercospora leaf spot and mungbean yellow mosaic.
The mutant CPM (BR)-7-400 was moderately resistant to root rot and botrytis gray mould of chickpea. 
In lentil experiment three mutants LM-118-9, LM-138-3 and LM- 185-2 were moderately resistant to stemphylium blight, where as all the mutants were moderately susceptible to root rot. 
The sesame mutants SM-8, SM-9, SM-001, SM-006 and SM-067 were found moderately resistant to root rot and stem rot. 
Five rapeseed mutants [RM (t)-03, RM (m)-05, RM (d)-07, RM-08 and RM-10] were susceptible to alternaria blight. The check varieties Binasarisha-9 and BARI Sarisha-15 showed moderately susceptible reaction to the disease. In another experiment, dour F5 rapeseed lines, RL-01, RL-03, RL-04 and RL-05) were susceptible to alternaria blight. The line RL-02 and the check varieties Binasarisha-4 and Tori-7 showed moderately susceptible reaction to the disease.
In field evaluation of four soybean mutants (SBM-9, SBM-15, SBM-18 and SBM-22) against collar rot and soybean mosaic, two mutants SBM-9 and SBM-22 along with the check varieties (Binasoyben-1 and Binasoybean-2) were moderately susceptible while SBM-15 and SBM-18 showed susceptible reaction to the collar rot. All the mutants and the check varieties were moderately resistant to soybean mosaic.
In field evaluation of onion mutants (BP2/75/2 and BP2/100/) against purple blotch disease, BP2/75/2 including the check varieties (BARI Piaj-2 and BARI Piaj-5) was moderately susceptible and BP2/100/2 was susceptible to the disease. 



Rice
Evaluation of mutants/advanced lines of rice for bacterial blight and sheath blight during Aman season

Seventeen mutants/advanced lines 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 2016 under inoculated field condition. The experiments were conducted in a randomized block design with three replications at BINA farm, Mymensingh. The unit plot size was 2 m x 2 m. The distance between lines and hills were 20 cm and 15 cm, respectively. Thirty days old seedlings were transplanted in the field. The fertilizers were applied as per recommendations. Ten hills in each plot were inoculated at the booting stage with X. oryae pv. oryzae by clipping method. Similarly, ten hills in each plot were inoculated at the booting stage with seven days old culture of R. solani. 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 at IRRI (2013).

Mean incidences and severities of Bacterial leaf blight and sheath blight were differ significantly among the mutants/lines (Table 1). Mean incidences and severity of BLB ranged from 63.3-100% and 3.0-7.9, respectively. Among the mutants/lines, 3 showed moderately resistant and 11 showed moderately susceptible reaction to bacterial blight. Mean incidences and severity of ShB was ranged 83.3-100% and 1.5-7.3, respectively. Fifteen mutants/lines showed moderately resistant reaction to sheath blight. 















Table 1. Mean incidence and severity of bacterial leaf blight and sheath blight in some advanced mutants/varieties of rice during Aman season of 2016 at Mymensingh
	Mutant/variety
	Bacterial leaf blight
	Sheath blight

	
	Incidence (%)
	Severity (0-9)
	Disease reaction
	Incidence (%)
	Severity (0-9)
	Disease reaction

	B-10
	90.0
	4.0
	MS
	100.0
	2.8
	MR

	B-11
	83.3
	5.7
	S
	96.7
	1.9
	MR

	SH-1
	90.0
	6.3
	S
	100.0
	2.1
	MR

	N4/250/P-2(5)-11-2
	86.7
	5.4
	MS
	100.0
	1.5
	MR

	N4/350/P-5-4
	85.0
	4.3
	MS
	100.0
	2.6
	MR

	N4/350/P-4(5)
	100.0
	5.5
	S
	100.0
	6.3
	S

	RC-2-4-1-2
	100.0
	3.1
	MR
	100.0
	2.9
	MR

	RM-kas-60 (C)-1
	96.7
	4.1
	MS
	100.0
	2.4
	MR

	RM-kas-80 (C)-1
	90.0
	3.1
	MR
	90.0
	2.1
	MR

	BPP-10
	63.3
	5.3
	MS
	100.0
	1.6
	MR

	BPP-50
	86.7
	5.0
	MS
	86.7
	1.9
	MR

	BPP-10-200-1
	76.7
	3.0
	MR
	100.0
	2.1
	MR

	BPP-10-250-5
	100.0
	4.3
	MS
	100.0
	3.1
	MR

	BPP-10-300-2
	100.0
	5.2
	MS
	100.0
	3.0
	MR

	BPP-10-300-4
	100.0
	4.1
	MS
	100.0
	3.7
	MS

	BPP-50-250-2
	83.3
	3.6
	MS
	83.3
	1.5
	MR

	TN-300-4
	80.0
	4.1
	MS
	100.0
	1.8
	MR

	Binadhan-7
	96.7
	4.4
	MS
	96.7
	2.0
	MR

	Binadhan-17
	93.3
	3.1
	MR
	93.3
	3.0
	MR

	BRRI dhan56
	100.0
	5.7
	S
	100.0
	7.3
	S

	TN-1
	100.0
	7.9
	HS
	100.0
	6.5
	S

	LSD (P≥0.05)
	15.3
	3.4
	--
	17.2
	2.7
	--


MR = Moterately resistant, MS= Moderately susceptible, S= Susceptible, HS= Highly susceptible

Evaluation of some promising mutants/advanced lines of rice for bacterial blight and sheath blight during Boro season

Seventeen promising mutants/lines along with three varieties and susceptible check variety were assessed against bacterial leaf blight and sheath blight during Boro season of 2016-17 under inoculated field condition. The experiments were conducted in a randomized complete block design with three replications at BINA farm, Mymensingh. The unit plot size was 2 m x 2 m and spacing between rows and hills were maintained 20 cm and 15 cm, respectively. Forty five days old seedlings were transplanted on 27 January, 2017. The fertilizers were applied as per recommended doses. The inoculation and assessment were carried out similar to previous experiments conducted in Aman season.

Mean incidences and severities of bacterial leaf blight and sheath blight were differ significantly among the mutants/lines (Table 2). Mean incidences and severity of BLB ranged 56.7-100% and 1.5-4.1, respectively. All the mutants and advanced lines were found to be moderately resistant to bacterial blight. Mean severity of ShB ranged 2.0-8.3 (Table 2). Seven mutants/lines were showed moderately resistant and rest 6 mutants showed moderately susceptible reaction to sheath blight. 
Table 2. Mean incidence and severity of bacterial blight and sheath blight of some mutants/advanced lines of rice during Boro season of 2016-17 at Mymensingh

	Mutant/variety
	Bacterial leaf blight
	Sheath blight

	
	Incidence (%)
	Severity  (0-9)
	Disease reaction
	Incidence (%)
	Severity  (0-9)
	Disease reaction

	B-10
	73.3
	1.6
	MR
	100
	5.1
	MS

	B-11
	63.3
	1.5
	MR
	100
	5.7
	S

	SH-1
	76.7
	2.0
	MR
	100
	5.5
	S

	N1/300/P-9-5
	80.0
	1.8
	MR
	100
	5.1
	MS

	N1/250/P-6-2-6-1
	83.3
	1.7
	MR
	100
	5.8
	MS

	N4/250/P-1(2)
	80.0
	1.6
	MR
	100
	6.5
	S

	N4/250/P-2(5)-11-2
	86.7
	2.1
	MR
	100
	4.1
	MS

	N4/250/P-2(6)-26
	66.7
	1.5
	MR
	100
	6.8
	S

	N4/350/P-4(5)
	96.7
	3.1
	MR
	100
	5.8
	MS

	N10/300/P-2-3-5-1
	80.0
	1.9
	MR
	100
	3.1
	MR

	N10/300/P-2-3-5-2
	80.0
	2.3
	MR
	100
	3.0
	MR

	N10/350/P-5-4
	66.7
	1.5
	MR
	100
	5.4
	MS

	RM (2)-50(C)-2-1-1
	70.0
	1.7
	MR
	100
	3.0
	MR

	BPP-10-200-1
	56.7
	1.5
	MR
	100
	2.0
	MR

	BPP-10-250-5
	70.0
	1.3
	MR
	100
	2.9
	MR

	BPP-10-300-2
	63.3
	1.3
	MR
	100
	2.2
	MR

	BPP-10-300-4
	73.3
	1.8
	MR
	100
	2.6
	MR

	Binadhan-10
	80.0
	1.7
	MR
	100
	5.3
	MS

	Binadhan-14
	83.3
	2.1
	MR
	100
	7.9
	HS

	BRRI dhan28 
	96.7
	2.1
	MR
	100
	5.2
	MS

	TN-1
	100.0
	4.1
	MS
	100
	8.3
	HS

	LSD (P≥0.05)
	18.4
	1.7
	--
	NS
	3.5
	--


 MR= Moderately resistant, MS= Moderately susceptible, S= Susceptible, HS= Highly Susceptible                    
 

Wheat 
Study on Morpho-physiological characters of Magnaporthe. oryzae Triticum 
Thirty-four samples (Fig-1) of wheat blast were collected from eight districts viz. Kushtia, Meherpur, Chuadanga, Jhenidah, Jessore, Foridpur, Bhola and Magura.  The pathogen (M. oryzae Triticum) was isolated and purified. Morpho-physiological characters of twelve isolates (Fig-2) of M. oryzae Triticum were studied at laboratory of Bangladesh Institute of Nuclear Agriculture during 2015-16. Potato Dextrose Agar media was used to grow the isolates. The experiment was done following CRD with five replications. The data on colony size, colour and radial growth were collected. Most of the isolate were whitish to blackish colour, regular size and light black in down side colour (Table 3). The radial growth was ranged from 4.71-5.34 (mm/day) and conidia under microscope were found pyriform, 2 septation and three cell (Fig- 2). Mycelial growth was the highest at temperature 22-240C and relative humidity above 80%. Maximum mycelial growth of M. oryzae Triticum in PDA was found at 21-250C temperature and 80% humidity (Fig.3).   
Table 3. : Colony size and colour of different isolates of M. oryzae Triticum in PDA
	Sl No. 
	Colony colour 
	Colony size 
	colony colour
(down side)
	Radial growth (mm/day)

	Isolates-1
	Blackish 
	Regular 
	Light black 
	4.71 

	Isolates-2
	Whitish 
	Regular 
	Light black 
	5.18 

	Isolates-3
	Ash 
	Regular 
	Black 
	5.00 

	Isolates-4
	Whitish 
	Regular 
	Center-black, surrounding- cream black 
	5.34 

	Isolates-5
	Center black, surrounding white 
	Regular 
	Light black 
	5.10 

	Isolates-6
	Center black, surrounding white 
	Regular 
	Black 
	5.00 

	Isolates-7
	Whitish 
	Regular 
	Center black, surrounding cream black 
	4.77 

	Isolates-8
	Ash 
	Regular 
	Black 
	5.00 

	Isolates-9
	Ash 
	Regular 
	Center black, surrounding cream black 
	4.95 

	Isolates-10
	Dark ash 
	Regular 
	Black 
	5.12 

	Isolates-11
	Center black, surrounding blackish 
	Regular 
	Black 
	5.00 

	Isolates-12
	Whitish 
	Regular 
	Center light black, surrounding dark black 
	4.95 
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Fig. 1. Blast infected Wheat samples 
[image: Picture1]
Fig. 2. Pictorial view of colony size on PDA and conidia of M. oryzae Triticum under microscope 

Fig 3. Optimum temperature for mycelial growth of M. oryzae Triticum in PDA at 80% humidity

Koch’s postulates of M.oryzae Triticum on susceptible variety of wheat (BARI Gom-25)

Fourteen isolates of M. oryzae Triticum were inoculated on susceptible variety of wheat (BARI Gom-25) at BINA Farm during the winter season of 2015-16. The experiments were conducted in CRD with three replications. Ten seeds were sown per pot in November 2015. 
The mean incidence of blast ranged from 0.0 to 100% (Table 4). The mean severity of blast ranged from 0.0-100. The isolate-7 was found potential to disease development. The pathogens were isolated again in laboratory and purified. The isolated pathogens were inoculated in the field and their pathogenicity was observed.

Table 4. Disease incidence and severity of different isolates of M. oryzae Triticum 
	Treatment 
	Disease incidence  (%) 
	Disease severity (%) 

	Isolates-1 
	100 
	80 

	Isolates-2 
	100 
	80 

	Isolates-3 
	90 
	70 

	Isolates-4 
	80 
	80 

	Isolates-5 
	80 
	50 

	Isolates-6 
	100 
	90 

	Isolates-7 
	100 
	100 

	Isolates-8 
	25 
	20 

	Isolates-9 
	100 
	80 

	Isolates-10 
	80 
	60 

	Isolates-11 
	90 
	70 

	Isolates-12 
	90 
	70 

	Isolates-13 
	80 
	75 

	Isolates-14 
	85 
	71 

	Control 
	0.0 
	0.0 

	LSD (P≥0.05)
	17.5
	25.2



Test of aggressiveness of M. oryzae Triticum causing blast of wheat
Fourteen isolates of M. oryzae Triticum were inoculated on wheat cultivar, BARI Gom-25 at BINA Farm during the winter season of 2015-16 to assess their aggressiveness. The experiments were conducted at BINA pot yard and arranged in CRD with three replications. Ten seeds were sown in each pot of November 2015. 
The mean incidence of blast ranged from 0.0 to 100% (Table 5). The mean severity of blast ranged from 0.0-4. The isolate-7 was found more aggressive compared to others (Table 5 & Fig. 4). 








Table 5. Aggressiveness of different isolates of M. oryzae Triticum 
	Name of the isolates
	Disease incidence (%)
	Disease severity (0-4)

	Isolate-1 
	20 
	2 

	Isolate-2 
	20 
	2 

	Isolate-3 
	20 
	2 

	Isolate-4 
	60 
	3 

	Isolate-5 
	25 
	3 

	Isolate-6 
	30 
	2 

	Isolate-7 
	100 
	4 

	Isolate-8 
	50 
	3 

	Isolate-9 
	50 
	3 

	Isolate-10 
	50 
	2 

	Isolate-11 
	20 
	2 

	Isolate-12 
	80 
	3 

	Isolate-13 
	80 
	4 

	Isolate-14 
	50 
	2 

	Control
	0 
	0 

	LSD (P≥0.05)
	15.3
	0.7
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Fig. 4. Aggressiveness (lesion size) of M. oryzae Triticum 


Identification of alternative host of wheat blast
Four weeds including rice, maize and wheat were evaluated against the potential isolate-7 of M. oryzae Triticum at BINA pot yard during the winter season of 2015-16 to identify the alternative host of wheat blast. The experiments were conducted in CRD with three replications. 
The blast incidence on Shayma, Khude shayma, Anguli and Chapra ranged from 80 to 95% and severiy ranged from 2 to 3. Shayma, Khude shayma, Anguli and Chapra were identified as the alternative host of M. oryzae Triticum (Table 6 & Fig.5).
[image: DSC_2388]
Fig. 5 . Pictorial view of Alternative hosts of M. oryzae Triticum
Table 6 . Incidence and severity of blast pathogen on alternative hosts 
	Host 
	Blast incidence (%) 
	Severity (0-4) 

	Shayma 
	90 
	2 

	Khude shayma 

	95 
	3 

	Anguli 
	95 
	2 

	Chapra 
	80 
	2 

	Maize 
	0 
	0 

	Rice 
	0 
	0 

	Wheat 
	90 
	3 

	LSD (P≥0.05)
	11.3
	0.8



Study on critical susceptible stage of wheat blast 
An experiment was conducted to evaluate critical susceptible stage of wheat against blast. The experiment was conducted in CRD with three replications at pot yard of BINA. The isolate-7 of M. oryzae Triticum was inoculated on susceptible variety of wheat (BARI Gom-25) at four growing stages during the winter season of 2015-16. Fifteen seeds were sown in each pot during November 2015. 
The mean severity of blast ranged from 32-49. The mean severity of blast was the highest in spike initiation stage to pre-maturing stage (Figs 6 &7).
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Fig. 6. Critical susceptible stage of wheat against blast
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Fig. 7. Blast incidence at different growth stages of wheat

 Screening of seed treating fungicides against M. oryzae Triticum
An experiment was conducted to evaluate the effect of some fungicides at different concentrations against M. oryzae Triticum through seed treatment. The experiment was conducted at Plant Pathology laboratory, BINA during the winter season of 2016. The treatments were : Factor A : 3 fungicides viz. Provax, Bavistin and Trooper and Factors B : 4 doses of each fungicides (Provax- 0.3, 0.25, 0.2, 0.15, Bavistin- 0.2, 0.15, 0.1, 0.05, Trooper- 0.75, 0.7, 0.65, 0.60). The experiments were conducted in CRD with three replications. After treating with fungicide five seeds were sown in each petridish (9 cm) ion PDA. 

The fungicide provax was found the most effective in seed treatment to prevent the growth of M. oryzae Triticum (Table 7 & Fig.8)
Table 7. Effect of fungicides on growth of M. oryzae Triticum in PDA 
	Treatment
	Doses 
(% wt. of seed)
	Radial growth (cm)

	
	
	24 HAI
	36 HAI
	48 HAI
	72 HAI

	Provax 
	T1 = 0.30 
	0 
	0 
	0 
	0 

	
	T2 = 0.25 
	0 
	0 
	0 
	0 

	
	T3 = 0.20 
	0 
	0 
	0 
	0 

	
	T4 = 0.15 
	0 
	0 
	0 
	1.2 

	
	Control 
	1.5 
	1.7 
	2.0 
	3.0 

	
	
	
	
	
	

	Bavistin 
	T1 = 0.20 
	1.2 
	1.3 
	1.5 
	2.0 

	
	T2 = 0.15 
	1.2 
	1.4 
	1.7 
	2.5 

	
	T3 = 0.10 
	1.3 
	1.5 
	2.1 
	2.7 

	
	T4 = 0.05 
	1.5 
	1.8 
	2.2 
	3.0 

	
	Control 
	1.5 
	1.7 
	2.0 
	3.0 

	
	
	
	
	
	

	Trooper 
	T1 = 0.75 
	1.2 
	1.2 
	1.3 
	1.5 

	
	T2 = 0.70 
	1.2 
	1.3 
	1.5 
	2.0 

	
	T3 = 0.65 
	1.3 
	1.5 
	2.0 
	2.0 

	
	T4 = 0.60 
	1.3 
	1.5 
	2.0 
	2.5 

	
	Control 
	1.5 
	1.7 
	2.0 
	3.0 



HAI = Hour After Inoculation 
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Fig. 8. Experimental view of the effect of fungicides on the growth of wheat blast pathogen

Effect of three fungicides against wheat blast
An experiment was conducted at pot yard of BINA to evaluate the effect of three fungicides (Provax, Bavistin and Trooper) against M. oryzae Triticum during the winter season of 2015-16. The experiments were conducted in CRD with three replications. 
Hundred per cent blast incidence was found in the treatment of provax, trooper and control. The fungicide bavistin was comparatively better than others (Table 8 & Fig.9).
Table 8.  Blast incidence and severity against different fungicides
	Treatments 
	Blast incidence (%) 
	Blast severity (0-4) 

	T1 (Provax, 3g/kg seed) 
	100 
	3.5 

	T2 (Bavistin, 2g/kg seed) 
	95 
	3.0 

	T3 (Trooper, 0.75 g/kg seed) 
	100 
	4.0 

	Control 
	100 
	4 .0

	LSD (P≥0.05)
	3.0
	0.4
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Fig 9. The effect of four fungicides in controlling wheat blast

Effect of different plant extracts against M. oryzae Triticum in vitro 
An experiment was conducted under laboratory condition, BINA during the winter season of 2015-16 to evaluate the effect of twelve botanicals and a chemical (Nativo) against M. oryzae Triticum. The experiments were laid out in CRD with three replications. Treatments were mixed with PDA at different concentration and the block of M. oryzae Triticum was placed upside down in the center of the petridish. The radial mycelial growth was recorded three time after 24, 48 and 72 hours and themean was calculated. The mycelial growth was zero in the five treatments such as tulsi, mehendi, dhutara, garlic, mehogoni, nativo. The highest mycelial growth (80mm) was recorded in control (Table 9).

Table 9. Variation in mycelial growth of M. oryzae Triticum due to twelve plant extracts and a chemical

	Sl. No.
	Treatments 
	Radial Mycelial growth (mm) 

	1
	Control
	80

	2
	Neem
	66

	3
	Bishkatali
	18

	4
	Nishinda
	56

	5
	Alamonda
	74

	6
	Accasia
	59

	7
	Tulsi
	0

	8
	Mehendi
	0

	9
	Dhutara
	0

	10
	Bishkochu
	50

	11
	Black cumin
	5

	12
	Garlic
	0

	13
	Mehogoni
	43

	14
	Nativo
	0

	LSD (P≥0.05)
	--
	7.5

	
	
	




Effect of foliar application of five botanicals in controlling wheat blast 

An experiment was conducted at pot yard, BINA to evaluate the effect of five botanicals against wheat blast caused by M. oryzae Triticum during the winter season of 2015-16. The experiments were laid out in CRD with three replications. Extracts of botanicals were sprayed at three growth stages of wheat. 
The highest disease incidence was found in control and the lowest in mehendi and dhutara (Table 10). 


Table 10. Effect of five botanicals on wheat blast disease incidence 
	Treatments 
	Total panicle 
	Healthy panicle
	Diseased panicle

	Garlic 
	11
	9 
	2

	Black cumin 
	11
	8 
	2 

	Dhutara 
	11
	10 
	1 

	Mehendi 
	10
	9 
	1

	Tulsi 
	10
	9 
	2 

	Control 
	11
	3 
	8 

	LSD (P≥0.05)
	-
	3.4
	0.7



Effect of inducer against blast (M. oryzae) under laboratory and pot condition 
An experiment was conducted under laboratory and pot condition to evaluate the effect of three inducers along with one control against M. oryzae Triticum during the winter season of 2015-16. The experiments were laid out in CRD with three replications. Treatments were mixed with PDA at different concentration mentioned below and the block of M. oryzae Triticum was placed upside down in the center of the petridis. The radial mycelial growth was recorded three times after 24, 48 and 72 hours and mean was calculated. The same concentrations were used in foliar spray at pot experiment and per cent disease severity was taken at seedling, vegetative, heading and pre-maturing stage.  
The mycelial growth was zero in three inducers. The highest growth (5.4mm/day) was recorded in control. In foliar spray, the highest disease severity was found in control and lowest was in chitosun.  (Table 11 & Figs. 10, 11 and 12).

Table. 11 . Effect of  inducer against mycelial growth of M. oryzae in PDA
	Treatments 
	Mycelial growth (mm/Day)

	Control 
	5.4 

	Chitosun          (4g/L )
	0.0 

	Salicylic acid   (9ml/L )
	0.0 

	Benzoic acid    ( 9ml/L)
	0.0 

	LSD (P≥0.05)
	4.7
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Fig. 10. Pictorial view of three  inducer against M. oryzae 
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Fig. 11. Effect of inducer in foliar spray against wheat blast at 4 growth stages
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Fig. 12. Development of disease symptom of wheat blast at plant growth chamber
Irradiation of wheat seeds and growing of M1 population
Seeds of four varieties of wheat such as Shatabdi, Bari Gom-25, Bari Gom-26, Bari Gom-29 and Bari Gom-30 were exposed to 100, 150, 200, 250 and 300 Gy of gamma rays for creating variability. The irradiated seed were grown at BINA farm, Mymensingh with recommended cultural practices. Seeds from matured spike were collected for raising M2 population in the next year (Fig. 13). 
[image: D:\DownlodFile\Desktop\Camera\Field\DSC_0017.JPG]
Fig. 13. Field view of growing of M1 population from irradiated seeds of four varieties of wheat
Evaluation of nine wheat varieties to identify the source of resistant against wheat blast under inoculated condition.

An experiment was conducted to evaluate nine varieties of wheat against blast. The selected potential isolate-7 of M. oryzae Triticum was inoculated at heading stage. To create favorable condition of blast the pots were covered with polyethylene sheet. 
Disease severity and incidence were found higher in all the varieties (Table 12). 
Table. 12. Mean incidence and severity of blast on nine varieties of wheat under inoculated condition

	Variety 
	Disease Incidence (%)
	Severity (0-4)

	Shatabdi 
	100
	4

	Bijoy 
	100
	4

	Prodip 
	100
	4

	BARI Gom-25 
	100
	4

	BARI Gom-26 
	100
	3

	BARI Gom-27 
	100
	3

	BARI Gom-28 
	100
	3

	BARI Gom-29 
	100
	4

	BARI Gom-30 
	100
	4

	LSD (P≥0.05)
	-
	0.8




Screening of exotic germplasms of wheat against blast 
A field experiment was conducted to evaluate 23 exotic germplasms along with 2 check varieties of wheat against blast. No blast incidence was found under natural condition. Seeds of all germplasms were collected and preserved for next year experiment to identify the resistant source of wheat blast under inoculated condition (Fig. 14). 
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Fig. 14. Exotic germplasms along with 2 check varieties of wheat

Screening of exotic germplasms of wheat against blast under laboratory condition 
An experiment was done for screening exotic germplasms of wheat against blast under  laboratory condition. Most of the germplasms were found tolerant to M. oryzae Triticum (Fig. 15).    
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Fig 15. Development of Blast disease symptom on wheat leaf at laboratory condition 
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 Ishurdi during the winter season of 2016-17 under inoculated condition. The experiments were conducted in randomized complete block design with three replications. The seeds were sown in rows on last week of November, 2016. Distances between rows and seeds were maintained 30 cm and 5 cm, respectively.
 
The mean severity of root rot and botrytis gray mould ranged from 20.5 to 70.4% and 3 to 5%, respectively. The mutant CPM (BR)-7-400 was moderately resistant to root rot and botrytis gray mould (Table 13) and  the rest were moderately susceptible to susceptible. 

Table 13. 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 severity 
(1-9)
	Disease reaction

	CPM-8-400
	65.9
	S
	5
	MS

	CPM-8-300
	70.4
	S
	5
	MS

	CPM (BR)-7-400
	20.5
	MR
	3
	MR

	Binasola-8
	50.5
	S
	5
	MS

	BARI Chola-7
	70.2
	S
	5
	MS

	LSD (P≥0.05)
	13.5
	-
	0.7
	-


 MR= Moderately resistant, MS= Moderately susceptible

Lentil 
Evaluation of lentil mutants against root rot and stemphylium blight

Six advanced mutants along with three 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 2016-17. 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 30 to 40% and 18.9 to 50.2%, respectively. Al the mutants were moderately susceptible to root rot (Table 14). The mean severity of stemphylium blight ranged from 2 to3. The mutants LM-118-9, LM-138-3 and LM- 185-2 were moderately resistant to stemphylium blight and the rest mutants were moderately susceptible to the disease (Table 14). 

Table 14. 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-156-1
	30
	MS
	25.2
	3
	MS

	LM-118-9
	30
	
	20.3
	2
	MR

	LM- 138-3
	30
	
	20.5
	2
	MR

	LM-206-5
	30
	
	20.5
	3
	MS

	LM-185-2
	40
	
	30.4
	2
	MR

	LM-99-4
	40
	
	20.1
	3
	MS

	Binamasur-2
	30
	
	18.9
	2
	MR

	Binamasur-5
	30
	
	50.2
	3
	MS

	BARI masur-5
	30
	
	25.2
	2
	MR

	LSD (P≥0.05)
	5.2
	
	7.3
	0.7
	-


MS = Moderately Susceptible, MR = Moderately Resistant

Mungbean
Evaluation of some promising mungbean mutants against cercospora leaf spot and yellow mosaic
Five promising mutant along with three check varieties of mungbean were assessed for their resistance to Cercospora leaf spot (Cercospora sp.) and mungbean yellow mosaic (YMV) at Magura in kharif-1 season of 2017 under natural field condition. The experiment was conducted in a randomized complete block design with four replications. The seeds were sown on 25 March and the unit plot size was 3m × 3m. The recommended doses of fertilizer were applied and normal cultural practices were followed. The incidence and severities of YMV and CLS were recorded at pod ripening stage. 
The mean incidence and severity of cercospora leaf spot ranged from 23.3 to 33.3% and 3.0 to 4.0, respectively (Table 15). All the mutants were showed moderately susceptible reaction to cercospora leaf spot. The mean incidence and severity of yellow mosaic ranged from 2.0 to 8.4 and 5.0, respectively. All the mutants were showed moderately susceptible reaction to yellow mosaic. 


Table 15. Mean incidence and severity of cercospora leaf spot and mungbean yellow mosaic of mungbean mutants at Magura in 2017
	 Mutant/variety
	Cercospora leaf spot
	Yellow mosaic

	
	Incidence (%)
	Severity (0-8)
	Incidence (%)
	Severity (0-8)

	MBM-07(g)-2
	26.7
	3.7
	3.7
	5.0

	MBM-07-Y-2 
	26.3
	4.0
	4.5
	5.0

	MBM-347-13
	23.3
	3.0
	2.0
	5.0

	MBM-427-8-3
	23.3
	3.0
	2.0
	5.0

	MBM-656-51-2
	31.7
	3.3
	2.8
	5.0

	Binamoog-8
	21.7
	3.0
	2.3
	5.0

	BARI Moog-6
	33.3
	3.3
	2.1
	5.0

	BARI Moog-1
	25.0
	3.7
	8.4
	5.0

	LSD (P≥0.05)
	5.2
	NS
	1.2
	NS



Rapeseed

Field evaluation of rapeseed mutants against alternaria blight

Five rapeseed mutants [RM (t)-03, RM (m)-05, RM (d)-07, RM-08 and RM-10] along with two check varieties, Binasarisha-9 and BARI Sarisha-15 were tested against alternaria blight (Alternaria brassicae) under natural field condition at BINA farm, Mymensingh during the winter season of 2016-17. 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, 2016 at Mymensingh and on 11 November, 2016 at Ishurdi. The severity scale 0-5 was followed for assessing the disease at early pod maturity stage.
 
Table 16. Response of mutants/varieties of rapeseed to alternaria blight at Mymensingh during winter season of 2016-17

	Mutants/
variety
	Alternaria blight

	
	LAD (%)
	Disease severity
(0-5)
	Disease
 reaction

	RM (t)-03
	30.0
	4
	S

	RM (m)-05
	33.3
	4
	S

	RM (d)-07
	39.0
	4
	S

	RM-08
	36.3
	4
	S

	RM-10
	35.1
	4
	S

	Binasarisha-9
	19.2
	3
	MS

	BARI Sarisha-15
	17.0
	3
	MS

	LSD (P≥0.05)
	5.4
	0.8
	


LAD= Leaf Area Diseased, MS= Moderately susceptible, S= Susceptible 
All the mutants of rapeseed were susceptible to alternaria blight. The check varieties Binasarisha-9 and BARI Sarisha-15 showed moderately susceptible reaction to the disease (Table 1).
Field evaluation of rapeseed mutants (F5) against alternaria blight
Five rapeseed lines (RL-01, RL-02, RL-03, RL-04 and RL-05) along with two check varieties, Binasarisha-4 and Tori-7 were evaluated against alternaria blight (Alternaria brassicae) under natural field condition at BINA farm, Mymensingh and BINA substation Farm, Ishurdi during the winter season of 2016-17. The experiments were conducted in a randomized complete block design with three replications in collaboration with Plant Breeding Division, BINA. The severity scale 0-5 was followed for assessing the disease at early pod maturity stage (Table 17). 

All the lines except RL-02 were susceptible to alternaria blight at Mymensingh and Ishhurdi. The mutant RL-02 was moderately susceptible to the disease at Ishurdi. The check varieties Binasarisha-4 and Tori-7 showed moderately susceptible reaction to the disease in both locations (Table 17).

Table 17. Response of rapeseed lines to alternaria blight at Mymensingh and Ishurdi during winter season of 2016-17

	Mutants/
variety
	Mymensingh
	Ishurdi

	
	LAD (%)
	Disease severity
(0-5)
	Disease reaction
	LAD (%)
	Disease severity
(0-5)
	Disease reaction

	RL-01
	35.0
	4
	S
	32.4
	4
	S

	RL-02
	32.3
	4
	S
	18.5
	3
	MS

	RL-03
	34.0
	4
	S
	30.8
	4
	S

	RL-04
	32.3
	4
	S
	29.6
	4
	S

	RL-05
	33.1
	4
	S
	25.3
	4
	S

	Binasarisha-4
	20.0
	3
	MS
	19.6
	3
	MS

	Tori-7
	16.6
	3
	MS
	20.3
	3
	MS

	LSD (P≥0.05)
	5.4
	0.7
	
	3.3
	0.5
	


LAD= Leaf Area Diseased, MS= Moderately susceptible, S= Susceptible 

Irradiation of seeds and growing of M1 generation of mustard

This experiment was carried out with a view to induce resistance against alternaria blight (Alternaria brassicae) of mustard. Dry seeds of BARI Sarisha15 were exposed to 150, 200, 250, 300, 350, 400 and 450 Gy from 60Co source at Bangladesh Institute of Nuclear Agriculture (BINA). Immediately after irradiation the seeds were sown at BINA Head Quarter farm, Mymensingh on 3 November 2016. The non irradiated seeds (control) of the variety were also included. For each treatment two lines of 3m were maintained. Recommended dose of fertilizer were applied along with necessary inter cultural operations. The experiment was harvested on 16 January 2017 and M2 seeds of each plant were collected.
Sesame

Evaluation of some advanced mutants of sesame against foot and root rot and stem rot

Five mutants along with two check varieties of sesame were assessed against root rot (Sclerotium rolfsii) and stem rot (Macrophomina phaseolina) at Magura and Mymensingh under natural condition. The experiments were conducted in a randomized complete block design with three replications. The seeds were sown in rows 30 cm apart on 25 March. The incidence and severity of root rot and stem rot was recorded at maximum pod maturing stage.

All the mutants were found to be moderately susceptible to root rot disease (Table 18). The incidence of stem rot disease ranged from 3.8 to 11.2%. 

Table 18. Evaluation of some advanced mutants of sesame against foot and root rot and stem rot at Magura and Mymensingh during 2017

	Mutants/varieties
	Root rot severity (0-4 scale)
	Stem rot (%)

	
	Magura
	Mymensingh
	Magura

	SM-8
	3
	3
	8.2

	SM-9
	3
	3
	11.1

	SM-001
	3
	3
	3.8

	SM-006
	3
	3
	8.3

	SM-067
	3
	3
	6.8

	Binatil-1
	3
	3
	11.2

	Binatil-3
	3
	3
	6.4

	LSD (P≥0.05)
	NS
	NS
	3.4



Soybean
Field evaluation of soybean mutants against collar rot and soybean mosaic
Four mutants (SBM-9, SBM-15, SBM-18, SBM-22) along with two check varieties Binasoybean-1 and Binasoybean-2 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 under natural field condition. The unit plot size was 3 m × 2 m. The experiment was conducted in randomized complete block design with three replications at BINA farm, Mymensingh. Seeds were sown on 20 December 2017 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 44.5 to 71.2%. The mutants SBM-9 and SBM-22 along with check varieties (Binasoybean-1 and Binasoybean-2) were moderately susceptible to collar rot. The mutants SBM-15 and SBM-18 showed susceptible reaction to the disease. The incidence of soybean mosaic ranged from 8.3 to10.2%. All the mutants along with check varieties (Binasoybean-1 and Binasoybean-2) were moderately resistant to soybean mosaic (Table 19).
Table 19. Disease reaction of some mutants and varieties of soybean against collar rot and soybean mosaic at Mymensingh during 2017
	Mutants/
variety
	Collar rot
	Soybean mosaic

	
	Disease incidence (%)
	Disease severity
(0-9)
	Disease reaction
	Disease incidence (%)
	Disease severity
(0-9)
	Disease reaction

	SBM-9
	48.1
	6
	MS
	8.3
	3
	MR

	SBM-15
	68.0
	8
	S
	10.1
	3
	MR

	SBM-18
	71.2
	8
	S
	8.8
	3
	MR

	SBM-22
	49.8
	6
	MS
	9.8
	3
	MR

	Binasoybean-1
	47.4
	6
	MS
	10.2
	3
	MR

	Binasoybean-2
	44.5
	6
	MS
	9.3
	3
	MR

	LSD (P≥0.05)
	14.5
	NS
	
	3.4
	NS
	


MR= Moderately resistant, MS= Moderately susceptible, S= Susceptible 

Onion

Evaluation of onion mutants against purple blotch disease

Two mutants (BP2/75/2 and BP2/100/2) and two check varieties (BARI Piaj-2 and BARI Piaj-5) were evaluated against purple blotch disease (Alternaria porri) under natural field condition during winter season of 2016-17. An experiment was conducted at BINA Head quarter farm, Mymensingh with complete block design having three replications. Unit plot size was 2.5 m × 2.0 m. Line to line spacing was 25 cm and plant to plant the spacing was 20 cm. Transplanting was done on 26 December. 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 20). 



Table 20. Disease reaction of two mutants and two check varieties of onion to purple blotch at Mymensingh during winter season of 2016-17

	Mutants/ varieties
	Purple blotch disease

	
	Disease incidence %
	Disease severity  (0-5)
	Disease reaction

	BP2/100/2
	100
	3
	MS

	BP2/75/2
	100
	4
	S

	BARI Piaj-2
	100
	3
	MS

	BARI Piaj-5
	100
	3
	MS

	LSD (P≥0.05)
	NS
	0.7
	


MS= Moderately susceptible, S= Susceptible

Disease incidence of the mutants and the check varieties was 100%. The mutant BP2/100/2 including the check varieties (BARI Piaj-2 and BARI Piaj-5) was moderately susceptible to purple blotch disease (Table 20). The mutant BP2/75/2 was susceptible to the disease. 

Jute

Irradiation of seeds and growing of M1 generation of jute

This experiment was carried out with a view to induce resistance against stem rot (Macrophamina phaseolina) of jute. Dry seeds of four varieties of tosha jute( Corchorus olitorius) (varieties: O-72, O-795, O-9897, O-3820  and JRO-524) were exposed to 100, 200, 300, 350, 400, 450, 500, 550 and 600 Gy from 60Co source in Bangladesh Institute of Nuclear agriculture (BINA). Immediately after irradiation the seeds were sown at BINA Head Quarter farm, Mymensingh on 28 August 2016. The non irradiated seeds (control) of the varieties were also included. Recommended dose of fertilizer were applied along with necessary inter cultural operations. The experiment was harvested on 20 December 2016 and M2 seeds of each plant were collected.

Biological control of root rot caused by Fusarium solani using Trichoderma based bio-fungicide
An experiment was conducted using Trichoderma based bio-fungicide to control root rot caused by Fusarium solani of lentil, chickpea, soybean and tomato at the farm of BINA following RCBD with three replications during winter season of 2016-17. Replication to replication and plot to plot distance were 1meter. Inter cultural operation and irrigation were applied when necessary. The data were collected on root rot incidence of lentil, chickpea, soybean and tomato (Table 21).
The incidence of treated plot of lentil, chickpea, soybean and tomato were 22, 19.9, 34.42 and 9.34 % respectively, where the incidences of untreated plot were 29.94, 31.2, 54.06 and 21.34, respectively. The incidences of treated plots with Trichoderma based bio-fungicide were lower than untreated plots (control). Grain weight of treated plot was higher than untreated plot. 

Table 21. Effect of Trichoderma based bio-fungicide on incidence of root rot of lentil, chickpea, soybean and tomato 
	Crops 
	Treatment
	Disease incidence (%)
	Grain weight (g/m2)

	Lentil
	Treated with Bio-fungicide 
	22.0
	174.9

	
	Control (untreated)
	29.9
	5.46

	Chickpea
	Treated with Bio-fungicide
	19.9
	145.3

	
	Control (untreated)
	31.2
	90.9

	Soybean
	Treated with Bio-fungicide
	34.4
	60.5

	
	Control (untreated)
	54.1
	31.9

	Tomato
	Treated with Bio-fungicide
	9.3
	113

	
	Control (untreated)
	21.3
	92.0



Conclusion
Higher grain weight and lower disease incidence in lentil, chickpea, soybean and tomato were found when bio-fungicide was applied against root rot disease. 


 ENTOMOLOGY DIVISION
Research Highlights 
Five advanced mutants of aman rice were found moderately susceptible to brown plant hopper under artificial infested condition.
Significant differences were observed among the two tested mutant/variety of aman rice with respect to stem borer infestation, but the infestation was below the economic injury level. 
Yield and predatory spider population were compared in insecticide treated and without insecticide in rice field. Statistically identical yield of rice and predatory spider population were recorded from the insecticide treated and untreated rice field. 
Significant differences were observed between the two tested variety of boro rice with respect to stem borer infestation, but the infestation was below the economic injury level. 
Significant differences were observed among the tested lines of brinjal with respect to brinjal shoot and fruit borer. The lowest shoot borer infestation was observed in the line Ind M3D75P27 (8.96%) followed by Ind M3D75P36 (10.08%). 
No significant differences were observed among the three lines of tomato against fruit borer infestation.  
No significant differences were observed between two mutant/lines of chickpea against the pod borer at Chapainawabganj but not at Ishurdi. 
Significant differences were observed among the four mutants of summer mungbean with respect to pod borer, jassid and white fly infestation at Ishurdi and Magura. The lowest pod borer infestation was observed in the mutant MBM-427-87-3 (7.98%). Jassid and white fly infestation differed significantly among the tested mutants at both locations but the infestations were very low.  
Significant differences were observed among the soybean mutants/varieties with respect to leaf roller and pod borer infestation. The lowest pod borer, leaf roller and hairy caterpillar infestation were observed in the mutant SBM-9 (0.70%), SBM-9 (3.33%) and SBM-22 (9.02%) respectively.
Significant differences were observed among the groundnut mutants/varieties with respect to hairy caterpillar, leaf roller, white fly and jassid infestation at BINA farm, Mymensingh. The lowest jassid, white fly, hairy caterpillar and leaf roller infestation were observed in the mutant Mut-3 (3.56%), Mut-79-71 (0.00%), Mut-79-71 (9..08%) and Mut-3 (14.38%) respectively.
Significant differences were observed among the three tested mutants of mustard with respect to aphid infestation, but the infestation was very low (below 5%) at two locations.

Evaluation of advanced mutants of aman rice against brown plant hopper under artificial infested condition 

Five advanced mutants of rice, viz. Kasalath, LD-200-1-3-3, N4/350/P-4(5), 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 during aman season of 2016. The experiment was laid out in a completely randomized design with three replications. Data were recorded during seedling stage, analyzed statistically and presented in Table 1.

Tested five advanced mutants of rice were found moderately susceptible to brown plant hopper under artificial infested condition.

Table 1. Mean infestation of advanced mutants of aman rice against brown plant hopper under artificial infested condition 
 
	Mutants/Varieties 
	Damage Scale (0-9)
	Level of resistance

	Kasalath
	5
	MS

	LD-200-1-3-3
	5
	MS

	N10-40(c)-1-5
	5
	MS

	N4/350/P-4(5)
	5
	MS

	N10/350/P-5-4 
	5
	MS

	TN1(Susceptible check)
	7
	S

	T27A(Resistant check)
	1
	T



MS=Moderately Susceptible, T= Tolerant, S=Susceptible

Evaluation of aman rice mutant/variety against yellow stem borer (Scirpophaga incertulas)  
One variety of rice, Binadhan-17 and one advanced mutant, RC-2-4-1-2 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 aman 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 statistically and presented in Table 2.

Significant differences were observed between two tested mutant/variety of rice with respect to stem borer infestation, but the infestation was below the economic injury level. 

Table 2. Mean infestation of aman rice mutant/variety against stem borer under field condition
	Mutants/Varieties
	% dead heart
	% white head

	RC-2-4-1-2 (Iron rice)
	0.12d
	0.78c

	Binadhan-17
	0.15c
	0.98b

	TN1 (Susceptible check)
	1.15a
	1.91a

	TKM6 (Resistant check)
	0.18b
	0.11d

	LSD (0.05)
	0.052
	0.061


Values in a column having common letter(s) do not differ significantly at 5% level of probability.
Effects of insecticide on rice yield and predatory spiders 
Yield and predatory spider population were compared in rice field treated with insecticide and without insecticide at BINA farm, Mymensingh during boro season, 2016-17. Susceptible rice cultivar, TN1were planted row to row and hill to hill both at 20cm distance. Granular insecticide, Virtako-40WG was sprayed at maximum tillering stage. The experiment was laid out in a completely randomized block design with three replications. Predatory spider population were collected by sweeping and caging after 2 days of spraying from treated and untreated plot (3m x 4m). Rice yield was adjusted at 12% moisture. Data were analyzed statistically and presented in Figure 1.

Statistically identical yield of rice and spider population were recorded from the insecticide treated and untreated rice field. 

[image: ]
Figure 1. Comparison of effects of insecticide and without insecticide on yield and predatory spiders in rice field.

Susceptibility of different varieties of boro rice to yellow stem borer (Scirpophaga incertulas)  

Two boro varieties of rice, viz. Binadhan-17 and Binadhan-18 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 2017 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 statistically and presented in Table 4.

Significant differences were observed between two tested varieties of rice with respect to stem borer infestation, but the infestation was below the economic injury level. 


Table 4. Mean infestation of boro rice mutant/variety against yellow stem borer under field condition
	Varieties
	% dead heart
	% white head

	Binadhan-17
	0.16c
	0.95b

	Binadhan-18
	0.18b
	0.89c

	TN1 (Susceptible check)
	2.15a
	2.95a

	TKM6 (Resistant check)
	0.23b
	0.21d

	LSD (0.05)
	0.041
	0.034

	Values in a column having common letter(s) do not differ significantly at 5% level of probability.




Susceptibility of different lines of brinjal to brinal shoot and fruit borer (BSFB), Leucinodes orbonalis

Six advanced lines of brinjal viz. Ind M3D75P27, Ind M3D75P29, Ind M3D75P30, Ind M3D75P36, Ind M3D75P46 and Ind M3D75P49 were tested against brinjal shoot and fruit borer under field condition. The experiment was laid out in a completely randomized block design with three replications during kharif season of 2016-2017 at BINA Farm Mymensingh. No protective measure was taken to control the insect pests. Data were recorded from vegetative stage to fruiting stage and analyzed statistically and presented in Table 5.

Significant differences were observed among the lines of brinjal with respect to brinjal shoot and fruit borer. The lowest shoot borer infestation was observed in the line Ind M3D75P27 (8.96%) followed by Ind M3D75P36 (10.08%). The highest fruit borer infestation was observed in the line Ind M3D75P49 (35.15%) followed by Ind M3D75P46 (29.98%) and Ind M3D75P30 (28.25%) respectively. 


Table 5. Mean infestation of brinjal lines against brinjal shoot and fruit borer under field condition
	Lines
	% infestation

	
	Shoot borer 
	Fruit borer

	Ind M3D75P27
	8.96c
	21.13c

	Ind M3D75P29
	13.59bc
	27.26ab

	Ind M3D75P30
	13.78bc
	28.25ab

	Ind M3D75P36
	10.08bc
	22.24bc

	Ind M3D75P46
	21.67a
	29.98ab

	Ind M3D75P49
	16.67b
	35.15a

	Control 
	25.19a
	21.48c

	LSD (0.05)
	7.22
	5.94


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Screening of different lines of tomato against tomato fruit borer (Helicoverpa armigera)

Three advanced mutants of tomato viz. HM-2722, HM-2853 and Philli-2 were tested against fruit borer under field condition. The experiment was laid out in a completely randomized block design with three replications during rabi season of 2016-17 at BINA farm Mymensingh. No protective measure was taken to control the insect pests. Data were recorded during fruiting stage and analyzed statistically and presented in Table 6.

No significant differences were observed among the three mutants of tomato against fruit borer infestation.  
Table 6. Mean infestation of tomato mutants against tomato fruit borer under field condition 
	Mutants
	Fruit borer infestation (%)

	
	

	HM-2722
	0.68

	HM-2853
	0.64

	Philli-2
	1.93

	LSD (0.05)
	NS





Evaluation of different mutants of chickpea against pod borer (Helicoverpa armigera)
Two mutants of chickpea, viz. CPM-8-200 and CPM-8-300 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 2016-17 at Ishurdi and Chapainawabganj. No protective measure was taken to control the insect pests. Data were recorded during fruiting stage and analyzed statistically and presented in Table 7.

No Significant differences were observed between the two mutants of chickpea against the pod borer at Chapainawabganj but not at Ishurdi. The lowest pod borer infestation was observed in the line CPM-8-200 (20.04%) and followed by CPM-8-300 (23.63%) respectively.

Table 7. Mean infestation of chickpea mutants against pod borer under field condition
	Mutant/Lines
	Pod borer infestation (%)

	
	Ishurdi
	Chapainawabganj

	CPM-8-200
	11.56
	20.04

	CPM-8-300
	10.66
	23.63

	Binasola-7 (Check)
	11.45
	22.37

	Binasola-8 (Check)
	11.10
	18.41

	LSD (0.05)
	NS
	NS



Screening of different summer mungbean mutants against jassid, whitefly and pod borer (Helicoverpa armigera)

Four mutants of summer mungbean, viz. MBM-07-Y-2, MBM-07-(S)-2, MBM-427-87-3 and MBM-656-51-2 were tested along with two check Binamoog-8 and BARImoog-6 against pod borer, jassid and whitefly under field condition. The experiment was conducted in a randomized complete block design with three replications at 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 the percentage of pod borer infestation before harvest. The data were analyzed statistically and presented in Table 8. 
Significant differences were observed among the four mutants of summer mungbean with respect to pod borer, jassid and white fly infestation at Ishurdi and Magura. The lowest pod borer infestation was observed in the mutant MBM-427-87-3 (7.98%) and followed by MBM-07-Y-2 (8.01%) at Magura. The lowest jassid infestation was observed in the mutant MBM-656-51-2(0.60%) at Ishurdi. At both location, white fly infestation was below the economic injury level.  
Table 8. Mean infestation of summer mungbean mutants against pod borer, jassid and whitefly under field condition
	Mutant/Lines
	% infestation

	
	Pod borer
	Jassid
	Whitefly 

	
	Ishurdi 
	Magura
	Ishurdi 
	Magura
	Ishurdi 
	Magura

	MBM-07-Y-2
	12.058a
	8.01b
	1.07a
	0.76b
	0.20a
	0.00c

	MBM-07-(S)-2
	10.05b
	13.42a
	1.20a
	0.96b
	0.06c
	0.11b

	MBM-427-87-3
	8.24b
	7.98b
	0.87b
	0.73b
	0.13b
	0.85a

	MBM-656-51-2
	8.85b
	12.10a
	0.60c
	0.20c
	0.20a
	0.15b

	Binamoog-8 (Check)
	7.85c
	9.58b
	0.93b
	0.60b
	0.06c
	0.19b

	BARImoog-6 (Check)
	12.63a
	12.73a
	1.13a
	1.13a
	0.20a
	0.12b

	LSD (0.05)
	3.86
	4.54
	0.95
	0.36
	0.05
	0.04


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Evaluation of different soybean mutants against leaf roller, hairy caterpillar and pod borer (Helicoverpa armigera)

Three advanced mutants and two check varieties of soybean were evaluated against leaf roller, hairy caterpillar and pod borer in the field at BINA farm, Mymensingh and BINA substation farm, Comilla. The experiments 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 was recorded from 10 randomly selected plants per plot. All the data were analyzed statistically and presented in Table 9.

Significant differences were observed among the mutants/varieties with respect to leaf roller and pod borer infestation. The lowest pod borer, leaf roller and hairy caterpillar infestation were observed in the mutant SBM-9 (0.70%), SBM-9 (3.33%) and SBM-22 (9.02%) respectively.
Table 9. Mean infestation of soybean mutants against leaf roller, hairy caterpillar and pod borer under field condition
	Mutants
	% infestation

	
	Pod borer 
	Leaf roller 
	Hairy caterpillar

	
	Mymensingh
	Comilla
	Mymensingh
	Comilla
	Mymensingh
	Comilla

	SBM-9
	1.34
	0.70 c
	3.33 c
	5.30 b
	19.65 
	9.77 

	SMB-18
	0.87
	2.32 a
	3.78 c 
	6.26 ab
	22.22 
	9.25

	SMB-22
	0.82 
	1.59 b
	4.89 b
	6.37 ab 
	24.44 
	9.02

	Binasoyabean-1 
	1.15
	1.36 b
	6.45 a
	7.72 a
	24.44 
	10.91

	BARIsoyabean-5 
	1.08
	1.22 b
	6.44 a
	5.60 b
	18.22 
	10.81

	LSD (0.05)
	NS
	0.73
	1.89
	0.90
	NS
	NS


Values in a column having common letter(s) do not differ significantly at 5% level of probability.
Screening of different groundnut mutants against leaf roller, hairy caterpillar, white fly and jassid 

Five advanced mutants and two check varieties of groundnut were evaluated against white fly, hairy caterpillar, leaf roller and jassid in the field at  BINA farm, Mymensingh and  BINA substation farm, Ishurdi. The experiments were laid out in a randomized complete block design with three replications. Data on hairy caterpillars and leaf roller were recorded from infested plant. 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. All the data were analyzed statistically and presented in Table 10.

Significant differences were observed among the mutants/varieties with respect to hairy caterpillar, leaf roller, white fly and jassid infestation at BINA farm, Mymensingh. The lowest jassid, white fly, hairy caterpillar and leaf roller infestation were observed in the mutant Mut-3 (3.56%), Mut-79-71 (0.00%), Mut-79-71 (4.37%) and Mut-3 (9.08%) respectively.
Table 10. Mean infestation of groundnut mutants against leaf roller, hairy caterpillar, white fly and jassid under field condition
	Mutants
	% infestation

	
	Jassid 
	White fly
	Hairy caterpillar
	Leaf roller 

	
	Mymensingh
	Ishurdi
	Mymensingh
	Ishurdi
	Mymensingh
	Ishurdi
	Mymensingh
	Ishurdi

	D1/25/33
	4.22 cd
	4.56
	0.59 b 
	0.11
	43.58 abc
	5.50
	24.46 a
	18.21

	D1/15/34
	5.11 b
	5.00
	0.67 ab
	0.22
	47.34 ab
	4.29
	22.93 a
	10.92

	PK1/15/69
	4.11 cd
	5.89
	0.55 bc
	0.78
	34.67 c
	5.95
	19.75 b
	11.85

	Mut-3
	3.56 d
	4.22
	0.73 a
	0.56
	35.31 bc
	4.77
	14.38 c
	9.08

	Mut-79-71
	4.44 bc
	5.22
	0.00 d
	0.44
	31.48 c
	4.37
	15.16 c
	10.11

	Binabadam-4
	6.89 a
	8.56
	0.44 c
	0.78
	48.12 a
	7.03
	21.60 a
	15.15

	LSD (0.05)
	0.80
	NS
	0.12
	NS
	11.68
	NS
	3.69
	NS


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Screening of mustard mutants against aphid (Lipaphis erysimi)

Three mutants of mustard along with two check variety Binasharisha-7 and 9 were evaluated against mustard aphid in the field at two locations BINA farm, Mymensingh and BINA sub-station farms Nalitabari. 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 11.

Significant differences were observed among the three tested mutants of mustard with respect to aphid infestation, but the infestation was very low (below 5%) at two locations.

Table 11. Mean infestation of mustard mutants against aphid under field condition
	Mutants
	% infestation

	
	Mymensingh
	Nalitabari

	MM-35
	2.48 b
	0.00 

	MM-36
	2.47b
	1.23 

	MM-37
	4.13 a
	0.00 

	Binasarisha-7 (check)
	4.77 a
	1.46 

	Binasarisha-9 (check)
	4.34 a
	0.32

	LSD (0.05)
	0.92
	NS


Values in a column having common letter(s) do not differ significantly at 5% level of probability.

Population dynamic of insect pest in relation to weather parameter

One light trap was used near the rice field of BINA farm, Mymensingh during July, 2016 to May, 2017. The following insects were collected using one light trap and presented in Table 12. The highest number (22437) of GLH and the highest number (5277) of BPH were collected in November 2016. The highest number (135) of rice stem borer and the highest number (9) of jute hairy caterpillar were collected in May 2017.
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Table 12. Population dynamic of insect pest in relation to weather parameter

	Month
	GLH
	BPH
	WLH
	Rice stem borer
	Ear wig
	Moth (Big size)
	Moth (Small size)
	Lady bird beetle
	Ground beetle
	Grass hopper
	Rice bug
	Dragon fly
	Carabid beetle 
	Mole cricket 
	Jute hairy caterpillar 
	Red cotton bug
	Honey bee
	Stink bug
	Dung beetle
	Field cricket
	May beetle
	Termite 
	Jaint water bug
	Fire fly

	July/2016
	85
	0
	131
	0
	13
	15
	32
	1
	25
	3
	1
	1
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found

	Aug/2016
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found

	Sep/2016
	360
	0
	75
	1
	61
	18
	59
	2
	8
	22
	0
	2
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found

	Oct/2016
	22437
	424
	4021
	2
	76
	208
	367
	19
	72
	41
	11
	15
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found

	Nov/2016
	7825
	5277
	2778
	12
	712
	184
	422
	8
	42
	0
	20
	2
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found

	Dec/2016
	10
	19
	247
	4
	1904
	51
	189
	1
	21
	1
	3
	0
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found

	Jan/2017
	70
	12
	0
	12
	442
	26
	111
	0
	6
	0
	0
	0
	14
	4
	4
	3
	0
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found
	Not found

	Feb/2017
	0
	0
	3
	0
	239
	10
	57
	0
	6
	0
	0
	0
	9
	0
	5
	1
	3
	12
	0
	0
	0
	0
	0
	1

	Mar/2017
	7
	0
	8
	4
	195
	48
	61
	0
	18
	0
	0
	0
	10
	0
	4
	4
	0
	13
	0
	1
	0
	128
	0
	1

	Apr/2017
	634
	0
	321
	40
	28
	39
	114
	9
	41
	0
	4
	0
	53
	1
	0
	31
	128
	6
	62
	2
	34
	1
	1
	0

	May/2017
	89
	6
	259
	135
	50
	59
	477
	15
	45
	43
	17
	0
	137
	1
	9
	12
	152
	0
	1
	4
	6
	562
	0
	1
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Some sesame mutants survived under natural rainfall (which caused water-logged condition) and produced seed (M2 generation). 

Three years average groundwater recharge rate at Mymensingh location was found as 228.7 mm.year-1 under tracer technique; and 141.7 mm.year-1 under water balance method.

From two years study with 18, 24, and 36 hrs water-logging, the following conclusions can be made for water-logging tolerance of sesame varieties and mutants:
Effects of water-logging on a particular growth stage or particular duration of seed yield depends on pre- and post- water logging rainfall amount.
Binatil-2 and Binatil-3 showed consistently good seed yield (1.5 – 1.6 t/ha) under water-logging at flowering and mid pod-formation stage for 24- 36 hrs. 
The mutants SM-8 and SM-9 produces moderate seed yield (1.1 – 1.3 t/ha)  under 24- 36 hrs water-logging at early and pod-formation stage. 

From two years study of saline irrigation management for wheat, the following conclusions can be made:
Medium saline irrigation (7-8 dS m-1) couple with intermittent fresh-water (rain-water harvested in pond) irrigation produce good yield (4.0-4.4 t.ha-1) of wheat cultivars Binagom-1 and BARI gom 25.
High saline irrigation (9-12 dSm-1) at CRI, late-tillering, and booting-heading stages along with 50% excess  Gypsum and Potash application (ref. dose: BARI gom 25) produces reasonable yield (~3.0 t.ha-1).
From two years study of saline irrigation along with water deficit in wheat, it is revealed that the cultivar BARI gom 25 and Binaghom-1 can be irrigated at 55% soil moisture depletion and with irrigation water salinity of 3.0 - 6.0 dS m-1.

For irrigation management of Aman rice mutants and Binadhan-17, for the following conclusions can be made:
Binadhan-17 produced the highest mean yield over locations and treatments  
The mutant N4/350/P-4(5) and N4/250/P-1(2) produced good yield over locations and irrigation management options  






PROGRAM AREA:  CROP IMPROVEMENT 

DEVELOPMENT OF WATER-LOGGED TOLERANT SESAME CULTIVAR

Objective: To develop water-logged tolerant sesame cultivar

Rational:
It is a national demand to develop water-logged 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.
Status:     2nd  year

Growing M2 generation of sesame mutants

Objective: To develop water-logged tolerant sesame cultivar

Methods:
Growing season:                  March, 2017 – June, 2017
Growing environment:        In lysimeter, under natural rainfall condition 

Results:
Some mutants were sown in Lysimeter and successfully produced seed (M2 population). But we could not sow seeds in the field due to lack of “Field capacity” condition caused by early monsoon rainfall.
Some mutants survived under natural rainfall and produced seed. Characteristics of the mutants are given in Table 1.1. 

Table 1.1.  Main features of the harvested mutants.

	Mutant ID
	Plant ht., cm
	Branch/
plant
	Siliqua/
plant
	Seed/
plant, g
	Days to maturity

	76
	109
	6
	103
	22.0
	102

	69
	95
	6
	48
	22.5
	102

	93
	116
	5
	72
	17.7
	102

	42
	100
	5
	61
	22.3
	107

	71
	76
	3
	86
	12.0
	102

	77
	100
	3
	27
	16.1
	107

	62
	129
	5
	76
	17.9
	102

	88
	98
	6
	91
	45.2
	107

	79
	129
	4
	56
	23.7
	102

	85
	120
	5
	79
	12.5
	107

	59
	95
	6
	75
	18.5
	102


Conclusion: The mutants 76, 69, 93, 42, 71, 77, 62, 88, 79, 85, and 59 survived under natural rainfall condition.

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:        3rd year
Methods:
A- Tracer method
Chloride tracer was applied as a pulse at 20cm depth within the soil profile (in the field). Infiltration of precipitation transports the tracer downward. The subsurface distribution of applied tracers was determined in October by digging 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   =      ………………….(1)                       
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           ………………….(2.1)

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 SCS method  
The USDA-SCS runoff equation is (USDA-SCS 1985):

   			              ………………….(2.2)
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)]:


                 ………………….(2.3)
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                                ……………(2.4)

where: Pm is the monthly rainfall,  ETmp is the monthly potential evapotranspiration. 
       

Results:
The recharge rate found using tracer and water balance method for the year 2014, 2015, and 2016 are summarized in Table 2.1.



Table 2.1. Recharge rates under different methods and years

	Year
	Rainfall, mm
	Recharge rate, mm.yr-1
	Recharge rate, % of rainfall
	Average recharge rate, mm.yr-1

	
	
	Tracer
	Water balance
	Tracer
	Water balance
	Tracer
	Water balance

	2014
	1916
	196
	139
	10.2
	7.3
	228.7
	141.7

	2015
	2068
	257
	156
	12.4
	7.5
	
	

	2016

	1934
	233
	130
	11.0
	6.7
	
	



The recharge rate found using tracer technique ranged from 196 mm to 257 mm under the rainfall range of 1916 mm to 2068 mm, which in terms of percentage of rainfall, ranged from 10.2% to 12.4%.
The recharge rate found using water balance method ranged from 130 mm to 156 mm under the rainfall range of 1916 mm to 2068 mm, which in terms of percentage of rainfall, ranged from 6.7% to 7.5%.

When averaged over years, the recharge rate under tracer technique was found as 228.7 mm/year; and 141.7 mm under water balance method.


Conclusion
The three years average of recharge rate at Mymensingh location was found as 228.7 mm/year under tracer technique; and 141.7 mm under water balance method.



DRAINAGE MANAGEMENT FOR SESAME
Response of sesame mutants to water-logging at different growth stages   
Objective
The objectives of the study were to observe the response of sesame to water-logging, and to determine the critical stage(s) of sesame for water-logging.
Location:  Magura Sub-station
Status:  3rd year 
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 (water-logging) were: T1 = Control (no water-logging), T2  = Water-logging at early stage (15 -20 DAS) for 24 hours, T3 = Water-logging at vegetative stage (30 -35 DAS) for 24 hours, T4= Water-logging at early flowering stage (40 -45 DAS)  for 24 hours, T5 = Water-logging 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).  

Results
 The mean seed yield over locations and years is presented in Table 3.1. It is revealed that irrespective of water-logging time, the cultivar Binatil-2 and Binatil-3 performed better than the others. 
Table 3.1.  Mean yield (kg.ha-1) over locations and years 
	Treat-ment
	Culti- var
	Magura- 2017
	Magura- 2016
	Mym-2016
	Mym-2015
	Average

	T1
	V1
	354
	1451
	1525
	819
	1037

	
	V2
	465
	1451
	1290
	776
	996

	
	V3
	244
	1303
	1453
	772
	943

	
	V4
	500
	1911
	1600
	897
	1227

	
	V5
	330
	1599
	1511
	737
	1044

	T2
	V1
	431
	1333
	1497
	525
	946

	
	V2
	410
	1377
	1444
	440
	918

	
	V3
	531
	1081
	1439
	569
	905

	
	V4
	531
	1481
	1607
	826
	1111

	
	V5
	410
	1703
	1471
	558
	1036

	T3
	V1
	417
	1214
	1186
	574
	848

	
	V2
	486
	1168
	1015
	531
	800

	
	V3
	583
	1170
	1106
	612
	868

	
	V4
	507
	1244
	1186
	719
	914

	
	V5
	510
	1259
	1275
	535
	895

	T4
	V1
	528
	1762
	1054
	427
	943

	
	V2
	424
	1703
	1059
	547
	933

	
	V3
	458
	1496
	1275
	530
	940

	
	V4
	438
	1585
	1145
	716
	971

	
	V5
	403
	1570
	1254
	681
	977

	T5
	V1
	532
	1748
	1521
	638
	1110

	
	V2
	542
	1659
	1460
	545
	1051

	
	V3
	382
	1599
	1319
	666
	992

	
	V4
	574
	1585
	1648
	706
	1128

	
	V5
	493
	1540
	1585
	715
	1083



Response of sesame mutants to water-logging for different durations
Objective
The objectives of the study were to observe the response of sesame to water-logging, and to determine the critical stage(s) of sesame for water-logging. 
Location:  Magura Sub-station
Status:  3rd year 
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   = Water-logging at early stage (15-20 DAS) for 18 hours, T2   = Water-logging at early stage (15-20 DAS) for 36 hours (1.5 days),   T3 = Water-logging at vegetative stage (30-35 DAS) for 18 hours, T4 = Water-logging at vegetative stage (30-35 DAS) for 36 hours, T5= Water-logging at early flowering stage (40-45 DAS) for 18 hours,  T6= Water-logging at early flowering stage (40-45 DAS) for 36 hours, T7 = Water-logging at mid pod formation stage (50-55 DAS) for 18  hrs, T8 = Water-logging 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 yield over locations and years is presented in Table 4.1. It is revealed that irrespective of water-logging duration at different growth stages, the cultivar Binatil-2 and Binatil-3 performed better consistently than the others except in T2, T5 and T8 treatments. 

Conclusion

From two years study with 18, 24, and 36 hrs water-logging, the following  conclusions can be made:

· Effects of water-logging on a particular growth stage or particular duration of seed yield depends on pre- and post- waterlogging rainfall amount.
· Binatil-2 and Binatil-3 showed consistently good seed yield (1.5 – 1.6 t/ha) under water-logging at flowering and mid pod-formation stage for 24- 36 hrs. 
· The mutants SM-8 and SM-9 produces moderate seed yield (1.1 – 1.3 t/ha) under 24- 36 hrs water-logging at early and pod-formation stage. 



Table 4.1.  Mean yield (kg.ha-1) over locations and years 

	
	Magura-2017
	Magura-2016
	Mym-2016
	Mym-2015
	Mean


	T1
	V1
	524
	1111
	1912
	713
	1065

	
	V2
	694
	1400
	1864
	795
	1188

	
	V3
	857
	1192
	1852
	799
	1175

	
	V4
	667
	1481
	1948
	750
	1212

	
	V5
	806
	1585
	1977
	729
	1274

	T2
	V1
	292
	1748
	1543
	595
	1044

	
	V2
	210
	1703
	1524
	739
	1044

	
	V3
	283
	1348
	1112
	844
	897

	
	V4
	444
	1533
	1325
	768
	1018

	
	V5
	361
	1096
	1609
	566
	908

	T3
	V1
	368
	1200
	1185
	639
	848

	
	V2
	295
	1021
	1185
	486
	747

	
	V3
	333
	829
	1059
	462
	671

	
	V4
	417
	814
	1652
	539
	856

	
	V5
	451
	992
	1466
	625
	884

	T4
	V1
	337
	607
	977
	649
	643

	
	V2
	416
	689
	1318
	479
	725

	
	V3
	431
	592
	1037
	735
	699

	
	V4
	360
	711
	1297
	680
	762

	
	V5
	458
	933
	1263
	613
	817

	T5
	V1
	269
	1733
	1318
	681
	1000

	
	V2
	389
	1718
	1360
	774
	1060

	
	V3
	701
	1614
	1178
	733
	1057

	
	V4
	317
	1392
	1504
	730
	986

	
	V5
	431
	1392
	1455
	613
	973

	T6
	V1
	750
	1155
	1304
	212
	855

	
	V2
	589
	1444
	1354
	207
	899

	
	V3
	679
	1274
	1126
	223
	826

	
	V4
	787
	1644
	1481
	246
	1039

	
	V5
	1107
	1436
	1192
	215
	988

	T7
	V1
	639
	1392
	1489
	628
	1037

	
	V2
	847
	1481
	1674
	621
	1156

	
	V3
	947
	1600
	1398
	618
	1141

	
	V4
	833
	1807
	1600
	646
	1222

	
	V5
	946
	1540
	1615
	812
	1228

	T8
	V1
	864
	2044
	1674
	739
	1330

	
	V2
	1081
	1348
	1708
	722
	1215

	
	V3
	962
	1525
	1439
	687
	1153

	
	V4
	864
	1592
	1586
	660
	1175

	
	V5
	924
	1459
	1714
	672
	1192




DEVELOPMENT OF APPROPRIATE WATER MANAGEMENT PRACTICES FOR INCREASING WATER PRODUCTIVITY IN SALINE AREA

Irrigation management for wheat 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:  3rd  year

Methods 
The experiment was conducted at Vatkhali, Shamnagor Upazila, Satkhira.  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 were as follows:Treatment ID
	dS of irri. water
	    S, K
	 Organic   
   Matter
	Irrigation at

	
	
	
	
	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

	T11
	9 - 12
	Y
	Y
	1(S, K)
	1
	1 (S, K)
	-


N = No, Y = Yes,  
‘1’ means one irrigation at this stage with mentioned water salinity
S = Excess gypsum @ 50% of normal dose, in 2 equal splits (as specified)
K = Excess MP@ 30% of normal dose, in 2 equal splits (as specified)
Organic matter:  Cowdung  @ 5.0  t.ha-1             
The recommended fertilizers were (as of BARI gom 25): Urea, Triple Super Phosphate (TSP), Muriate of Potash (MP), and Gypsum at the rate of 200, 180, 115, and 130 kg.ha-1 respectively. 

The cultivars were: V1 = Binagom-1, and V2 = BARI ghom 25 (as check). 

The seeds of wheat were sown on 30 November, 2016. Treatments were imposed accordingly. The grain weight was adjusted to 12% moisture.
 
Results 
The effect of treatments under each level of variety is reported in Table 5.1.  The highest grain yield (for both the varieties) was recorded in treatment T8, where intermittent freshwater (pond water) irrigation (at late-tillering and flowering- soft-dough stage) was applied, along with mild saline irrigation at CRI and booting-heading stage.  This treatment was statistically similar with all except T1 for variety V1, and all except T1, T2, and T5 for variety V2. In T4 and T9, organic matter (OM) was applied in addition to S and K; but the OM did not have any remarkable influence on grain yield. When considering among T3 and T4, they produced almost similar yield in case of V1; but in V2, a bit higher in T4, indicating that saline irrigation at flowering – soft-dough stage did not bring any benefit, rather reduce yield. 

When considered among T5, T6, and T7 (where one irrigation was omitted at different stages), they are statistically similar. The treatment T5 produced the lowest yield for V2 cultivar, in which irrigation was omitted at booting-heading stage.  
When compared among T10 and T11 (high saline irrigation, 12 dSm-1), they are statistically similar, but the T11 produced a little higher grain yield, indicating that high saline irrigation at flowering – soft-dough stage (in T10) may affect yield adversely (which is also evident from T3 for both the years). 
The yield variations among the years may be due to variations in micro-climate (including rainfall), soil condition (EC and nutrient), and their interactions. 
The results revealed that substituting a part or all (except pre-sowing irrigation) with saline water having an electrical conductivity (ECiw) of 6-7 dSm-1is possible for cultivation of wheat. Similarly, saline water with ECiw ranging between 9-12 dSm-1could be used to supplement 3 irrigations to obtain reasonable yield (~ 80% of optimum).
The amount of rainfall and its distribution during crop period are depicted in Fig.5.1. The irrigation amount under each treatment, irrigation water productivity (IWP), and yield reduction compared to T8 are presented in Table 5.2. During 2016-17, the highest IWP was associated with T2 treatment, which received lowest irrigation water coupled with lower yield. Higher IWP values itself does not bring any benefit if it is not associated with higher or reasonable yield.
The groups T3- T8 and T8 – T9 showed moderate IWP couple with moderate yield. Among the group T10 – T11, the T11 produced 2nd highest IWP for V1 and highest for V2.




Conclusion
From two years study, the following conclusions can be made:
(1) Medium saline water irrigation (7-8 dSm-1) couple with intermittent fresh-water irrigation produce good yield (4.0-4.4 t/ha) of wheat cultivars.
(2) Irrigation with high saline water (9-12 dSm-1) at CRI, late-tillering, and booting-heading stages along with excess gypsum and K-application produces reasonable yield.
(3) Irrigation with medium saline water(7-8 dSm-1) at CRI, late-tillering, and booting-heading stages along with excess gypsum and K-application produces reasonable yield.
(4) Saline water irrigation at flowering -  soft-dough stage of growth does not bring any benefit to grain yield.

Table 5.1. Mean effects of irrigation treatments and cultivars on yield of wheat during 2016-17

	Treatment
	Grain yield (t. ha-1)

	
	V1= Binaghom-1
	V2= BARI ghom-25

	T1
	1.97  b
	2.55  c 

	T2
	3.21 ab
	2.71  bc

	T3
	3.47  a
	3.49  abc

	T4
	3.44  a 
	3.73  abc

	T5
	3.65  a
	2.96  bc

	T6
	3.81  a
	3.65  abc

	T7
	3.68  a
	3.90  ab

	T8
	4.02  a
	4.09  a

	T9
	3.41  a 
	3.70  abc

	T10
	3.14  ab
	3.29  abc

	T11
	3.15  ab
	3.33  abc

	THSD(0.05)
	-
	-



Note:   THSD = Tukeys’s Honest Significant Difference. Means with the same letter are not significantly (statistically) different at 5% probability level by THSD test.             








Table 5.2. Irrigation water, and water productivity under different irrigation treatments  
	Treat-ments 
	2015-16 (V2)
	2016-17 (V1)
	2016-17 (V2)

	
	IW,
cm
	IWP, kg/
ha-cm
	YR (%)
	IW (cm)
	IWP (kg/
ha-cm)
	YR (%)
	IW (cm)
	IWP (kg/
ha-cm)
	YR (%)

	T1
	8
	0.374
	33
	8
	0.246
	51
	0.319
	38
	0.319

	T2
	8
	0.381
	31
	8
	0.401
	20
	0.339
	34
	0.339

	T3
	16
	0.219
	21
	16
	0.217
	14
	0.218
	15
	0.218

	T4
	12
	0.305
	18
	12
	0.287
	14
	0.311
	9
	0.311

	T5
	12
	0.258
	30
	12
	0.304
	9
	0.247
	28
	0.247

	T6
	12
	0.307
	17
	12
	0.318
	5
	0.304
	11
	0.304

	T7
	12
	0.242
	35
	12
	0.301
	10
	0.308
	10
	0.308

	T8
	16
	0.278
	-
	16
	0.251
	-
	0.256
	-
	0.256

	T9
	16
	0.260
	7
	16
	0.230
	8
	0.244
	5
	0.244

	T10
	16
	0.176
	37
	16
	0.196
	22
	0.206
	20
	0.206

	T11
	-
	-
	-
	12
	0.263
	22
	0.278
	19
	0.278


Note: IW = Irrigation water used, IWP= Irrigation water productivity, YR= Yield reduction

 [image: ]
Fig.5.1. Rainfall during growing period
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  (FAO-IAEA/CRP/BGD-17732)
Objective:
The objective was to identify appropriate irrigation management practice for wheat under saline condition. 
Methods:
The experiment was conducted at Vatkhali, Shamnogor, Satkhira (farmer’s  field). The test variety was BARIghom-25. The experimental design was RCBD, with 3 replications. The irrigation treatments were:
T1 = Farmer’s practice with 3 dSm-1saline water (2 irri., at 30 and 50 DAS)

T2 = Irrigation at 35%  depletion of PAW with 3 dSm-1saline water 
T3 = Irrigation at 35%  depletion of PAW with 6 dSm-1saline water 
T4 = Irrigation at 35%  depletion of PAW with 9 dSm-1saline water 

T5 = Irrigation at 55%  depletion of PAW with 3 dSm-1saline water 
T6 = Irrigation at 55%  depletion of PAW with 6 dSm-1saline water 
T7 = Irrigation at 55%  depletion of PAW with 9 dSm-1saline water 

T8 = Irrigation at 75%  depletion of PAW with 3 dSm-1saline water 
T9 = Irrigation at 75%  depletion of PAW with 6 dSm-1saline water 
T10 = Irrigation at 75%  depletion of PAW with 9 dSm-1saline water 

where, PAW = Plant available soil water (i.e. FC – WP)
DAS = Days after sowing
The seeds were sown on November, 2016, and harvested on March 7, 2017. 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 parameters were recorded at harvest time. The statistical analyses were performed using “STAR” statistical software of IRRI.

Results:
There was no rainfall within physiological maturity of the crop. The pattern of soil salinity throughout the growing season under different treatments is depicted in Fig.6.1 and Fig.6.2.
The mean effects of irrigation treatments on yield parameters and grain yield are presented in Table 6.1. The treatments showed insignificant difference in yield parameters except plant height. The grain yield showed significant difference. In general, there is a decreasing trend of grain yield with the increasing soil moisture depletion level and increasing salinity level of irrigation water. The highest grain yield was obtained at 55% depletion of soil moisture along with 3dSm-1salinity levels, which is statistically similar with all but T10. The crop water use and water use efficiency under different treatments are summarized in Table 6.2. The water productivity showed the highest value in T5 treatment followed by T1. 
Conclusion:
From the two years results of yield, irrigation water and salinity level, it can be said that, the tested cultivar can be irrigated at 55% soil moisture depletion and with irrigation water salinity of 3.0 - 6.0 dSm-1.

Table 6.1.  Mean effects of treatments on yield parameters 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
	85.5  ab
	3.8
	8.2
	27.8
	48.8
	2.86 ab
	1.8

	T2
	87.7  a
	4.1
	7.8
	28.7
	42.7
	3.51 ab
	2.0

	T3
	81.1  ab
	4.2
	8.0
	30.3
	51.4
	3.44 ab
	2.2

	T4
	81.8  ab
	3.8
	7.6
	29.9
	50.0
	3.37 ab
	2.1

	T5
	85.5 ab
	4.0
	8.3
	30.1
	51.9
	3.57 a
	2.0

	T6
	80.5 ab
	4.2
	7.8
	25.3
	52.0
	3.42 ab
	1.9

	T7
	84.9 ab
	3.5
	7.8
	28.5
	49.2
	2.97 ab
	1.9

	T8
	81.3 ab
	3.9
	7.9
	28.9
	50.2
	3.06 ab
	2.1

	T9
	79.7 b
	3.7
	8.3
	32.6
	51.3
	2.94 ab
	2.3

	T10
	79.5 b
	3.9
	9.3
	34.0
	49.9
	2.62 b
	2.5

	 THSD (5%)
	
	NS
	NS
	NS
	NS
	 
	NS


Note: THSD = Tukeys’s Honest Significant Difference Test
Means with the same letter are not statistically different at 5% probability level.
Table 6.2. Water use and water productivity of wheat under different treatments
	Treat-ments
	IR
(cm)
	Re
(cm)
	ΔSM
(cm)
	ET
(cm)
	Y
(t/ha)
	WP
(kgha-1-mm)
	IWP
(kgha-1-mm)

	T1
	12.18
	0
	4.4
	16.5
	2.86
	17.3
	23.5

	T2
	18.24
	0
	5.1
	23.3
	3.51
	15.0
	19.2

	T3
	18.82
	0
	4.7
	23.5
	3.44
	14.7
	18.3

	T4
	18.15
	0
	3.9
	22.1
	3.37
	15.3
	18.6

	T5
	17.72
	0
	2.1
	19.8
	3.57
	18.0
	20.1

	T6
	18.06
	0
	1.7
	19.7
	3.42
	17.3
	18.9

	T7
	16.32
	0
	2.9
	19.2
	2.97
	15.5
	18.2

	T8
	17.92
	0
	2.8
	20.7
	3.06
	14.8
	17.1

	T9
	17.94
	0
	2.3
	20.3
	2.94
	14.5
	16.4

	T10
	18.53
	0
	1.9
	20.4
	2.62
	12.8
	14.1


Note: IR = Irrigation amount, Re  =  Effective rainfall, ΔSM = Change in soil moisture, ET = Crop evapotranspiration, WP = Water productivity, IWP = Irrigation water productivity
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Fig.6.1.  EC of soil during growing period (T1 – T5)
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Fig.6.2.  EC of soil during growing period (T6 – T10)
IRRIGATION MANAGEMENT FOR CEREALS
Supplemental irrigation management for Aman rice mutants in drought prone area  
Objectives:
- To study the response of Aman rice mutants to water-stress
- To determine the critical stage(s) of Aman mutants to water-stress
- To develop appropriate water management strategy for the mutants                                    
Methods:
The experiment was conducted at Nacho (Chapainawabgonj) and Tanore (Rajshahi).  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 = Binadhan-17, V5 = BRRI dhan-56 (Check), V6 = N4/250/P-1(2). The seedlings were transplanted on 9 Aug., 2016.   
At Nachol and Sub-station Chapai Nawabgonj, no additional irrigation (except 10 cm for land preparation) was needed.  At Tanor, irrigation amount under T1, T3, T4 and T5 were 35, 15, and 10 cm, respectively.
Results:
The mean yield under different treatments is presented in Table 7.1. The irrigation management treatments showed significant yield difference at Tanor; while the cultivars showed significant difference at Tanor and Nachol. The overall yield at Tanor was lower than the other locations.
The interactions and mean yield over locations are presented in Table 7.2.  The cultivar Binadhan-17 (V4) produced the highest mean yield under all treatments except T1 (where produced the second highest). The mutant N4/350/P-4(5) [V1] produced the second highest yield under T2 and T3. The mutant N4/250/P-1(2) [V6] produced the second highest yield under T4 and T5.
From the result of this year, it is revealed that:
1. Binadhan-17 produced the highest mean yield over locations and treatments  
1. The mutants N4/350/P-4(5) and N4/250/P-1(2) produced good yield over locations and treatments  




Table 7.1. Mean effects of treatments (irrigation managment. and cultivars) on grain yield  
	 Irrigation mgt.
	Grain yield (t/ha)

	
	Nachol  
	Tanor
	Chapai Sub-station

	T1
	4.04
	2.88  a
	3.98

	T2
	3.96
	2.71  a
	4.53

	T3
	4.28
	2.65  ab
	4.15

	T4
	4.27
	2.44  b
	4.61

	T5
	4.50
	2.66  ab
	4.93

	LSD(0.05)
	NS
	
	NS

	Cultivars

	V1
	4.81  a
	2.79  ab
	3.82

	V2
	3.17  c
	2.55  c
	4.65

	V3
	3.64  b
	2.44  c
	4.42

	V4
	4.87  a
	2.95  a
	4.70

	V5
	4.56  a
	2.91  a
	3.93

	V6
	-
	2.36  c
	5.13

	THSD(0.05)
	
	
	 


Note:   
LSD = Least Significant Difference test
THSD = Tukeys’s Honest Significant Difference test
Means with the same letter are not significantly (statistically) different
             
Table 7.2. Interaction of treatment and cultivars, and average yield over locations
	Treatment
	Cultivar
	Nachol
	Tanore
	Substation-Chapai
	Mean
grain yield

	T1
	V1 
	4.79
	3.13
	4.76
	4.23

	
	V2
	3.44
	2.68
	3.94
	3.35

	
	V3
	2.95
	2.69
	3.24
	2.96

	
	V4
	4.95
	3.12
	4.08
	4.05

	
	V5
	4.07
	2.91
	3.67
	3.55

	
	V6
	-
	2.75
	4.21
	3.48

	T2
	V1 
	4.56
	2.50
	4.35
	3.80

	
	V2
	2.66
	2.65
	5.36
	3.56

	
	V3
	3.54
	2.59
	4.22
	3.45

	
	V4
	4.70
	3.13
	4.83
	4.22

	
	V5
	4.35
	3.14
	3.81
	3.77

	
	V6
	-
	2.22
	4.62
	3.42

	T3
	V1 
	5.03
	2.77
	3.49
	3.76

	
	V2
	3.07
	2.49
	4.39
	3.32

	
	V3
	3.62
	2.52
	4.47
	3.54

	
	V4
	5.09
	3.07
	3.60
	3.92

	
	V5
	4.60
	2.87
	3.77
	3.75

	
	V6
	-
	2.17
	5.17
	3.67

	T4
	V1 
	4.90
	2.73
	3.68
	3.77

	
	V2
	3.13
	2.33
	3.90
	3.12

	
	V3
	3.81
	2.11
	4.54
	3.49

	
	V4
	5.01
	2.52
	5.30
	4.28

	
	V5
	4.51
	2.75
	4.56
	3.94

	
	V6
	-
	2.19
	5.71
	3.95

	T5
	V1 
	4.77
	2.82
	2.82
	3.47

	
	V2
	3.57
	2.59
	5.64
	3.94

	
	V3
	4.30
	2.27
	5.66
	4.08

	
	V4
	4.61
	2.93
	5.67
	4.40

	
	V5
	5.24
	2.87
	3.83
	3.98

	
	V6
	-
	2.48
	5.95
	4.21















AGRONOMY DIVISION
Researach Highlights 
Time of transplanting trial of Nerica mutants in aman season at Nachole, Chapainawabgong stated that  Binadhan-17 produced the maximum yield (5.70 t ha-1) at July 21 followed by N4/350/P-4(5) (5.01 t ha-1) and BRRI dhan48 (4.65 t ha-1).

Grain and straw yield were increased in ridge and furrow (each furrow 30 cm wide accommodating 3 lines) method with 150 kg ha-1 gypsum and 10 kg ha-1 silicon  (30.84% and 32.04%) as compared to the traditional  method.
 
Two rice–based cropping patterns (i) pattern 1: T. aman rice (Binadhan-10)–Soyabean (Binasoyabean-2)–Aus rice (BRRI dhan48) and (ii) pattern 2: T. aman rice (Binadhan-10)–Ground nut (Binachinabadam-6)-Fallow, using BINA varieties were assessed at four saline prone locations at  i) Chakoria, Cox's bazar ii) Subarnachar, Noakhali  iii) Daganbhuia, Feni  and iv) Shymnagar, Satkhira districts of Bangladesh. Total gross return, total gross margin income and BCR were 3,17,720 Tk ha-1, 1,66,424 Tk ha-1 and 2.10 respectively and extra income was 94,205 Tk ha-1 in improved cropping pattern-1 compared to farmer’s existing cropping pattern. On the other hand, extra income was 1,48,801 Tk in cropping pattern-2.

Herbicide trial in boro season showed that, among different herbicides, Abolish 20 WP 865g ha-1 performed the best in all other herbicides.

Four Boro rice varieties viz. Binadhan-5, Binadhan-6, Binadhan-10 and Binadhan-18 were evaluated under high temperature (300c) at panicle initiation stage. The highest grain yield were found in Binadhan-6 (65.64 and 62.94 g pot-1) both ambient and high temperature followed by Binadhan-5 (59.14 and 55.76 g pot-1). Binadhan-6 seems to be tolerant to high temperature (300c) compared to other varieties.

Study on determination of optimum spacing for growth and yield of lentil lines/variety revealed that the yield of LM-156-1 was the highest (1.88 t ha-1) at 20 cm spacing at BINA substation Magura.
During 2016-17 a total of 58.04 tons seeds of different crop varieties of BINA were produced and procured. Among them rice were about 44.00 tons, mustard 4.81 tons, chickpea 1.15 tons, summer moog 2.00 tons, lentil 2.00 tons andsesame 1.18 tons.

Effect of date of transplanting on the yield and yield contributing characters of Nerica rice mutants/variety in aman season at drought prone areas
Four advanced mutant lines were evaluated compared with two check variety with four dates of transplanting during aman season at drought prone areas of BINA Sub-station, Chapainawabgonj. The objective was to evaluate the yield performances of mutant lines as affected by different dates of transplanting. The four dates of transplanting were July 21, August 08, August 18, Sept. 09 and the advanced mutants lines were N4/350/P-4(5), N10/350/P-5-4, N4/250/P-1(2), N4/250/P-2(6)-26 and the check variety were Binadhan-17 and BRRI dhan48. Twenty five days old seedlings were transplanted in a randomized complete block design with three replications. The unit plot size was 5 m × 4 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 grain yield of July 21 transplanting was the highest (4.03 t ha-1) where as August 8 transplanting produced the lowest grain yields (3.38 t ha-1) (Table 1). Among the mutant lines/varieties, Binadhan-17 produced the highest grain yield (4.92 t ha-1) followed by BRRI dhan48. The data recorded on crop duration from transplanting to maturity revealed that the advanced mutant line N4/250/P-1(2) required the least average 106 days and the Binadhan-17 required maximum average 114 days. The interaction results showed that the Binadhan-17 produced the maximum yield (5.70 t ha-1) at July 21 followed by N4/350/P-4(5) (5.01 t ha-1) and BRRI dhan48 (4.65 t ha-1).


Table 1. Effect of date of transplanting on the yield and yield contributing characters of Nerica 
               rice mutants/variety in aman season at drought prone area
	 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)
	Days 
 to
maturity

	Dates of transplanting
July. 21 (D1)
Aug. 08 (D2)
Aug. 18 (D3) 
Sep. 09 (D4)
	
103
91.0
90.5
82.8
	
10.0
10.2
8.44
12.2
	
23.09
23.30
20.73
22.10
	
139.8
117.4
111.7
109.8
	
11.16
18.65
16.63
21.01
	
23.85
22.95
22.30
22.25
	
4.03
3.38
3.44
3.82
	
5.59
6.13
4.71
4.80
	
106
104
107
115

	LSD0.05
	2.6
	0.86
	0.75
	9.80
	1.19
	0.73
	0.21
	NS
	1.14

	Mutants/Varieties
N4/350/P-4(5) (V1)
N10/350/P-5-4 (V2) 
N4/250/P-1(2)  (V3) 
N4/250/P-2(6)-26(V4) 
Binadhan-17 (V5)
BRRI dhan48 (V6)
	
92.4
83.1
96.1
97.7
88.6
92.2
	
9.05
11.6
11.0
9.90
9.76
9.97
	
21.37
22.70
22.28
23.03
22.54
21.93
	
113.8
101.9
101.7
99.40
153.5
109.5
	
15.17
17.55
14.48
14.23
25.90
13.85
	
22.00
21.80
21.80
21.60
23.02
22.04
	
4.37
3.80
3.72
3.53
4.92
4.52
	
4.96
5.30
4.78
5.22
6.11
5.47
	
108
106
106
106
114
109

	LSD0.05
	1.6
	1.06
	0.92
	12.08
	1.46
	0.89
	0.42
	0.72
	1.40

	Dates ×Varieties
D1V1
D1V2
D1V3
D1V4
D1V5
D1V6
D2V1
D2V2
D2V3
D2V4
D2V5
D2V6
D3V1
D3V2
D3V3
D3V4
D3V5
D3V6
D4V1
D4V2
D4V3
D4V4
D4V5
D4V6
	
89.8
102
92.4
85.7
82.4
93.8
79.9
76.3
99.0
107
97.4
81.4
93.6
110
99.9
87.5
89.6
95.8
88.7
80.5
91.7
107
84.9
85.2
	
9.33
8.27
8.00
10.6
13.7
10.1
8.87
13.6
9.93
11.6
9.40
13.0
9.47
9.67
7.67
12.8
7.67
10.6
8.27
12.5
10.1
10.7
8.47
10.6
	
22.67
22.93
18.40
21.47
23.40
23.47
21.53
22.40
23.50
22.67
21.27
21.67
24.40
23.77
21.33
22.60
22.87
23.83
20.87
22.60
21.73
23.13
21.00
21.87
	
141.0
135.9
101.0
125.4
142.3
133.3
98.60
101.6
99.90
101.3
101.8
105.5
99.80
107.7
92.70
101.6
110.5
101.5
101.8
94.00
94.30
98.80
102.2
101.5
	
14.40
16.20
11.93
18.13
16.80
22.67
10.27
20.47
13.93
16.07
13.67
14.27
20.53
17.13
8.20
11.07
32.73
37.80
8.60
24.47
13.53
16.20
14.27
11.40
	
23.25
23.20
23.10
22.80
24.01
23.80
22.78
22.80
22.50
22.30
23.95
23.90
22.70
22.85
22.90
22.33
23.25
22.80
22.45
22.50
22.30
22.10
23.50
23.40
	
5.01
4.39
3.47
4.25
5.70
4.65
3.33
3.78
3.46
3.63
4.98
4.81
3.87
3.27
3.07
3.92
4.24
3.90
3.31
3.09
3.65
3.43
3.85
3.55
	
5.38
5.34
4.64
4.47
5.46
5.83
5.11
4.78
5.93
4.82
3.98
4.39
5.23
6.56
4.38
4.73
5.83
4.13
5.49
5.97
5.71
4.06
4.67
4.46
	
107
103
106
115
103
102
106
114
101
102
105
114
101
101
106
116
113
110
112
119
108
105
108
113

	LSD0.05
	6.5
	2.12
	1.84
	24.09
	2.93
	1.79
	0.45
	NS
	2.81

	CV%
	26.1
	11.93
	18.23
	13.62
	32.07
	4.36
	4.25
	20.34
	11.92



Improving the yield of boro rice (Binadhan-10) through transplanting rearrangement method and application of gypsum and silicon
The experiment was conducted at Farmer’s field of Satkhira, Bangladesh during boro season, 2016-17. 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 as 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. Binadhan-10 was evaluated under four transplanting methods i.e., M0: Control (No Slope/flat land), M1: Ridge and furrow (each furrow 30 cm wide accommodating 3 lines transplanting), M2: Ridge and furrow (each furrow 60 cm wide accommodating 5 lines transplanting) and M3: Ridge and furrow (each furrow 90 cm wide accommodating 7 lines transplanting). Two rates of gypsum i.e., gypsum @ 75 kg ha-1 (G1), 150 kg ha-1(G2) and two rates of silicon i.e., silicon @ 5 (S1) kg ha-1, 10 (S2) kg ha-1. The crop was harvested at different dates at maturity. The recorded data were analyzed using the Analysis of Variance Technique. The mean differences were resort by Duncan’s New Multiple Range Test.
Transplanting method had significant effect on most of the plant parameters (Table 2). Transplanting method showed that highest grain yield (5.57 t ha-1) was produced in ridge and furrow (each furrow 30 cm wide accommodating 3 lines transplanting) and lowest yield (4.17 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 (5.19 t ha-1) due to the maximum number of filled grain panicle-1 (93.85) and 1000 seed wt. (24.10 g) followed by 75 kg ha-1 gypsum (4.80 t ha-1).  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 10 kg ha-1 application of silicon than 5 kg ha-1 application of silicon. Interaction between transplanting method and gypsum application showed that the highest grain yield in ridge & furrow (each furrow 30 cm wide accommodating 3 lines transplanting) method with 150 kg ha-1 gypsum (5.79 t ha-1) and lowest yield (3.99 t ha-1) in control (No slope/flat land) method with 75 kg ha-1 gypsum. On the other hand, Interaction between transplanting method and silicon application showed that the highest grain yield in ridge & furrow (each furrow 30 cm wide accommodating 3 lines transplanting) method with 10 kg ha-1 silicon (5.65 t ha-1) and lowest yield (4.04 t ha-1) in control (No slope/flat land) method with 5 kg ha-1 silicon. Interaction between gypsum and silicon rates showed that the highest grain yield in 150 kg ha-1 gypsum with the combination of 10 kg ha-1 silicon (5.30 t ha-1). Finally, the interaction results of method, gypsum  and silicon rates concluded that the highest grain and straw yield in ridge and furrow (each furrow 30 cm wide accommodating 3 lines transplanting) method with 150 kg ha-1 gypsum and 10 kg ha-1 silicon  by Binadhan-10 (5.94 t ha-1) and (7.50 t ha-1). Grain and straw yield increased in ridge and furrow (each furrow 30 cm wide accommodating 3 lines transplanting) method with 150 kg ha-1 gypsum and 10 kg ha-1 silicon  by Binadhan-10 (30.84% and 32.04%) compared to the traditional  method (No slope/flat land).
Table 2. Yield and yield contributing characters as affected by transplanting method, rates of                                   gypsum and silicon  in boro season during 2016-17 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
   panicle-1
     (no.)
	1000
Seed wt. (g)
 
	Grain yield  
(t ha-1)
 
	Straw 
yield
(t ha-1)

	Method
Control (No Slope) (M1)
Ridge & Furrow (M2)
Ridge & Furrow (M3)
Ridge & Furrow (M4)
	
98.43
99.67
96.37
97.35
	
10.7
12.8
9.8
9.0
	
23.77
23.85
22.83
22.62
	
84.47
99.83
89.52
92.45
	
26.42
15.92
17.87
22.87
	
22.76
24.21
24.16
23.61
	
4.17
5.57
5.08
5.14
	
5.23
6.99
6.50
6.54

	LSD0.05
	2.93
	1.10
	0.56
	6.98
	9.94
	0.62
	0.32
	0.41

	Gypsum rates 
75  kg ha-1  (G1)
150 Kg ha-1 (G2)
	
97.18
98.73
	
10.8
10.3
	
23.27
23.27
	
89.28
93.85
	
23.13
18.41
	
23.27
24.10
	
4.80
5.19
	
6.08
6.56

	LSD0.05
	1.78
	.082
	0.51
	7.67
	6.81
	1.01
	0.21
	0.30

	Silicon rates 
5  kg ha-1  (S1)
10 Kg ha-1 (S2)
	
97.53
98.38
	
10.5
10.6
	
23.27
23.27
	
90.13
93.01
	
22.80
18.73
	
23.52
23.85
	
4.90
5.08
	
6.22
6.41

	LSD0.05
	1.56
	0.70
	0.60
	6.75
	5.14
	0.73
	0.27
	0.36

	Method X Gypsum rates 
M1 G1
M1 G2
M2 G1
M2 G2
M3 G1
M3 G2
M4G1
M4 G2
	
97.63
99.23
99.50
99.83
94.67
98.07
96.90
97.80
	
10.5
10.8
12.9
12.7
10.1
9.4
9.8
8.1
	
23.93
23.60
23.77
23.93
22.83
22.83
22.53
22.70
	
83.23
85.70
96.43
103.23
86.93
92.10
90.53
94.37
	
28.33
24.50
18.00
13.83
21.60
14.13
24.57
21.17
	
22.75
22.78
23.07
25.35
23.62
24.70
23.65
23.56
	
3.99
4.36
5.35
5.79
4.82
5.35
5.03
5.25
	
4.98
5.49
6.69
7.28
6.12
6.89
6.52
6.56

	LSD0.05
	3.57
	1.66
	1.03
	15.34
	13.63
	2.02
	0.41
	0.59

	 Method X Silicon rates
M1 S1
M1 S2
M2 S1
M2 S2
M3 S1
M3 S2
M4S1
M4 S2 
	
98.13
98.73
99.57
99.77
95.03
97.70
97.40
97.30
	
10.2
11.1
12.9
12.7
10.1
9.4
8.9
9.0
	
23.87
23.67
23.70
24.00
22.63
23.03
22.87
22.37
	
83.97
84.97
97.53
102.13
87.90
91.13
91.10
93.80
	
28.20
24.63
18.13
13.70
19.50
16.23
25.37
20.37
	
22.72
22.80
23.68
24.74
24.12
24.20
23.57
23.65
	
4.04
4.31
5.49
5.65
4.99
5.17
5.08
5.20
	
5.09
5.38
6.88
7.10
6.45
6.56
6.46
6.62

	LSD0.05
	3.12
	1.41
	1.21
	13.51
	10.29
	1.46
	0.56
	0.72

	 Gypsum X Silicon rates 
 G1 S1
 G1 S2
 G2 S1
 G2 S2
	97.37
96.98
97.70
99.77
	10.8
10.9
10.2
10.3
	23.28
23.25
23.25
23.28
	87.42
91.15
92.83
94.87
	25.72
20.53
19.88
16.93
	23.59
22.95
23.45
24.74
	4.73
4.87
5.07
5.30
	6.00
6.15
6.43
6.68

	LSD0.05
	2.21
	1.00
	0.86
	9.55
	7.28
	1.03
	0.39
	0.51

	Method X Gypsum X Silicon rates 
M1 G1 S1
M1 G1 S2
 M1 G2 S1
M1 G2 S2
 M2G1 S1
 M2 G1 S2
 M2 G2 S1
M2 G2 S2
 M3 G1 S1
 M3 G1 S2
M3 G2 S1
 M3 G2 S2
 M4 G1 S1
 M4G1 S2
M4 G2 S1
M4 G2 S2
	

96.73
98.53
99.53
98.93
99.67
99.33
99.47
100.20
93.93
95.40
96.13
100.00
99.13
94.67
95.67
99.93
	

10.5
10.5
9.9
11.8
12.3
13.5
13.5
11.9
10.5
9.8
9.8
8.9
10.0
9.6
7.8
8.5
	

24.07
23.80
23.67
23.53
23.33
24.20
24.07
23.80
22.73
22.93
22.53
23.13
23.00
22.07
22.73
22.67
	

82.53
83.93
85.40
86.00
94.07
98.80
101.00
105.47
84.67
89.20
91.13
93.07
88.40
92.67
93.80
94.93
	

30.47
26.20
25.93
23.07
20.60
15.40
15.67
12.00
24.27
18.93
14.73
13.53
27.53
21.60
23.20
19.13
	

23.59
22.95
23.45
24.74
23.59
22.95
23.45
24.74
23.59
22.95
23.45
24.74
23.59
22.95
23.45
24.74
	

3.90
4.07
4.18
4.54
5.34
5.37
5.63
5.94
4.70
4.93
5.29
5.40
4.97
5.10
5.19
5.30
	

4.87
5.08
5.31
5.68
6.68
6.70
7.07
7.50
6.05
6.18
6.85
6.93
6.41
6.62
6.50
6.62

	LSD0.05
	4.42
	2.00
	1.72
	19.11
	14.56
	2.07
	0.78
	1.04

	CV%
	2.61
	10.99
	4.27
	12.06
	20.76
	5.06
	9.12
	9.30









Performances of altered cropping pattern in saline areas of Bangladesh
Rice–based cropping patterns using BINA varieties were assessed at four saline prone locations at i) Chakoria, Cox's bazar ii) Subarnachar, Noakhali iii) Daganbhuia, Feni and iv) Shymnagar, Satkhira districts of Bangladesh with performances of released variety Binadhan-10, Binasoyabean-2 and Binachinabadam-6 during 2014-15 and 2015-16. The practiced cropping pattern was; T. aman rice-Fallow-Boro whereas the improved cropping patterns were - (i) pattern 1; T. aman (Binadhan-10)–Soyabean (Binasoyabean-2)–Aus rice (BRRI dhan48) and (ii) pattern 2; T. aman rice (Binadhan-10)–Ground nut (Binachinabadam-6)-Fellow. The experiment was laid out in RCBD with 3 replications. The demonstration plot size was 1200 m2 . The recommended doses of fertilizers were applied. The experimental crops were harvested on different dates according to the maturity of the varieties. Data on gross return, total cost, gross margin and benefit cost ratio were collected time to time. Collected raw data were processed and made those viable for the analysis. Tabular techniques have been used for analysis, interpretation and presentation of data to fulfill the objectives of the base line survey. Gross margin is calculated by deducting total variable cost from gross return.
Pattern 1: T.aman rice (Binadhan-10)–Soyabean (Binasoyabean-2)–Aus rice (BRRI dhan48)
In 2014-15, Binadhan-10 produced reasonable yield indicating their adaptive potentiality in saline areas and the highest grain yield (4.88 t ha-1) at Cox's bazar districts followed by Feni district (4.60 t ha-1). On the other hand, in 2015-16, Binadhan-10 showed the highest yield (4.80 t ha-1) also at Cox's bazar districts followed by Feni district (4.60 t ha-1) (Table 3). Higher yield performance of Binadhan-10 was attributes mainly by large sized grain. The yield of Binadhan-10 was also higher in previous year than that of past cultivation. Binasoyabean-2 produced the highest grain yield (2.13 t ha-1) at Cox's bazar districts followed by Feni district (1.94 t ha-1). Higher yield performance of Binasoyabean-2 was attributes by higher plant populations m-2, 1000 seed wt. and number of seeds pod-1. In 2015-16, Binasoyabean-2 produced the highest grain yield (1.81 t ha-1) at Noakhali districts followed by Cox’s bazar district (1.80 t ha-1) (Table 4). Higher yield performance of Binasoyabean-2 was attributes by mainly longer plant. The yield of Binasoyabean-2 was also higher in previous year than that of past cultivation.  However, BRRI dhan48 produced the highest grain yield (4.60 t ha-1) at Noakhali district followed by Cox's bazar district (4.35 tha-1) during 2014-15(Table 5). Higher yield performance of BRRI dhan48 was attributes by plant height, no of tillers hill-1, no. of panicles plant-1 and 1000 seed wt (g). In 2015-16, BRRI dhan48 produced the highest grain yield (4.58 t ha-1) at Cox's bazar district followed by Satkhira district (4.34 t ha-1) (Table 3). Higher yield performance of BRRI dhan48 was attributes by plant height, no. of tillers hill-1, no. of panicles plant-1, no. filled grains panicle-1 and 1000 seed wt (g). The yield was varied within the cultivation period and also locations, which is one of the positive indicators for increasing the aus rice production in saline areas of Bangladesh. 
Table 3: Performance of T. aman (Binadhan-10) during 2014-15 and 2015-16 under pattern 1

	Locations
	Plant height (cm)
	Total
tillers hill-1
(no.)
	Panicle 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)
	Duration
(Days)

	2014-15

	Cox’s  bazar  
Feni 
Noakhali 
Satkhira 
	108.1
109.0
105.8
100.5
	13.6
13.6
12.7
12.4
	12.5
13.8
12.1
11.1
	26.1
25.5
25.3
24.5
	77.8
75.0
74.8
71.7
	12.9
27.1
23.6
10.8
	26.4
26.6
26.7
27.7
	4.88
4.60
4.31
4.45
	6.42
6.00
6.41
6.82
	123
122
125
125

	LSD0.05
	1.31
	NS
	NS
	NS
	NS
	5.73
	0.32
	0.44
	0.14
	-

	2015-16

	Cox’s  bazar  
Feni 
Noakhali 
Satkhira 
	124.9
110.6
108.4
104.8
	12.5
11.5
10.1
10.4
	9.0
10.3
12.2
8.6
	27.3
26.8
28.0
26.1
	91.3
84.5
79.4
81.9
	14.6
12.5
14.2
20.4
	27.5
27.8
27.2
25.4
	4.80
4.60
3.80
4.30
	5.6
5.1
5.7
4.9
	93
90
87
98

	LSD0.05
	4.24
	NS
	1.61
	NS
	NS
	3.90
	1.59
	0.52
	NS
	-




Table  4:  Performance of Binasoybean-2 during  2014-15 and 2015-16 under pattern1
	
Locations

	Population m-2 (no.)

	Plant height (cm)
	Branches plant-1 (no.)
	Pods
plant -1 (no.)
	Pod
length (cm)
	Seeds
pod-1 (no.)
	1000
seed wt. (g)
	Seed
yield
(t ha-1)
	Duration
(Days)

	2014-15
	
	
	
	
	
	
	
	
	

	Cox’s bazar  
Feni 
Noakhali 
Satkhira 
	48.00
47.33
44.00
42.33
	47.10
30.03
38.33
31.53
	1.30
1.30
1.13
1.13
	28.00
28.90
28.20
24.10
	4.09
3.94
3.94
3.65
	2.30
2.17
2.30
2.13
	130.4
124.5
121.3
116.2
	2.13
1.94
1.86
1.60
	132
134
136
127

	LSD0.05
	1.96
	2.04
	0.15
	0.54
	0.15
	0.23
	0.21
	0.08
	-

	2015-16
	
	
	
	
	
	
	
	
	

	Cox’s bazar 
Noakhali 
 Feni 
Satkhira 
	28
28
28
25
	32.46
27.23
25.07
26.00
	2.53
1.73
1.73
1.77
	23.30
25.60
26.87
25.13
	3.77
3.77
3.79
3.80
	2.70
2.83
2.67
2.70
	123.5
122.0
120.5
118.0
	1.80
1.81
1.76
1.60
	92
90
91
90

	LSD0.05
	NS
	3.01
	NS
	NS
	NS
	NS
	NS
	0.09
	-



Table 5: Performance of Aus rice (BRRI dhan48) during 2014-15 and 2015-16 under pattern-1  

	             
Locations

	Plant height (cm)
	Total
tillers hill-1
(no.)
	Panicle 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)
	Duration
(Days)


	2014-15
	
	
	
	
	
	
	
	
	
	

	Cox’s bazar  
Feni 
Noakhali 
Satkhira 
	97.30
96.00
89.83
83.53
	13.43
12.40
11.30
10.17
	12.53
12.07
10.37
8.40
	21.33
21.93
21.63
20.13
	98.67
96.00
119.07
86.30
	27.60
21.53
10.20
34.73
	22.60
21.93
22.60
20.03
	4.35
4.15
4.60
3.49
	5.91
5.69
5.53
4.75
	110
110
101
117

	LSD0.05
	1.98
	0.51
	0.53
	0.61
	0.22
	2.11
	0.32
	NS
	0.08
	-

	

2015-16
	
	
	
	
	
	
	
	
	
	

	Cox’s bazar  
Feni 
Noakhali 
Satkhira 
	109.5
94.13
97.27
108.1
	12.3
12.3
9.87
9.93
	12.1
11.1
9.27
9.60
	23.73
23.60
23.23
24.27
	106.9
94.9
86.4
96.6
	25.6
33.8
30.6
33.4
	24.76
23.38
23.27
24.41
	4.58
4.03
4.34
4.42
	6.40
5.53
6.01
6.20
	108
110
107
105

	LSD0.05
	4.30
	2.23
	1.48
	NS
	7.31
	3.44
	0.37
	0.48
	0.63
	-



Pattern 2: T. aman rice (Binadhan-10) – Ground nut (Binachinabadam-6)-Fellow
In pattern 2 Binadhan-10 produced the highest yield (4.88 t ha-1) at Cox's bazar districts followed by Feni district (4.60 t ha-1) during 2014-15 which was mainly attributes by grain size. In 2015-16, the yield was decreased and the highest yield estimated as 4.8 tha-1 from Cox's bazar districts followed by Feni district (4.60 t ha-1) (Table 6). Binachinabadam-6 showed the highest yield (2.26 t ha-1) at Cox's bazar districts followed by Feni district (2.08 t ha-1) in 2014-15. Higher yield performance of Binachinabadam-6 was attributes by plant height, pods plant-1, 100 seed wt. and number of seeds pod-1. On the other hand, in 2015-16, Bina chinabadam-6 produced the highest yield (3.06 t ha-1) at Cox's bazar districts followed by Feni district (3.05 t ha-1) (Table 7). Higher yield performance of Binachinabadam-6 was attributes by pods plant-1, 100 seed wt. and number of pod plant-1.


Table 6: Performance of T. aman (Binadhan-10) during 2014-2015 and 2015-16 under pattern-2

	
Locations

	Plant height (cm)
	Total
tillers hill-1
(no.)
	Panicle 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)
	Duration
(Days)

	2014-15
	
	
	
	
	
	
	
	
	
	

	Cox’s bazar  
Feni 
Noakhali 
Satkhira 
	108.1
109.0
105.8
100.5
	13.6
13.6
12.7
12.4
	12.5
13.8
12.1
11.1
	26.1
25.5
25.3
24.5
	77.8
75.0
74.8
71.7
	12.9
27.1
23.6
10.8
	26.4
26.6
26.7
27.7
	4.88
4.60
4.31
4.45
	6.42
6.00
6.41
6.82
	123
122
125
125

	LSD0.05
	1.31
	NS
	NS
	NS
	NS
	5.73
	0.32
	0.44
	0.14
	-

	2015-16
	
	
	
	
	
	
	
	
	
	

	Cox’s bazar  
Feni 
Noakhali 
Satkhira 
	124.9
110.6
108.4
104.8
	12.5
11.5
10.1
10.4
	9.0
10.3
12.2
8.6
	27.3
26.8
28.0
26.1
	91.3
84.5
79.4
81.9
	14.6
12.5
14.2
20.4
	27.5
27.8
27.2
25.4
	4.80
4.60
3.80
4.30
	5.6
5.1
5.7
4.9
	93
90
87
98

	LSD0.05
	4.24
	NS
	1.61
	NS
	NS
	3.90
	1.59
	0.52
	NS
	-



Table   7:  Performance of Binachinabadam-6 during 2014-2015 and 2015-16 under pattern-2
	Locations

	Populations
m-2
 (no)
	Plant height (cm)
	Branches
plant-1 (no.)
	Pods
plant-1 (no.)
	100
seed 
wt. (g.)
	Seed
yield
(t ha-1)
	Duration
(Days)

	2014-15
	
	
	
	
	
	
	

	Locations
Cox’s  bazar  
Feni 
Noakhali 
Satkhira 
	
23
23
23
23
	
38.97
38.57
29.67
31.23
	
7.10
5.07
5.70
4.77
	
19.30
18.30
17.63
17.20
	
45.50
43.30
42.20
40.30
	
2.26
2.08
1.84
1.74
	
132
134
136
127

	LSD0.05
	NS
	0.80
	0.21
	0.30
	0.21
	0.06
	-

	2015-16
	
	
	
	
	
	
	

	Cox’s bazar 
Noakhali 
Feni 
Satkhira
	22
22
20
20
	35.50
23.47
46.57
31.37
	5.33
4.53
5.03
4.57
	32.70
26.87
29.00
27.20
	49.60
48.60
46.80
42.20
	3.06
2.67
3.05
2.00
	123
127
125
124

	LSD0.05
	NS
	1.99
	NS
	NS
	4.32
	0.51
	-



Benefit cost ratio (BCR) for pattern 1:
The total yield of two years in improved cropping pattern T. aman rice (Binadhan-10)-Soyabean (Binasoyabean-2)–Aus rice (BRRI dhan48) is 21.05 t ha-1 and farmer’s existing cropping pattern T. aman rice (Local)–Fallow–Boro rice (BRRI dhan28) gives 15.6 t ha-1 (Table 8). In this improved cropping pattern, total gross return, total gross margin income and BCR were 3,17,720 Tk ha-1, 1,66,424 Tk ha-1 and BCR 2.10 respectively. But in the existing cropping pattern of farmer’s total gross return, total gross margin income and BCR were 2,02,400 Tk ha-1, 72,219 Tk ha-1 and 1.55, respectively. Extra income per hectare in improved cropping pattern (T. aman rice-Soyabean–Aus rice) compared with farmer’s existing cropping pattern (T. aman rice–Fallow–Boro rice) was 94,205 Tk.       	 
Benefit cost ratio (BCR) for pattern 2:
Improved cropping pattern, T. aman rice (Binadhan-10)–Ground nut (Binachinabadam-6)-Fellow compared with T. aman rice (Local)–Fallow–Boro rice (BRRI dhan28) and it is found that T. aman rice–Ground nut-Fellow gave per hectare extra income as 1,48,801 Tk (Table 9).
Table 8: Performance of improved and farmer’s existing cropping pattern during 2014-1 5 &    
               2015-2016 (Two years total yield) under pattern 1 
	 Cropping pattern
	Total yield
(t ha-1)
	Gross return (Tk ha-1)
	Total cost
(Tk ha-1)
	Gross margin
(Tk ha-1)
	BCR

	T. aman rice– Soybean-Aus 
	21.05
	3,17,720
	1,51,295
	1,66,424
	2.10 : 1

	T. aman rice– Fellow –Boro
	15.60
	2,02,400
	1.30,580
	72,219
	1.55 : 1


 
Table 9: Performance of improved and farmer’s existing cropping pattern during 2014-1 5 & 
               2015-2016 (Two years average yield) under pattern 2
	Cropping pattern
	Total yield
(t ha-1)
	Gross return (Tk ha-1)
	Total cost
(Tk ha-1)
	Gross margin
(Tk ha-1)
	BCR

	T. aman rice– Ground nut-Fellow
	13.62
	3,97,020
	1,76,000
	2,21,020
	2.26 : 1

	T. aman rice– Fellow –Boro
	15.60
	2,02,400
	1,30,580
	72,219
	1.55 : 1



Table 10: Average soil salinity levels (dsm-2) at Cox’s bazar , Feni, Noakhali and Satkhira districts during 2014-15 & 2015-2016
	Locations
	July
	Aug.
	Sep
	Oct. 
	Nov
	Dec
	Jan
	Feb.
	March
	April
	May
	June

	Cox’s bazar 
	0.90
	0.95
	1.30
	1.30
	1.35
	1.45
	2.20
	2.45
	2.80
	3.35
	2.65
	1.00

	Feni
	1.00
	1.05
	1.30
	1.35
	1.55
	2.25
	2.75
	2.85
	3.00
	3.45
	2.60
	1.15

	Noakhali
	1.15
	1.70
	1.45
	1.60
	2.50
	3.70
	4.00
	3.25
	3.70
	4.10
	4.10
	1.50

	Satkhira
	1.30
	1.40
	1.20
	1.35
	2.35
	3.50
	3.40
	3.60
	3.70
	4.50
	4.50
	1.25



The average soil salinity data were recorded from 2014-2015 & 2015-2016 in four entitled locations (Table 10). Salinity is a year round problem in the coastal agriculture; it varies over the year with the peak salinity occurring during December to May in dry season and the least during July to September in the monsoon period of growing areas. However, it was mentioned that the suggested cropping pattern can tolerate salinity of 4-5 dsm-2. 
Effect of different herbicides on weed infestation and yield in boro rice (Binadhan-10)
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 = Mclore 5g ( Butachlor) 25 Kg ha-1,  H2 = Shabil 18WP (Acetachlor 14% + Bensulfuron-methy14%) 750 g ha-1, H3 = kamla 10 WP (pyrazosulfuran ethyl) (Pre emergence) 125 g ha-1, H4 = Superhit 500 EC (Pretilachlor), 988 ml ha-1, H5 =Abolish 20 WP (Pretilachlor + Pyrazosulfuron–ethyl WP) (Pre emergence) 865g ha-1 , H6 = were tested along with two hand (HW) weeding, 30 days after transplanting and 45 days after transplanting and (H0)= control 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 3m x 3m. Treatments were assigned in unit plots at random. Weed density was collected from each plot at vegetative stage of rice by using 0.5m x 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 and separated in species wise. After these dried first in the sun and then in an electric oven for 72 hours at a 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 stages of the crop. All the recorded data were compiled and analyzed using MSTAT-C and the means were analyzed by LSD.
Table 11. 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
	Perennial

	4.
	Arail
	Leersia hexandra L.
	Gramineae
	Grass
	Annual

	5.
	Chechra
	Scirpus mucronatusL.
	Cyperaceae
	Sedge
	Perennial

	6.
	Durba
	Cynodon dactylon
	Gramineae
	Grass
	Perennial

	7.
	Shushnishak
	Marsilea quadrifolia
	Marsileaceae
	 Sedge
	Annual

	8.
	Sobuj nakful
	Cyperus difformis.
	Cyperaceae
	Sedge
	Annual


 
Eight weed species belonging to four families namely Shama, Angta, Panikachu, Arail, Chechra, Durba, Shushnishak and Sobuj nakful were found to grow in the experimental plots. Among them one was broad leaved, four were grasses and three were sedges. It was found that the density and dry weight of weeds varied considerably in different weed control treatments (Table 12). The highest weed density was found in the control treatment, showing the highest weed population values of 31.67 m-2 and the lowest weed density/m2 was found in the treatment with the recommended dose of Abolish 20 WP 865g ha-1 followed by two hand weeding (HW) when the values were 6.67 m-2 and 6.85 m-2 at vegetative stage. 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 19.80 g m-2 was observed in control treatment and the lowest weed fresh weight 8.10 g m-2 was observed with Abolish 20 WP 865g ha-1.  The highest weed dry weight was found in control treatment (9.28 g m-2)  and the lowest weed dry weight was found in Abolish 20 WP 865g ha-1 treated plot (3.75 g m-2) followed by hand weeding treatment 3.85 g m-2 (Table 12). 
 Table 12. Effect of weed control treatments on weed density, weed fresh and dry wt. at  
                  vegetative stage
	Treatment
	Weed Density
   (no. m-2)
	Weed Fresh wt.
       (g m-2)
	Weed dry wt.
        (g m-2)

	H0 =Control 
	31.67
	19.80
	9.28

	H1 = Mclore 5g 25 Kg ha-1
	12.00
	10.13
	4.72

	H2 = Shabil 18WP 750 g ha-1
	7.00
	9.77
	4.54

	H3 = kamla 10 WP 125 g ha-1
	8.33
	9.16
	4.29

	H4 = Superhit 500 EC 
	8.67
	10.09
	4.75

	H5 = Abolish 20 WP 865g ha-1
	6.67
	8.10
	3.75

	H6 = Hand weeding                                       
	6.85
	8.19
	3.85

	LSD0.05
	6.69
	4.15
	1.97

	CV(%)
	29.04
	21.70
	21.70



Among the weed treatment highest grain yield (5.83 tha-1) was found with the treatment Abolish 20WP 865g ha-1 followed by two hand weeding (5.65 t ha-1). The results suggest that Binadhan-10 variety could be grown with Abolish 20WP 865g ha-1, followed by the treatments of two hand weeding (HW) to maximize yield of boro rice (Table13).
Table 13. 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.)
	Filled grains
Panicle-1
(no.)
	Unfilled grains
Panicle-1
(no.)
	1000 seed wt. (g)
	Grain yield (tha-1)
	Straw 
Yield
 (tha-1)

	H0
	95.53
	12.40
	9.40
	84.9
	16.3
	20.63
	4.52
	7.23

	H1
	97.87
	15.07
	12.87
	99.1
	32.0
	21.47
	5.13
	7.68

	H2
	95.73
	13.40
	10.30
	134.2
	33.1
	21.87
	5.49
	7.63

	H3
	95.20
	14.77
	12.50
	133.9
	16.9
	21.50
	5.40
	7.93

	H4
	95.30
	15.20
	12.20
	156.4
	25.4
	21.87
	5.30
	6.82

	H5
	96.7
	15.33
	12.97
	135.8
	36.5
	22.30
	5.83
	7.27

	H6
	88.53
	15.20
	12.87
	113.3
	33.7
	21.97
	5.65
	7.33

	LSD0.05
	NS
	3.55
	NS
	37.81
	4.42
	NS
	0.59
	NS

	CV(%)
	5.39
	13.79
	9.86
	17.35
	12.81
	2.20
	6.22
	5.99



Effect of high temperature on the productivity of Boro rice variety under pot culture
A pot experiment was conducted with four Boro rice varieties i.e. Binadhan-5, Binadhan-6, Binadhan-10 and Binadhan-18 in a plant growth chamber at Bangladesh Institute of Nuclear Agriculture (BINA) during January to May, 2016 to assess the effect of high temperature on the yield and yield attributes. Two treatment were : T1 (ambient temperature) and T2 (300c at panicle initial stage applied for 3 days) and then plants were allowed to grow at ambient temperature up to maturity. Each pot contains 8 kg of soils. Three seedlings was transplanted in a pot. The experiment was laid out in a Completely Randomized Design where each treatment was replicated four times. Recommended doses of fertilizers were applied and cultural practices were done whenever required. Data on yield and yield attributes were recorded at maturity. Results revealed that Binadhan-6 produce higher yield in both ambient (65.64 g pot-1) and high temperature (62.94 g pot-1) followed by Binadhan-5 (59.14 and 55.76 g pot-1) (Table 14 &15) due to highest no. of total tillers plant-1 and highest no. of filled grains panicle-1.

Table 14: Yield and yield attributes of  Boro  rice under ambient temperature at growth stage 
	Varieties



	Plant height
(cm)
	Total tiller
Pot-1
(no.)
	Effective  tiller
Pot-1
(no.)
	Panicle length
(cm)
	Filled 
grain
panicle-1
(no.)
	Unfilled grain
panicle-1
(no.)
	Total
grains
panicle-1
(no.)
	1000 seed 
wt.
(g)
	Grain 
wt.
(g)
pot-1
	Straw wt.
(g)
pot-1

	Binadhan-5
	98.5
	27.23
	22.66
	22.53
	123.0
	20.1
	135.8
	20.65
	59.14
	94.26

	Binadhan-6
	99.6
	29.13 
	25.20
	23.26
	123.6
	12.2
	143.1
	20.45
	65.64
	86.48

	Binadhan-10
	98.5
	26.12
	22.33
	22.93
	93.0
	13.6
	106.6
	24.54
	55.06
	80.09

	Binadhan-18
	91.7
	25.40
	21.33
	22.16
	92.1
	12.66
	104.6
	22.38
	58.64
	86.52

	LSD0.05
	NS
	NS
	NS
	0.68
	10.9
	4.62
	8.55
	1.26
	3.26
	4.17

	CV%
	3.37
	12.7
	9.03
	1.61
	5.38
	16.78
	3.71
	3.06
	2.91
	2.55



Table 15: Yield and yield attributes of  Boro  rice under high temperature at flowering stage 
	Variety



	Plant height
(cm)
	Total tiller
Pot-1
(no.)
	Effective  tiller
Pot-1
(no.)
	Panicle length
(cm)
	Filled grain
panicle-1
(no.)
	Unfilled grain
panicle-1
(no.)
	1000 seed wt.
(g)
	Grain wt.
(g)
pot-1
	Straw wt.
(g)
pot-1

	Binadhan-5
	101.9
	28.67
	21.66
	22.26
	114.3
	20.6
	20.79
	55.76
	103.0

	Binadhan-6
	103.6
	29.10
	22.20
	21.93
	118.5
	20.4
	18.90
	62.94
	81.26

	Binadhan-10
	97.9
	25.33
	20.66
	21.50
	86.8
	17.8
	23.68
	53.08
	76.09

	Binadhan-18
	95.1
	27.13
	23.67
	21.72
	89.5
	17.533
	21.98
	54.56
	88.18

	LSD0.05
	NS
	NS
	NS
	NS
	13.72
	NS
	1.02
	3.01
	5.44

	CV%
	3.33
	6.47
	5.57
	1.95
	7.17
	17.8
	2.55
	2.89
	3.29



Determination of optimum spacing for growth and yield of lentil lines
The experiment was conducted at BINA substation, Magura during 2016-17 to evaluate the effect of optimum row spacing (20 cm, 25 cm, and 30 cm) on the growth and yield contributing characters of four advanced lentil lines/variety viz. LM-118-9, LM-138-3, LM-156-1, along with one check variety, Binamasur-5. The experiment was laid out in split- plot design with three replications. The unit plot size was 2 m × 2 m. The recommended doses of fertilizers were applied. The pods were harvested on different dates according to the maturity of the mutant lines/variety. The data on yield and yield attributes were recorded from randomly selected ten 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 the treatments. Among different advance lines/variety, LM-156-1 produced highest seed yield (1.98 t ha-1) followed by LM-118-9 (1.197 t ha-1) (Table 16). Highest yield was contributed by highest pods plant-1 and 1000 seed weight. Mean effect of different spacing showed significant results on seed yield. Among different spacing’s, 25 cm row showed highest seed yield (2.05 t ha-1). The interaction results of mutant x spacing revealed that the yield of LM-156-1 was the highest (2.08 t ha-1) at 25 cm spacing.
Table 16. Determination of optimum spacing for growth and yield of lentil lines during 
       2016-2017 at BINA substation, Magura
	Treatment

	Populations
m-2
(no.)
	Plant height
(cm)
	Branches
Plant-1
(no.)
	Pods
Plant-1
(no.)
	Seeds
Pod-1
(no.)
	1000 seed wt.(g)
	Seed
yield
(t ha-1)
	Straw yield
(t ha-1)
	Crop duration
(days)

	Varieties
	
	
	
	
	
	
	
	
	

	LM-118-9
	80.40
	35.7
	7.63
	71.71
	1.93
	21.07
	1.97
	2.38
	101

	LM-138-3
	77.44
	37.0
	7.25
	69.80
	1.96
	20.50
	1.96
	2.58
	99

	LM-156-1
	78.65
	35.5
	7.44
	74.06
	1.98
	21.90
	1.98
	2.33
	101

	Binamasur-5
	80.66
	35.8
	7.60
	71.15
	1.91
	21.77
	1.90
	2.45
	101

	LSD0.05
	NS
	NS
	NS
	NS
	NS
	0.73
	NS
	NS
	

	Row spacing 
	
	
	
	
	
	
	
	
	

	20 cm (S1)
	89.64
	36.4
	6.66
	66.11
	1.94
	21.20
	1.93
	2.58
	

	25 cm (S2)
	79.39
	36.0
	7.39
	70.52
	1.94
	21.37
	2.05
	2.42
	

	30 cm (S3)
	68.84
	35.7
	8.39
	78.40
	1.95
	21.22
	1.88
	2.23
	

	LSD0.05
	3.40
	NS
	0.26
	2.44
	NS
	0.14
	0.04
	0.08
	

	Varieties X Spacing

	V1 S1
	90.03
	35.3
	6.73
	65.43
	1.90
	21.17
	1.96
	2.59
	

	V1 S2
	78.80
	35.9
	7.67
	70.10
	1.93
	21.37
	2.07
	2.39
	

	V1 S3
	72.36
	35.9
	8.51
	79.60
	1.97
	20.70
	1.88
	2.17
	

	V2 S1
	87.73
	37.9
	6.24
	63.70
	2.00
	20.43
	1.94
	2.71
	

	V2 S2
	78.66
	36.7
	7.14
	68.03
	1.90
	20.70
	2.05
	2.60
	

	V2 S3
	65.93
	36.5
	8.37
	77.66
	1.97
	20.37
	1.90
	2.42
	

	V3 S1
	86.73
	35.7
	6.77
	69.03
	1.97
	21.50
	1.99
	2.38
	

	V3 S2
	80.26
	36.0
	7.41
	73.16
	2.00
	21.43
	2.08
	2.19
	

	V3 S3
	68.96
	34.9
	8.14
	80.00
	1.97
	21.57
	1.88
	2.12
	

	V4 S1
	94.06
	36.5
	6.90
	66.30
	1.90
	21.70
	1.85
	2.64
	

	V4 S2
	79.83
	35.4
	7.33
	70.80
	1.93
	21.97
	1.99
	2.51
	

	V4 S3
	68.10
	35.6
	8.56
	76.36
	1.90
	22.23
	1.87
	2.19
	

	LSD0.05
	NS
	NS
	NS
	NS
	NS
	0.76
	NS
	NS
	

	CV%
	4.96
	2.2
	4.11
	3.95
	3.79
	0.80
	2.73
	4.00
	



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 2016-17. 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 17). 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 58.04 tons seeds of different crop varieties of BINA were produced and procured. Among them rice were about 44.00 tons, mustard 4.81 tons, chickpea 1.15 tons, summer moog 2.00 tons, lentil 2.00 tons and sesame 1.18tons.



Table 17. Seeds produced/purchased, distributed/sold & stored during 2016-17
	Crop 
	Varieties
	Total seeds produced
/purchased
(ton)
	Total distributed
/sold
(ton)
	Seeds stored
(ton)
	Remarks

	Rice
	Aman
	
	
	
	

	
	Binadhan-7
	8.00
	8.00
	-
	

	
	Binadhan-11
	4.00
	4.00
	-
	

	
	Binadhan-12
	1.20
	1.20
	-
	

	
	Binadhan-13
	0.90
	0.90
	-
	

	
	Binadhan-16
	1.52
	1.52
	-
	

	
	Binadhan-17
	5.56
	5.56
	-
	

	
	Binashail
	0.91
	0.91
	-
	

	
	Boro
	
	
	
	

	
	Binadhan-10
	8.00
	8.00
	-
	

	
	Binadhan-14
	14.00
	14.00
	-
	

	
	Sub-total
	44.00
	44.00
	-
	

	Mustard
	Binasarisa-4
	2.61
	2.61
	-
	

	
	Binasarisa-7
	1.22
	1.22
	-
	

	
	Binasarisa-8
	0.02
	0.02
	-
	

	
	Binasarisa-9
	0.20
	0.20
	-
	

	
	Binasarisa-10
	0.76
	0.76
	-
	

	
	Sub-total
	4.81
	4.81
	-
	

	Chickpea
	Binasola-4
	0.80
	0.80
	-
	

	
	Binasola-5
	0.35
	0.35
	-
	

	
	Sub-total
	1.15
	1.15
	-
	

	Seasame
	Binatil-1
	0.04
	0.04
	-
	

	
	Binatil-2
	0.84
	0.84
	-
	

	
	Binatil-3
	0.30
	0.30
	-
	

	
	Sub-total
	1.18
	        1.18
	-
	

	Mung
	Binamoog-5
	0.20
	0.20
	-
	

	
	Binamoog-8
	1.80
	1.80
	-
	

	
	Sub-total
	2.00
	2.00
	-
	

	Lentil
	Binamasur-4
	0.70
	0.70
	-
	

	
	Binamasur-5
	0.60
	0.60
	-
	

	
	Binamasur-6
	0.20
	0.20
	-
	

	
	Binamasur-8
	0.50
	0.50
	-
	

	
	Sub-total
	2.00
	2.00
	-
	

	Groundnut
	Binachinabadam-4
	1.50
	1.50
	-
	

	
	Binachinabadam-6
	1.40
	1.40
	-
	

	
	Sub-total
	2.90
	2.90
	-
	

	
	Total
	58.04
	58.04
	
	














ADAPTIVE RESEARCH AND EXTENSION DIVISION
RESEARCH HIGHLIGHTS
During 2016-17 a total of 401 adaptive trials/block farming with BINA developed different crop varieties were conducted at the farmers’ field in collaboration with the Department of Agriculture Extension (DAE) and in-charge of different BINA sub-stations. 
In block farming with submergence tolerant rice variety Binadhan-11 produced average grain yield 4.28 t ha-1, which was 5.96% higher than the popular and other submergence tolerant cultivar. Flash flood prone areas of Bangladesh are suitable for massive extension of Binadhan-11. Block farming with salt tolerant Binadhan-10 produced average grain yield of 5.61 t ha-1 and matured in 136 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 to BINA authority to conduct more demonstrations for farmers’ motivation and their better understanding about the variety. Block farming with Binadhan-14 produced average grain yield of 4.78 t ha-1 and matured in 120 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 between aman and boro rice. Adopting this variety an additional rabi crop can be easily cultivated. Adaptive trials with early T. aman rice varieties Binadhan-7, Binadhan-15, Binadhan-16 and Binadhan-17 produced average seed yield 4.94, 4.59,4.58 and 5.40 t ha-1, respectively. There were almost no difference among the varieties in respect of yield and duration. Farmers felt some difficulties to thresh Binadhan-16, that’s why they were reluctant to adopt this variety.
Adaptive trials with Binasarisha-9 and Binasarisha-10 produced average seed yield of 1.49 and 1.38 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 shattering tendency in ripening stage and it is the barrier to adopt by end users. Block farming with Binatil-2 produced average seed yield of 1.49 t ha-1. Farmers showed their interest to cultivate Binatil-2 for its higher seed yield, oil content, attractive seed and oil colour. Adaptive trials with Binatil-1, Binatil-2 and Binatil-3 produced average seed yield of 0.58, 0.80 and 0.79 t ha-1, respectively which was almost same as check variety Atshira (0.76 t ha-1). Binatil-2 showed better performances 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 Binamasur-5 produced average seed yield of 1.47 t ha-1 and matured in 105 days. Popularity of Binamasur-5 increasing due to its better yield, less infestation of diseases, specially in Magura. For adopting this variety, an additional rabi crop can easily be cultivated by introducing late boro variety, Binadhan-14. In case of mungbean variety, block farmings with Binamoog-8 produced average seed yield of 1.40 t ha-1, which was 41.13 percent higher compared to cheek cultivar. Farmers of those districts were found enthusiastic to cultivate this variety for its higher seed yield and shiny color of seeds. 
Block farming with Binadhan-14 were carried out in order to establish BINA technology villages around BINA headquarter. Binadhan-14 produced average grain yields of 4.04 t ha-1. Average maturity period of Binadhan-14 was 117 days. Binasarisha-9 produced grain yield of 1.63 t ha-1. Binatil-2 produced average grain yields of 0.98 t ha-1. Average maturity period of Binatil-2 was 119 days. Binamasur-5 produced average grain yields of 1.16 t ha-1. Average maturity period of Binamasur-5 was 106 days. An extra HYV rabi crop could be easily 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 order to promotion of BINA generated crop varieties, a total of 2 farmers and Sub-Assistant Agricultural Officers (SAAO) training courses were organized during this period, and 75 male and female farmers including 50 SAAOs were also trained on cultivation of BINA developed improved crop varieties across the country. 
A total of 6 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 2 types of leaflets totaling 10000 copies during this period. Besides these, one TV programme was telecasted to popularize some BINA crop varieties.



PROGRAMME AREA: ON FARM RESEARCH AND TECHNOLOGY TRANSFER 
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 2016-17, 64 block farming with submergence tolerant aman rice Binadhan-11 were conducted at the farmer’s fields in different locations in collaboration with the DAE. 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 15 August, 2016 and age of seedlings was 20 to 25 days. Based on the available reports 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 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration 
(days)
	Yield
(t ha-1)
	Yield increased 
over control 
(%)

	
	
	
	Binadhan-11
	Check
	Binadhan-11
	Check
	

	Sherpur
	Nokla
	3
	115
	134
	4.25
	5.85
	-27.35

	
	Sadar
	2
	120
	142
	4.45
	4.25
	4.71

	
	Nalitabari
	3
	119
	124
	4.23
	3.43
	23.32

	
	Jhinaigati
	2
	125
	140
	9.1
	3.01
	202.33

	Rangpur
	Gongachora
	3
	109
	119
	4.25
	4.02
	5.72

	
	Sadar
	4
	120
	150
	4.02
	4.91
	-18.13

	
	Kawnia
	3
	119
	129
	2.95
	3.12
	-5.45

	Gaibandha
	Fulchori
	3
	128
	140
	4.32
	3.97
	8.82

	
	Gobindagonj
	3
	131
	137
	4.62
	4.08
	13.24

	
	Sundorgonj
	3
	115
	139
	2.63
	4.11
	-36.01

	Jamalpur
	Sarishabari
	2
	130
	138
	4.37
	4.09
	6.85

	
	Madargonj
	2
	124
	145
	4.75
	5.11
	-7.05

	
	Melandaha
	2
	129
	151
	4.41
	5.12
	-13.87

	
	Bokshigonj
	2
	120
	151
	4.42
	5.08
	-12.99

	Netrokona
	Sadar
	2
	125
	144
	2.75
	3.25
	-15.38

	
	Purbadhola
	3
	132
	150
	5.07
	5.32
	-4.70

	
	Mohongonj
	3
	120
	143
	4.67
	4.47
	4.47

	
	Barhatta
	2
	132
	156
	4.51
	4.02
	12.19

	Kishoregonj
	kotiadi
	3
	114
	113
	3.19
	2.37
	34.60

	
	Kuliarchar
	3
	128
	136
	3.34
	3.31
	0.91

	
	Sadar
	4
	130
	141
	4.15
	4.78
	-13.18

	Mymensingh
	Sadar
	3
	115
	145
	4.08
	3.57
	14.29

	
	Haluaghat
	2
	131
	151
	3.75
	4.63
	-19.01

	
	Dhobaura
	2
	121
	142
	4.45
	5.25
	-15.24

	Total
	64
	-
	-
	-
	-
	-

	Mean
	
	123
	140
	4.28
	4.21
	5.96



The data of Table 1 revealed that Binadhan-11 produced average grain yield of 4.28 t ha-1, which was 5.96percent higher compared to check varieties. Average maturity period of Binadhan-11 was 123 days. Nine popular cultivars were used as check, which were: V1= Binadhan-7, V2= BRRI dhan52, V3= BRRI dhan49 V4= Sharna. 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 2016-17, 40 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 2017 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 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over control (%)

	
	
	
	Binadhan-10
	Check
	Binadhan-10
	Check
	

	Patuakhali
	Kolapara
	4
	129
	131
	5.55
	4.62
	20.13

	
	Golachipa
	4
	130
	145
	4.48
	4.9
	-8.57

	Bagerhat
	Rampal
	4
	138
	141
	6.68
	4.5
	48.44

	
	Morelgonj
	4
	135
	138
	5.78
	4.58
	26.20

	Jhalokathi
	Sadar
	4
	135
	132
	6
	4.56
	31.58

	
	Nolcity
	4
	136
	133
	6
	4.55
	31.87

	Barisal
	Sadar
	4
	128
	139
	5.3
	5.75
	-7.83

	
	Gawrnadi
	4
	157
	135
	5.27
	4.40
	19.77

	Cox’s Bazar
	Technaf
	4
	133
	144
	5.39
	4.73
	13.95

	
	Chokoria
	4
	134
	145
	5.61
	4.89
	14.72

	Total
	40
	-
	-
	-
	-
	-

	Mean
	-
	136
	138
	5.61
	4.75
	19.03



Data in the Table 2 revealed that Binadhan-10 Produced average grain yields of 5.61 t ha-1. Average maturity period of this variety was 136 days. Check variety was BRRI dhan47 which produced average gain yield of 4.75 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 to 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 2016-17, 48 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 2017 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 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over control (%)

	
	
	
	Binadhan-14
	Check
	Binadhan-14
	Check
	

	Bogra
	Sherpur
	4
	108
	132
	5.25
	4.63
	13.39

	
	Sadar
	4
	109
	134
	5.15
	5.05
	1.98

	Gaibandha
	Sadar
	4
	119
	108
	4.25
	4.31
	-1.39

	
	Gobindogonj
	4
	158
	148
	3.36
	3.00
	12.00

	Magura
	Sadar
	6
	117
	131
	5.12
	4.97
	3.02

	
	Salikha
	8
	112
	139
	5.52
	5.72
	-3.50

	Jhenaidah
	Kaligonj
	4
	120
	141
	5.61
	4.97
	12.88

	Mymensingh
	Gouripur
	6
	118
	131
	3.96
	3.83
	3.39

	Dinajpur
	Sadar
	2
	110
	131
	6.53
	5.70
	14.56

	
	Birgonj
	6
	127
	132
	6.22
	5.65
	10.09

	Total
	48
	
	
	
	
	

	Mean
	
	120
	133
	5.10
	4.78
	6.64



The data of Table 3 revealed that Binadhan-14 produced average grain yields of 5.10 t ha-1, which was 6.64 percent higher compared to check varieties. Average maturity period of Binadhan-14 was 120 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 time 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 rice varieties compared to check variety 
During aman season of 2016-17, 10 adaptive trials with Binadhan-7, Binadhan-15, Binadhan-16 and Binadhan-17 were conducted at farmers’ plots in 3 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binadhan-7, Binadhan-15, 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 1 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 2016. 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 rice varieties in different locations during 2016-17 
	District
	Upazilla
	No. of
Expt.
	Duration (days)
	Yield (t ha-1)

	
	
	
	Bina
dhan-7
	Bina 
dhan-15
	Bina
dhan-16
	Bina
dhan-17
	Bina
dhan-7
	Bina
dhan-15
	Bina
dhan-16
	Bina
dhan-17

	Mymensingh
	Sadar
	4
	112
	117
	98
	116
	4.58
	4.2
	3.33
	4.25

	Rangpur
	Sadar
	2
	114
	116
	102
	115
	4.87
	4.4
	4.97
	5.6

	Magura
	Sadar
	4
	112
	118
	103
	119
	5.38
	5
	5.45
	6.35

	Total
	10
	-
	-
	-
	-
	-
	-
	-
	-

	Mean
	
	113
	117
	101
	117
	4.94
	4.53
	4.58
	5.40



The results presented in Table 4 shows that average duration and yield of Binadhan-7, Binadhan-15, Binadhan-16 and Binadhan-17 were 113, 117, 101 and 117 days and 4.94, 4.53 5.58 and 5.40 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 mustard variety, Binasarisha-9 and Binasarisha-10 compared to local variety
During the rabi season of 2016-17, 10 adaptive trials were conducted with Binasarisha-9 and Binasarisha-10 in 2 different districts in collaboration with the DAE. The main objectives were to demonstrate the performance of Binasarisha-9 and Binasarisha-10 to evaluate their location specific suitability and widen adoption by the farmers. Unit plot size of adaptive trials 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 5. Performance of Binasharisa-9, Binasharisa-10 compared to BARI sharisa-14 in different locations during 2016-17
	District
	Upazilla
	No. of
Expt.
	Duration
(days)
	Yield
(t ha-1)
	Yield increased over control (%)

	
	
	
	Bina
sarisha-9
	Bina
sarisha-10
	BARI
Sarisha-14
	Bina
sarisha-9
	Bina
sarisha-10
	BARI
Sarisha-14
	Bina
sarisha-9
	Bina
sarisha-10

	Mymensingh
	Gowripur
	6
	83
	77
	84
	1.64
	1.56
	1.61
	1.86
	-3.11

	Magura
	Sadar
	4
	82
	75
	81
	1.49
	1.38
	1.47
	1.36
	-6.12

	Total
	10
	-
	-
	-
	-
	-
	-
	-
	-

	Mean
	
	82
	75
	81
	1.49
	1.38
	1.47
	1.36
	-6.12



The data presented in Table 5 indicated that Binasarisha-9 and Binasarisha-10 and BARI sharisha-14 produced average seed yield of 1.49, 1.38 and 1.47 t ha-1 with duration of 82, 75 and 81, 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%. 
Block farming with groundnut variety Binachinabadam-4 compared to popular cultivar in different locations
During Kharif-1 season of 2016-17, 23 block farming with variety Binachinabadam-4 were conducted at farmers’ plots in 3 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binachinabadam-4 for their dissemination and encourage the farmers for adopting these varieties as well as making available seeds for the farmers for the next season. Unit plot size of individual block farming was one bigha at all the locations. Seeds were sown during February to March 2017. The local check variety was Dhaka-1. 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 6. 

Table 6.  Performance of Binachinabadam-4 in different locations during 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over control (%)

	
	
	
	Binchinabadam-4
	Check
	Binchinabadam-4
	Check
	

	Jhinaidaha
	Mohespur
	9
	107
	113
	1.4
	1.22
	14.75

	Gazipur
	Kapashia
	5
	120
	124
	2.22
	1.51
	47.02

	Gaibandha
	Kaligonj
	9
	115
	0.00
	1.15
	.98
	17.35

	Total
	23
	-
	-
	-
	-
	-

	Mean
	
	114
	119
	1.59
	1.24
	26.37



The data of Table 6 revealed that Binchinabadam-4 produced average seed yield of 1.59 t ha-1, which was almost similar to popular check variety Dhaka-1 (1.24 t ha-1). The duration of Binchinabadam-4 was also similar to Dhaka-1 indicating that both were the popular in farmers’ field.
Block farming with groundnut variety Binachinabadam-5 compared to popular cultivar in different locations
During Kharif-1 season of 2016-17, 5 block farming with variety Binachinabadam-5 were conducted at farmers’ plots in 1 district in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binachinabadam-5 for their dissemination and encourage the farmers for adopting these varieties as well as making available seeds for the farmers for the next season. Unit plot size of individual block farming was one bigha at all the locations. Seeds were sown during February to March 2017. The local check variety was Dhaka-1. 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 7.




Table 7.  Performance of Binachinabadam-5 in different locations during 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration (days)
	Yield (t ha-1)

	
	
	
	Binachinabadam-5
	Binachinabadam-5

	Mymensingh
	Bhaluka
	5
	112
	1.5



Adaptive trail of lentil variety Binachinabadam-7, Binachinabadam-8 and Local front size variety in different locations in collaboration with DAE
During Kharif-1 season of 2016-17, 20 block farming with variety Binachinabadam-7, Binachinabadam-8 and Dhaka-1 were conducted at farmers’ plots in 4 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binachinabadam-7, Binachinabadam-8 and Dhaka-1for their dissemination and encourage the farmers for adopting these varieties as well as making available seeds for the farmers for the next season. Unit plot size of individual block farming was one bigha at all the locations. Seeds were sown during February to March 2017. The local check variety was Dhaka-1. 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 Binachinabadam-7, Binachinabadam-8 compared to Local variety in different locations during 2016-17
	District
	Upazilla
	No. of
Expt.
	Duration 
(days)
	Yield 
(t ha-1)
	Yield increased over control (%)

	
	
	
	Bina china badam-7
	Bina
china
badam-8
	Check
	Bina
china
badam-7
	Bina
china
badam-8
	Check
	Bina
china
badam-7
	Bina
china
badam-8

	Mymensingh
	Sadar
	5
	116
	121
	117
	2.13
	2.16
	1.92
	10.94
	12.50

	Kishoregonj
	Bhairab
	5
	114
	118
	117
	2.31
	2.29
	2.16
	6.15
	6.02

	Bhola
	Charfeshion
	5
	110
	115
	120
	2.42
	2.23
	2.20
	10.00
	1.36

	Noakhali
	Shubarnochar
	5
	113
	117
	114
	2.12
	2.21
	2.05
	3.41
	7.80

	Total
	20
	-
	-
	-
	-
	-
	-
	-
	-

	Mean
	
	113
	118
	117
	2.25
	2.22
	2.08
	7.63
	6.92



The data in Table 8 indicated that almost no difference was observed in duration of Binachinabadam-7, Binachinabadam-8 and check variety. The highest seed yield 2.42 t ha-1 of Binamasur-8 was recorded at charfeshion upazila of Bhola district
Block farming with Binatil-2 compared to local check variety 
During Kharif-1 season of 2016-17, 30 block farming with variety Binatil-2 were conducted at farmers’ plots in 4 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 2017. 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 9. 
Table 9. 	Performance of Binatil-2 compared to popular cultivar in different locations during 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over control (%)

	
	
	
	Binatil-2
	Check
	Binatil-2
	Check
	

	Faridpur
	Sadar
	5
	84
	84
	1.25
	0.93
	34.41

	Madaripur
	Rajoir
	5
	92
	94
	1.54
	1.3
	18.46

	Kushtia
	Khoksha
	15
	84
	93
	1.46
	1.2
	21.67

	Dinajpur
	Fulbari
	5
	92
	99
	1.7
	0.90
	88.89

	Total
	30
	-
	-
	-
	-
	-

	Mean
	
	88
	93
	1.49
	1.08
	40.86


The data of Table 9 revealed that Binatil-2 produced average seed yield of 1.49 t ha-1, which was almost similar to popular check variety Atshira (1.08 t ha-1). The duration of Binatil-2 was also similar to Atshira indicating that both were the popular in farmers’ field. 
Farmers’ Observation Trials of sesame varieties in different locations 
During kharif-1 season of 2016-17, 11 adaptive trials with 3 sesame varieties i.e, Binatil-1, Binatil-2 and Binatil-3 were arranged at farmers’ plots in 3 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 10. 
Table 10.	Performance of Binatil-1, Binatil-2 and Binatil-3 compared to Atshira in different locations during 2016-17
	District
	Upazilla
	No. of
Expt.
	Duration 
(days)
	Yield
(t ha-1)
	Yield increased over control (%)

	
	
	
	Binatil-1
	Binatil-2
	Binatil-3
	Atshira
	Binatil-1
	Binatil-2
	Binatil-3
	Atshira
	Binatil-1
	Binatil-2
	Binatil-3

	Mymensingh
	Sadar
	3
	94
	90
	87
	93
	.44
	.9
	.9
	.66
	-33.33
	36.36
	36.36

	Faridpur
	Madhukali
	4
	95
	99
	93
	104
	.5
	.6
	.6
	.72
	-30.56
	-16.67
	-16.67

	Magura
	Sadar
	4
	92
	98
	90
	101
	0.81
	0.89
	0.87
	0.89
	-8.99
	0.00
	-2.25

	Total
	11
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Mean
	
	94
	96
	90
	99
	0.58
	0.80
	0.79
	0.76
	-24.29
	6.57
	5.82



The results presented in Table 10 showed that average duration and yield of Binatil-1, Binatil-2, Binatil-3 and Atshira were 94, 96, 90 and 99 days and 0.58, 0.80, 0.79 and 0.76 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. 
Adaptive trail of Soybean varieties in different locations in collaboration with DAE
During Kharif-1 season of 2016-17, 12 adaptive trial with variety Binasoyabean-2, Binasoyabean-4 and Local check variety were conducted at farmers’ plots in 3 districts in collaboration with DAE. The objectives were to demonstrate and evaluate the performance of Binasoyabean-2, Binasoyabean-4 and Local check variety for their dissemination and encourage the farmers for adopting these varieties as well as making available seeds for the farmers for the next season. Unit plot size of individual adaptive trial was one bigha at all the locations. Seeds were sown during mid January, 2017 in Kharif-1 season. The local check variety was Shohag. 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 11.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Table 11.	Performance of soybean variety in different locations during 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration 
(days)
	Yield 
(t ha-1)
	Yield increased over control (%)

	
	
	
	Bina
soyabean-2
	Bina
soyabean-4
	Check
	Bina
soyabean-2
	Bina
soyabean-4
	Check
	Bina
soyabean-2
	Bina
soyabean-4

	Chandpur
	Hymchar
	4
	118
	115
	125
	1.72
	1.95
	2.02
	-14.85
	-3.47

	Noakhali
	Shubarnachar
	4
	119
	114
	118
	1.80
	1.85
	1.70
	5.90
	8.83

	Laxmipur
	Ramgati
	4
	117
	112
	115
	1.65
	1.25
	1.66
	-0.60
	-24.70

	Total
	12
	-
	-
	-
	-
	-
	-
	-
	-

	Mean
	
	118
	114
	119
	1.72
	1.68
	1.79
	-3.18
	-6.45



The results presented in Table 11 showed that average duration and yield of Binasoyabean-2, Binasoyabean-4 and Local check variety were 118, 114 and 119 days and 1.72, 1.68 and 1.79 t ha-1, respectively. It is indicating that there were almost no difference among the varieties in respect of yield. 

Block farming of lentil variety Binamasur-5 in different locations in collaboration with DAE	
A total of 20 block farming with Binamasur-5 were set up at the farmer’s fields in 5 upazila under 5 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. Data on crop duration, insect and disease infestation and seed yield were recorded. The results are presented in Table 12.




Table 12. 	Performance of Binamasur-5 compared to popular cultivar in different locations during 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration 
(days)
	Yield
(t ha-1)

	
	
	
	
	

	 Jassore
	Bagharpara
	10
	103
	1.46

	Magura
	Sadar
	4
	106
	1.45

	Jhenaidah
	Kaligonj
	2
	107
	2.02

	Mymensingh
	Gowripur
	2
	107
	1.17

	Netrakona
	Purbadhala
	2
	105
	1.25

	Total
	20
	-
	-

	Mean
	
	105.60
	1.47



The data in Table 12 indicated that almost no difference was observed in duration of Binamasur-5 and the check variety. The highest seed yield (2.02 t ha-1) was recorded at Kaligonj upazila of Jhenaidah district. 
Block farming of lentil variety in different locations in collaboration with DAE
A total of 14 block farming with Binamasur-6 were set up at the farmer’s fields in 3 upazila under 3 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 of the demonstration plots was one acre. Data on crop duration, insect and disease infestation and seed yield were recorded. The results are presented in Table 13.


Table 13. 	Performance of Binamasur-6 compared to popular cultivar in different locations during 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration 
(days)
	Yield
(t ha-1)

	
	
	
	
	

	Jassore
	Bagharpara
	10
	89
	1.56

	Magura
	Sadar
	3
	108
	1.43

	Jhenaidah
	Kaligonj
	1
	106
	1.62

	Total
	14
	-
	-

	Mean
	
	101
	1.54



The data in Table 13 indicated that almost no difference was observed in duration of Binamasur-6 and the check variety. The highest seed yield (1.62 t ha-1) was recorded at Kaligonj upazila of Jhenaidah district
Adaptive trail of lentil variety Binamasur-7, Binamasur-8 and Binamasur-9 and BARI masur-6 in different locations in collaboration with DAE
A total of 10 block farming with Binamasur-7, Binamasur-8, Binamasur-9 and BARI masur-6 were set up at the farmer’s fields in 4 upazila under 3 districts. The main objectives were to demonstrate and evaluate the performance of Binamasur-7, Binamasur-8 and Binamasur-9 compared to BARI masur-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. Data on crop duration, insect and disease infestation and seed yield were recorded. The results are presented in Table 14.


Table 14. Performance of lentil varieties in different locations during 2016-17
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]District
	Upazilla
	No. of
Expt.
	Duration
(days)
	Yield 
(t ha-1)
	Yield increased over control (%)

	
	
	
	Binamasur-7
	Binamasur-8
	Binamasur-9
	BARI masur-6
	Binamasur-7
	Binamasur-8
	Binamasur-9
	BARI masur-6
	Binamasur-7
	Binamasur-8
	Binamasur-9

	Gopalgonj
	Kashainy
	4
	108
	107
	107
	108
	1.26
	1.42
	1.61
	1.35
	1.35
	-6.67
	3.70

	
	Sadar
	2
	105
	104
	104
	104
	1.2
	1.33
	1.42
	1.35
	1.25
	-4.00
	4.00

	Faridpur
	Madhukhali
	4
	106
	105
	105
	105
	1.71
	1.85
	1.76
	1.77
	1.31
	15.27
	6.87

	Magura
	Sadar
	2
	108
	101
	104
	103
	1.29
	1.41
	1.15
	1.16
	1.16
	11.21
	21.55

	Total
	10
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Mean
	-
	106
	103
	104
	104
	1.40
	1.53
	1.44
	1.43
	1.24
	7.49
	10.81



The data in Table 14 indicated that almost no difference was observed in duration of    Binamasur-7, Binamasur-8 and Binamasur-9 and the check variety. The highest seed yield 1.85 t ha-1 of Binamasur-8 was recorded at Madhukhali upazila of Faridpur district. 





Block farming of Binamoog-8 in different locations in Collaboration with DAE	
A total of 35 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 15.

Table 15. 	Performance of Binamoog-8 compared to popular cultivar in different locations during 2016-17
	District
	Upazilla
	No. of
Demon.
	Duration (days)
	Yield (t ha-1)
	Yield increased over control (%)

	
	
	
	Binamoog-8
	Check
	Binamoog-8
	Check
	

	Barisal
	Bakherganj
	15
	66
	76
	0.93
	0.80
	16.25

	Patuakhali
	Baufal
	15
	58
	74
	1.54
	0.76
	102.63

	Dinajpur
	Fulbari
	5
	67
	71
	1.76
	1.38
	27.54

	Magura
	Sadar
	5
	64
	67
	1.37
	1.16
	18.10

	Total
	35
	-
	-
	-
	-
	-

	Mean
	
	64
	72
	1.4
	1.03
	41.13



It is revealed from the Table 15 Binamoog-8 produced average seed yield of 1.4 t ha-1, which was 41.13 percent higher then the control variety BARI moog-6 (1.03 t ha-1). The highest seed yield 1.76 t ha-1 of Binamoog-8 was recorded at Fulbari upazila of Dinajpur district. Farmers show their positive attitude to cultivate this variety.
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) at the farmer’s fields in surrounding areas of BINA Head quarter. Results of overall promotional activities related to BINA-Technology village establishment at different locations are presented in Table 16
Block demonstration with BINA developed different crop varieties in surrounding areas of BINA Head quarter, Mymensingh
During 2016-17, 49 blocks demonstrations were conducted with BINA developed three crop varieties at Austradhor and Kolladia villages under sadar and Gouripur upozila of Mymensingh district.Results of demonstrations are presented in Table 16.
Table 16.  Performances of some BINA released varieties in Mymensingh district during 2016-17
	Variety
	Upazilla
	 Total No. of
Demon.
	Average Duration 
in days
	Yield
(t ha-1)

	Rice 
Binadhan-14
	Sadar
	1
	116
	4.12

	
	Gouripur
	20
	118
	3.95

	Total
	
	21
	
	

	Mean
	
	
	117
	4.04

	Oilseeds
Binasarisha-9
Binasarisha-10
Binatil-2
	
Gouripur
	
22
	
84
	
1.63

	
	Sadar
	2
	75
	1.21

	
	Sadar
	3
	90
	0.98

	Pulse
Binamasur-5
	
Gouripur
	
1
	
106
	
1.16

	Grand Total
	-
	49
	-
	-



Mymensingh district is mostly suitable for rice cultivation and that of partly for mustard growing. Results in Table 16 depict that rice variety of Binadhan-14 produced average grain yield of 4.04 t ha-1 , Binasarisha-9 produced average grain yields of 1.63 t ha-1 , Binasarisha-10 produced average grain yields of 1.21 t ha-1, Binatil-2 produced average grain yields of 0.98 t ha-1 and Binamasur-5 produced average grain yields of 1.16 t ha-1. 
Training on the use of BINA developed technologies
In order to technology promotion, 2 training courses were organized during the period of 2016-17. A total of 50 DAE personnel (Sub-assistant Agriculture Officers, SAAO) and 75 female and male farmers were trained on establishment of demonstration & seed preservation method of BINA developed Pulse and Oilseed varieties. Details of the training and workshops are presented in Table 17.
Table 17. Farmers and SAAO Training on the use of BINA developed technologies during 2016-2017
	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 Pulse and Oilseed varieties
	Magura
	75

	Pusti ....
Project

	2.
	SAAO training on “establishment of demonstration  & seed preservation method of BINA developed Pulse and Oilseed varieties
	Magura
	50
	Pusti ....
Project



Field Day
In order to motivate the farmers to adopt BINA developed varieties/technologies, 6 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 14.
Table 18. Field days organized at the farmers fields on different crop varieties during 2016-2017
	Sl. No.
	Crops
	Varieties
	Date
	Locations
	Participants

	1
	Mustard
	Binasarisha-9 
	07.02.2017
	Gouripur, Mymensingh
	200

	
	
	Binasarisha-10
	08.02.2017
	Gouripur, Mymensingh
	200

	3
	Rice
	Binadhan-7, 15, 16 & 17
	27.09.2017
	Jagla, Magura
	200

	
	
	Binadhan-7, 15, 16 & 17
	28.09.2017
	Shibrampur, Magura
	200

	
	
	Binadhan-11
	07.11.2017
	Sadar, Kishoreganj
	200

	
	
	Binadhan-11
	07.11.2017
	Kotiadi, Kishoreganj
	200


Publications and photographic enrichment 
For technology transfer through printed media, publications were made on two types of leaflets/folder totaling 10000 copies during this period. Besides these, one programme was telecast to popularize some BINA crop varieties. Details of the publication activities and electronics media exposure are presented in Table 19 and Table 20.
Table 19.	List of booklet/leaflets made on different crop varieties and electronic media exposure during 2016-17
	Sl. No.
	Name of crops/varieties
	Name of publication
	Language
	Copies printed

	1. 
	Binadhan-7
	Leaflet/Folder
	Bangla
	5000

	2.
	A list of BINA released varieties
	
	
	5000

	                                                                                                            Total =
	10000



	Table 20. Electronic media exposure on different crop varieties during 2015-16

	Sl. No.
	Name of crops/ varieties
	Name of the channel
	Location
	Remarks

	1.
	Binasarisha-9 & 10
	Masranga
	Gouripur, Mymensingh
	It was very effective for Awareness creation





 


HORTICULTURE DIVISION

Research Highlights

Tomato

Total production of breeder seeds of Binatomato-10, Binatomato-11 and Binatomato-12 were 500 g, 550 g and 400 g respectively. Two exotic lines (HM-2853 and Philli-2) including check were evaluated in respect of fruit yield. The highest fruit yield was found in Philli-2 (78.20 t ha-1) which was followed by Binatomato-11 (76.25 t ha-1). The HM-2853 showed the lowest fruit yield (67.85 t ha-1) in all the genotypes. 

Brinjal (M4)

The M4 mutants of brinjal were evaluated at BINA farm and Ishurdi sub-station The mutant line IndM4D75P43 showed the highest fruit yield at Mymensingh (5.33 kg plant-1) followed as Ishurdi (4.68 kg plant-1). 

Chili (M6) 

Two experiments were conducted at BINA HQ farm and Sutiakhali farmer’s field, Mymensingh to see the performance of M6 mutant population of chilli. Among the eight mutant lines the mutant CM6D75P1 (Proposed Binamorich-1) produced high yield potential in respect of control and this line was selected for releasing a new variety.

Bottle gourd (M3)

An experiment with M3 Mutants of Bottle gourd was conducted at Sutiakhali, Mymensingh during rabi season 2016-17 to select desirable mutants. Among the selected 8 mutants lines BL-4M3D300P21R3 produced the highest number of fruits (75 fruits/plant) in all the mutants populations.  The selection procedure will be continued in next season. 

Cucumber

An experiment was conducted at BINA farm, Mymensingh to screen the M2 mutants from local cucumber variety of Norsingdi. Among the 18 mutants lines CM2D100P3, CM2D100P5 and CM2D300P3  produced the highest  number of fruits/ plant (18 fruits/plant) as compared to parent, Norsingdi local (control; 11 fruits/plant). 

Garlic 
In an experiment of garlic conducted at Sutiakhali farmer’s field and found that the AC-5 (proposed Binarashun-1) produced the highest yield (15.20 t/ha) followed by BAU Rashun-1 (12.81 t/ha). This AC-5 was registered as a new variety Binarashun-1 from the National Seed Board of Bangladesh.
Onion

An experiment was conducted to screen the mutant population (M2) of 9 onion accessions The M2 populations TD50P1 = 4.21 g, TD75P1 = 4.9 g, TD100P1 = 4.30 g, O3D0P3 = 4.91 g, O3D100P11 = 4.30 g, O4D100P13 = 4.60 g, ID0P1 = 11.5 g, ID50 P2= 10.0 g, ID75P4 = 15.6 g and ID100P5 = 12.32g produced high seed yield compared to their mother. The selection procedure will be continued in next season. 

Ginger

M2 populations of 10 ginger accessions were evaluated among the ten genotypes of ginger, most of all M2 populations produced higher yield at 2 Gy compared to their mother. The mutant population, irradiated by 2 Gy would be evaluated for rhizome yield and other characters in the next year.

Carrot

Evaluated two varieties (Brasilia agroflora and Prima agroflora) and three doses of gamma radiation viz. 50 Gy, 75 Gy and 100Gy at BINA HQ farm. The 75 Gy treated plants produced the highest seed yield. 

· In case of Brasilia agroflora variety the highest seed yield (1395.20 kg/ha) was recorded from V1D75P14 populations while the lowest yield (836.80 kg/ha) was recorded from V1DoP4 populations.
· In case of Prima agroflora variety, the highest seed yield (1440.00 kg/ha) was recorded from V2D100P22 populations while the lowest yield (840.00 kg/ha) was recorded from V2DoP2 populations.

Malta 

M2 population of Malta were evaluated at the BINA farm, Mymensingh. Scions of five Malta accessions (Thai Malta, Malaysian Malta, Nagpuri Malta and Washington Naval Malta) and root stock were collected from BAU-Germplasm centre on 22th December, 2015. The highest plant height (250) and no. of leaves (2640) were recorded in BLD0P1 and BLD0P2 respectively which was followed by MMD40 (215) and NMD20 (2067), respectively. In case of number of fruits per plant BLD0P1 produced the highest no. of fruits (91) plant-1 followed by BLD0P3 (70). Non irradiated Washington Malta fruits gained maximum wt. (85) followed by BLD0 plant-1 (52).  


Pomegranate, BARI Malta-1 and Indian Malta

Scions of different types of pomegranate (india) and three malta (Pomegranate, BARI malta-1 and Malta-India) and root stock were collected form BAU germplasm centre, BARI and also from India which were evaluated at BINA HQ farm. The length, breath and total weight of fruits per plant was more or less similar. So it is concluded that the introduced pomegranate species will be adapted in our country. The PIP5 and BARI malta-1 gave better performance than the others.   

Seed production of Binatomato-10, Binatomato-11 and Binatomato-12 

Produced seeds of Binatomato-10, Binatomato-11 and Binatomato-12 at Mymensingh during rabi season 2016-2017. Seed production of these released varieties was necessary for extension to the farmers’. Unit plot size was 19 m × 6 m and spacing was 75 cm × 60 cm. Recommended production packages were followed to ensure normal plant growth and development. Data on seed and fruit yield were recorded at the final harvests. Total production of seeds of Binatomato-10, Binatomato-11 and Binatomato-12 were 500 g, 550 g and 400 g, respectively (Table-1). The yield (t/ha) of seeds and fruits were low due to unfavorable environmental conditions such as early blight of tomato.

Table 1. Performance of tomato genotypes on seed yield grown under field condition at Mymensingh during rabi season 2016-17
	Genotypes
	Fruit yield
(t ha-1)
	Seed yield
(g)

	Binatomato-10
	46.76 c
	500.0

	Binatomato-11
	66.54 a
	550.0

	Binatomato-12
	60.26 b
	400.0



Advanced yield trial of two exotic genotypes of tomato in winter season

The field experiment was conducted to assess the performance of two exotic lines with standard check at BINA farm, Mymensingh during the rabi season. The experiments were laid out following randomized complete block design with three replications. Unit plot size was 5 m × 4 m and spacing was 75 cm × 60 cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters such as plant height, number of fruits per plant, fruit weight per plant and average fruit weight were taken from five randomly selected plants. Fruit yield of each plant was recorded at the final harvests. 

Significant variation was observed in all the characters of tomato grown at BINA head quarter farm (Table 2). The tallest plant was found in Philli-2 (95.00 cm) followed by HM-2853 (93.24 cm). The highest number of fruits plant-1 was recorded in Philli-2 (37.15 no. plant-1) followed by HM-2853 (33.56 no. plant-1). The highest fruit yield was found in Philli-2 (78.20 t ha-1) which was followed by Binatomato-11 (76.25 t ha-1). The HM-2853 showed the lowest fruit yield (67.85 t ha-1) in all the genotypes. 

Table 2. Performance of tomato genotypes on seed yield grown under field   condition at Mymensingh

	Mymensingh (Head quarter)

	Genotypes 
	Plant height (cm)
	fruit/plant (No.)
	Fruit weight
(kg plant-1)
	Fruit yield
(t ha-1)

	Philli-2
	95.00 a
	37.15 a
	3.50
	78.20 a

	HM-2853
	93.24 b
	33.56 b
	3.00
	67.85 c

	Binatomato-11
	91.00 c
	32.00 b
	3.25
	76.25 b

	S D (±)
	2.00
	2.64
	0.24
	5.49


The common letter in a column did not differ significantly at 5% level of probability as per DMRT

Performance of promising mutant (M4) of brinjal

Mymensingh:
The experiment was conducted at BINA farm, Mymensingh to observe the performance of M4 mutants of brinjal. Seedlings of the genotypes were transplanted during 2nd week of November, 2016. The experiment was laidout with eight mutants of brinjal using suggested spacing 70cm × 60cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters, such as plant height, number of branch/plant, number of fruit/plant, fruit yield and average fruit weight were taken from each mutant. Results showed that the mutants differed for yield and yield attributes (Table 3). The mutant line IndM4D75P43 showed the highest fruit yield (5.33 kg plant-1) which was statistically similar to IndM4D75P38 (5.31 kg plant-1) and  IndM4D75P42 mutant (4.89  kg plant-1). The rest mutants IndM4D75P13, IndM4D75P29 and IndM4D75P30  showed the fruit yield ranged from 3.62-4.74 kg/plant. It could be concluded that the mutants IndM4D75P38 & IndM4D75P43 contributed the highest yield (126.5 t/ha) followed by IndM4D75P43 (116.43t/ha) as compared to control (26.67 t/ha).
 




Table 3. Yield and yield attributes of M4 mutants of brinjal

	Mutant/Variety
	Plant height (cm)
	Branch         plant-1 (no.)
	Fruit       plant-1(no.)
	Total fruit wt. plant-1(kg)
	Yield. (tha-1)

	IndM4D75P13
	74
	9
	5
	3.62 c
	86.19 e

	IndM4D75P29
	91
	12
	7
	4.18 b
	99.53 d

	IndM4D75P30
	93
	10
	9
	4.74 b
	112.86 c

	IndM4D75P38
	90
	13
	19
	5.31 a
	126.43 a

	IndM4D75P42
	69
	9
	16
	4.89 b
	116.43 b

	IndM4D75P43
	99
	13
	17
	5.33 a
	126.91 a

	IndM4D75P45
	94
	13
	14
	3.67 c
	87.38 e

	IndM4D75P49
	99
	12
	7
	3.99 c
	95.00 d

	Control (Parent)
	88
	7
	11
	1.12 d
	26.67 f

		S D (±)



	9.41
	2.24
	4.28
	1.23
	9.34


The common letter in a column do not differ significantly at 5% level of probability


Ishurdi Substation

The experiment was conducted at Ishwardi substation farm to observe the performance of M4 mutants of brinjal. Seedlings of the mutants were transplanted during 2nd week of November, 2016. The experiment was laid out with eight mutants using suggested spacing of 70 cm × 60 cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters, such as plant height, number of branch/plant, number of fruit/plant, fruit yield and average fruit weight were taken from each mutants. Results showed that the mutants differed for yield and yield attributes (Table 4). The mutant line IndM4D75P38 showed the highest fruit yield (4.88 kg plant-1) which was statistically similar to IndM4D75P43 (4.68 kg plant-1) and  IndM4D75P42 mutant(4.67  kg plant-1). The rest mutants showed the fruit yield ranged from 4.16-4.23 kg/plant. It could be concluded that the mutant IndM4D75P38 contributed the highest fruit yield (116.19 t/ha) followed by IndM4D75P49 and IndM4D75P43 as compared to control (39.76 t/ha).






Table 4. Yield and yield attributes of M4 population of brinjal at Ishwardi substation farm 
	Mutant/Variety
	Plant height (cm)
	Branch plant-1 (no.)
	Fruit plant-1 (no.)
	Total fruit wt. plant-1(kg)
	Yield. (tha-1)

	IndM4D75P13
	71
	9
	6
	3.53 b
	84.05 d

	IndM4D75P29
	84
	11
	8
	4.16 a
	99.05 b

	IndM4D75P30
	86
	9
	9
	4.23 a
	100.72 b

	IndM4D75P38
	82
	11
	15
	4.88 a
	116.19 a

	IndM4D75P42
	68
	10
	14
	4.67 a
	111.19 a

	IndM4D75P43
	91
	12
	16
	4.68 a
	111.43 a

	IndM4D75P45
	88
	12
	14
	3.73 b
	88.81 c

	IndM4D75P49
	93
	11
	8
	3.72 b
	88.57 c

	Control (Parent)
	82
	8
	9
	1.67 c
	39.76 e

		S D (±)



	7.11
	1.64
	3.26
	1.05
	24.89


The common letter in a column do not differ significantly at 5% level of probability

Performance of M6 mutants of Chili 
On Station Trial
The experiment was conducted to observe the performance of the mutant (M6) of chilli. Farmer’s field trial and on station trial with desirable mutants had been done at BINA HQ and Sutiakhali farmer’s field, Mymensingh. Selection and harvest of M6 mutants with desirable characters were done during rabi season, 2016-17 at BINA HQ farm, Mymensingh. Seedlings of the mutant plants were transplanted during 2nd week of November, 2016. The experiment was laid out following RCBD with 3 replications using suggested spacing of 50 cm × 40 cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters, such as plant height, fruit length, fruit diameter, number of fruit/plant, fruit yield and average fruit weight were taken from each mutants. Results showed that the desirable mutant CM6D75P1 (Proposed Binamorich-1) produced the highest yield (35.28 tha-1).  Although this mutant showed lower fruit number per plant but fruit size was bigger. The rest mutants produced fruit yield ranged from 21.70 to 29.18 t/ha excluding the pungent mutant (17.50 t/ha). The mother showed the lowest yield (16.70 t/ha). 





Table 5. Yield and yield attributes of M6 mutants of Chili at BINA HQ, Mymensingh

	Mutant/
Variety
	Plant
height (cm)
	Branch        plant-1(no.)
	Fruits
plant-1(no.)
	Yield
plant-1(g)
	Yield
(tha-1)

	CM6D75P1
(Proposed Binamorich-1)
	70.12
	8.00
	56.58
	678.00
	35.28*

	CM6D150P39
	52.07
	8.00
	60.60
	583.60
	29.18*

	CM6D150P46
	59.00
	9.00
	45.13
	434.00
	21.70

	CM6D150P49
	56.73
	10.00
	48.00
	439.00
	21.95

	CM6D150P77
	61.00
	11.00
	62.67
	571.33
	28.57*

	CM6D150P81
	53.27
	9.00
	33.07
	404.00
	20.20

	CM6D300P93
	60.33
	8.00
	50.53
	573.67
	28.68*

	CM6D75P8 (Pungent)
	55.93
	7.75
	30.27
	385.50
	17.50

	Mother
	62.15
	7.50
	30.50
	390.00
	16.70

	SD(±)
	6.04
	1.97
	12.11
	128.90
	5.62



Farmer’s Field Trial

The experiment was conducted at Sutiakhali farmer’s field during rabi season 2016-17 to observe the performance of promising mutant (M6) of chilli. The experiment was laid out following RCBD with 3 replications using suggested spacing 50 cm × 40 cm. Recommended production packages were followed to ensure normal plant growth and development. Results showed that the desirable mutant CM6D75P1 (Proposed Binamorich-1) produced the highest yield (31.17 tha-1).  Although this mutant showed lower fruit number per plant but fruit size was bigger. The rest mutants produced fruit yield ranged from 21.90 to 28.23 t/ha excluding the pungent mutant (16.61 t/ha). The mother showed the lowest yield (15.85 t/ha). 










Table 6. Yield and yield attributes of M6 mutants of Chili at Sutiakhali farmer’s field, Mymensingh

	Mutant/
Variety
	Plant
height (cm)
	Branch        plant-1(no.)
	Fruits
plant-1(no.)
	Yield
plant-1(g)
	Yield
(tha-1)

	CM6D75P1
(Proposed Binamorich-1)
	66.25
	9.00
	60.52
	625.53
	31.17*

	CM6D150P39
	47.13
	8.00
	60.17
	561.49
	28.07*

	CM6D150P46
	55.32
	9.00
	50.52
	483.48
	24.17

	CM6D150P49
	51.96
	9.00
	44.25
	438.08
	21.90

	CM6D150P77
	56.28
	10.00
	61.85
	564.69
	28.23*

	CM6D150P81
	47.85
	10.00
	37.89
	442.18
	22.11

	CM6D300P93
	54.89
	9.00
	48.52
	559.44
	27.97*

	CM6D75P8 (Pungent)
	46.32
	8.00
	32.15
	332.11
	16.61

	Mother
	61.50
	7.91
	29.90
	399.50
	15.85

	SD(±)
	6.56
	0.76
	11.04
	94.78
	4.74




Evaluation of M3 mutants of bottle gourd 

The experiment was conducted at Sutiakhali, Mymensingh during rabi season 2016-17 to evaluate the performance of M3 mutants of bottle gourd. The experiment was laid out in row planting method using recommended spacing (3 plants per mada), production packages were followed to ensure normal plant growth and development. Data on various characters, such fruit length, fruit diameter, number of fruit/plant, fruit yield and average fruit weight were taken from each mutant (Table 7). 

Results showed that BL-4M3D300P21R3 produced the highest number of fruits (75 fruits/plant) in all the mutants population. The mutants BL-4M3D75P2R3, BL-4M3D300P19R1, BL-4M3D75P2R1 and BL-4M3D150P10R2 showed the fruit number per plant ranged from 24-27 fruits/plant. The mother and China control produced fruits/plant ranged from 16-18 fruits/plant. Some mutants are different in colour, shape and size. 


Table 7. Yield and yield attributes of elite M3 mutants of Bottle gourd 

	Mutant/Variety
	No. of fruits
plant-1(no.)
	Length of fruit
(cm)
	Diameter of fruit (cm)
	Colour

	BL-4(control) R3
	16
	44.77
	42.11
	Dark green with whitish spot

	China (Control) R1
	18
	43.20
	41.80
	Whitish

	BL-4M3D75P2R1
	25 ⃰
	50.37
	45.93
	Light green

	BL-4M3D75P2R3
	27 ⃰
	48.38
	50.76
	Light green

	BL-4M3D150P10R2
	24
	48.06
	50.81
	Light green

	BL-4M3D300P16R1
	23
	50.42
	48.92
	Dark green

	BL-4M3D300P18R2
	22
	43.00
	47.87
	Dark green

	BL-4M3D300P19R1
	25 ⃰
	48.42
	47.57
	Whitish green

	BL-4M3D300P20R3
	16
	44.70
	44.25
	Light green

	BL-4M3D300P21R3
	75 ⃰
	45.23
	44.85
	Light green

	SD(±)
	17.27
	2.80
	3.25
	



Screening of M2 mutants of cucumber 

The experiment was conducted at BINA farm, Mymensingh to screen the M2 mutants from local cucumber variety of Norsingdi. The experiment was laid out in row planting method using recommended spacing. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters, such as fruit length, fruit diameter, number of fruit/plant, fruit yield and average fruit weight were taken from each mutants (Table 8). Results showed that the number of fruit ranged from 12 to 18 fruit plant-1. Some mutants CM2D100P3, CM2D100P5 and CM2D300P3  produced the highest  number of fruits/ plant (18 fruit/plant) as compared to parent, Norsingdi local (control; 11 fruit/plant). Some mutants are different in color, shape and size. The highest yield (18.41 kg/plant) was found in CM2D100P3 mutant and the lowest yield (5.14 kg/plant) was in the control plant.









Table 8. Yield and yield attributes of M2 mutant of cucumber at BINA farm, Mymensingh

	Mutant/Variety
	First flowering
	First fruiting
	Average length of fruit (cm)
	Average diameter of fruit (cm)
	No. of fruits/ plant
	Yield/ plant (kg)

	CM2D100P1
	03.05.2017
	13.05.2017
	24.57
	6.98
	17
	13.43

	CM2D100P2
	05.05.2017
	15.05.2017
	23.30
	6.46
	15
	7.93

	CM2D100P3
	06.05.2017
	15.05.2017
	26.50
	8.25
	18
	18.41

	CM2D100P4
	05.05.2017
	14.05.2017
	21.42
	7.08
	17
	9.34

	CM2D100P5
	05.05.2017
	14.05.2017
	19.87
	7.03
	18
	10.34

	CM2D100P6
	06.05.2017
	15.05.2017
	23.00
	7.32
	14
	9.09

	CM2D100P7
	06.05.2017
	16.05.2017
	19.90
	6.60
	15
	7.59

	CM2D100P8
	01.05.2017
	10.05.2017
	19.14
	6.34
	17
	6.63

	CM2D200P1
	05.05.2017
	15.05.2017
	19.50
	6.76
	13
	8.32

	CM2D200P2
	10.05.2017
	19.05.2017
	21.00
	6.65
	14
	9.29

	CM2D200P3
	09.05.2017
	18.05.2017
	22.50
	7.60
	12
	8.36

	CM2D200P4
	10.05.2017
	19.05.2017
	16.00
	6.00
	12
	5.83

	CM2D300P1
	01.05.2017
	10.05.2017
	19.14
	6.34
	17
	6.63

	CM2D300P2
	05.05.2017
	14.05.2017
	16.75
	5.17
	14
	4.81

	CM2D300P3
	03.05.2017
	12.05.2017
	19.57
	7.02
	18
	11.41

	CM2D300P4
	05.05.2017
	14.05.2017
	16.92
	5.85
	17
	6.58

	CM2D300P5
	03.05.2017
	12.05.2017
	17.25
	6.45
	14
	6.74

	CM2D300P6
	05.05.2017
	14.05.2017
	16.25
	6.45
	12
	5.53

	Parent (Norsingdi local)
	10.05.2017
	18.05.2017
	15.00
	5.12
	11
	5.14

	SD(±)
	-
	-
	3.13
	0.76
	2.33
	3.26



Evaluation of M2 mutants of Garlic

The experiment was conducted to observe the performance of the M2 mutants of Garlic viz. BAURasun-1, BAURasun-2, BAURasun-3, BAURasun-4 and AC-5.  Seeds (Cloves) of the garlic were planted during 2nd week of November, 2016. 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. Data on various characters were taken from each mutants.

Results showed that the M2 populations differed with the check (Mother) variety for yield and yield attributes (Table 9-13). In case of BAURasun 1, yield of the M2 populations were observed ranged from 9.81 t/ha to 13.33 t/ha whereas the highest yield (13.33 t/ha) was produced by the B1M2D0.75P1 mutant plants.  The B1M2D0.75P1 plant produced the highest yield (13.33 t/ha) which was followed by B1M2D0.75P6 (13.27 t/ha). The lowest yield was produced by B1M2D1.5P1 (9.81 t/ha) (Table. 9).

In case of BAURasun 2, yield of  M2 populations were observed ranged from 5.44 to 8.1 t/ha. The B2M2D0.75P2 and B2M2D0.75P3 plant produced the highest yield (8.11 t/ha) which was followed by B2M2D0.75P4 (7.79 t/ha). The lowest yield was produced by B2M2D1.0P2 and B2M2D2.0P3 (5.44 t/ha) (Table. 10).

In case of BAURasun 3, yield of M2 populations were observed ranged from 7.36 to 12.00 t/ha. The B3M2D1.0P3 mutant plant produced the highest yield (12.00 t/ha) which was followed by B3M2D0.75P1 (11.25 t/ha). The lowest yield was produced by B3M2D2.0P4 (7.36 t/ha) (Table. 11).

In case of BAURasun 4, yield of M2 populations were observed ranged from 7.14 to 14.03 t/ha. The B4M2D1.0P4 plant produced the highest yield (14.03 t/ha) which was followed by B4M2D1.0P1 and B4M2D1.0P2 (13.65 t/ha & 13.65 t/ha respectively). The lowest yield was produced by B4M2D2.0P2 (7.14 t/ha) as well as the mother plant also produced the yield was 11.68 t/ha (Table. 12).

The genotype AC-5 of garlic responded well to the gamma irradiation. In case of AC-5  population, yield of M2 populations were observed ranged from 11.46 to 15.46 t/ha. The AC-5M2D0.75P1 plant produced the highest yield (15.46 t/ha) which was followed by AC-5M2D1.0P1 (14.82 t/ha) and AC-5M20.75P6 (14.66 t/ha). The AC-5M2D0.75P2, AC-5M2 D0.75P7 and AC-5M2 D1.0P5 produce higher bulb yield (14.50 t/ha) than mother (13.91 t/ha). The lowest yield was produced by AC-5M2 D1.5P4 (11.46 t/ha) the mother without irradiation (13.91 t/ha) (Table. 13).


Table 9. Yield and yield attributes of M2 populations of Garlic BAURasun-1

	M2
population
	Emergence
(%)
	Plant height
(cm)
	Leaf/
plant
(no.)
	LB
(cm)
	BB (cm)
	Fresh Weight of Bulb (g)
	Clove/plant
(no.)
	Clove yield/
plant
(kg)
	Bulb yield
(t ha-1)

	B1M2D0.75P1
	100
	79.00
	12.44
	3.00
	3.45
	25.00
	17.58
	2.00
	13.33

	B1M2D0.75P2
	98.75
	79.50
	13.33
	2.49
	3.11
	24.40
	15.00
	1.95
	13.01

	B1M2D0.75P3
	98.75
	78.23
	11.45
	2.51
	3.23
	23.30
	17.00
	1.86
	12.42

	B1M2D0.75P5
	97.5
	77.49
	10.56
	2.62
	3.10
	22.12
	14.48
	1.76
	11.79

	B1M2D0.75P6
	98.75
	76.32
	10.69
	2.48
	3.32
	24.89
	14.40
	1.99
	13.27

	B1M2D0.75P8
	98.75
	75.40
	11.58
	2.90
	3.42
	21.56
	14.60
	1.72
	11.49

	B1M2D0.75P9
	96.25
	74.20
	9.40
	2.89
	2.95
	20.66
	16.40
	1.65
	11.02

	B1M2D0.75P11
	96.25
	75.40
	9.52
	2.88
	2.91
	23.30
	16.00
	1.86
	12.43

	B1M2D0.75P12
	95.25
	72.40
	9.42
	2.78
	3.11
	21.46
	16.46
	1.72
	11.44

	B1M2D0.75P14
	95.25
	74.44
	9.88
	2.92
	3.24
	23.32
	17.21
	1.87
	12.44

	B1M2D1.0P1
	75.25
	69.00
	7.00
	2.80
	3.20
	21.00
	32.20
	1.68
	11.20

	B1M2D1.0P2
	75.00
	67.00
	6.70
	2.30
	3.20
	20.90
	28.40
	1.67
	11.14

	B1M2D1.0P3
	79.50
	69.50
	6.40
	2.38
	3.10
	18.80
	33.40
	1.50
	10.03

	B1M2D1.0P5
	75.00
	65.25
	5.30
	2.10
	2.70
	21.40
	27.30
	1.71
	11.14

	B1M2D1.0P6
	77.50
	60.80
	5.20
	2.00
	2.50
	20.30
	25.40
	1.62
	10.82

	B1M2D1.0P7
	78.20
	63.50
	4.80
	2.20
	2.60
	21.20
	24.30
	1.69
	11.30

	B1M2D1.5P1
	51.25
	61.00
	7.00
	2.50
	3.00
	18.40
	27.00
	1.47
	9.81

	B1M2D1.5P2
	50.20
	55.60
	6.20
	1.90
	2.90
	19.60
	34.30
	1.57
	10.45

	B1M2D1.5P3
	51.60
	56.20
	6.70
	1.80
	3.80
	18.60
	23.40
	1.48
	9.92

	B1M2D1.5P5
	53.60
	57.50
	6.70
	1.70
	2.70
	19.90
	24.50
	1.59
	10.61

	B1M2D2.0P1
	40.50
	51.20
	5.20
	1.88
	2.88
	20.20
	25.50
	1.61
	10.77

	B1M2D2.0P2
	35.90
	52.40
	4.30
	1.42
	2.42
	20.10
	23.60
	1.61
	10.73

	B1M2D2.0P4
	34.60
	48.20
	4.70
	1.52
	2.41
	21.40
	24.50
	1.71
	11.40

	B1M2D2.0P5
	35.70
	49.30
	5.50
	1.78
	2.70
	20.00
	23.60
	1.60
	10.67

	B1D0 (Mother)
	82.2
	75.00
	10.60
	2.90
	3.30
	18.60
	25.00
	1.49
	9.92

	Mean
	74.86
	66.55
	8.02
	2.34
	3.01
	21.21
	22.46
	1.69
	11.30

	SD (±)
	23.52
	10.26
	2.74
	0.49
	0.34
	1.93
	6.18
	0.15
	1.03



Table 10. Yield and yield attributes of M2 populations of Garlic BAURasun-2 

	M2
population
	Emergence
(%)
	Plant height
(cm)
	Leaf/
plant
(no.)
	LB
(cm)
	BB
(cm)
	WB
(g)
	No. clove/ plant
	Bulb yield/
plant
(kg)
	Clove yield
(t ha-1)

	B2M2D0.75P2
	71.15
	72.00
	11.40
	2.4
	3.4
	15.2
	29.0
	1.22
	8.10

	B2M2D0.75P3
	70.50
	70.00
	12.20
	2.0
	3.0
	15.1
	25.0
	1.21
	8.10

	B2M2D0.75P4
	69.50
	67.50
	12.10
	2.0
	3.0
	14.6
	24.0
	1.17
	7.79

	B2M2D0.75P5
	70.60
	71.50
	13.20
	2.5
	3.0
	13.2
	25.0
	1.06
	7.04

	B2M2D0.75P6
	72.30
	70.60
	12.60
	2.2
	3.0
	12.8
	26.0
	1.02
	6.82

	B2M2D0.75P8
	71.00
	69.50
	13.40
	2.1
	2.9
	12.0
	20.0
	0.96
	6.40

	B2M2D0.75P9
	71.00
	65.50
	11.40
	2.4
	2.9
	12.9
	22.0
	1.03
	6.88

	B2M2D0.75P10
	69.80
	68.00
	12.00
	2.8
	2.7
	14.0
	25.0
	1.12
	7.46

	B2M2D0.75P11
	65.50
	64.50
	11.00
	2.9
	2.9
	12.5
	20.0
	1.00
	6.66

	B2M2D0.75P12
	71.80
	70.20
	13.40
	2.5
	3.1
	11.0
	20.0
	0.88
	5.86

	B2M2D0.75P13
	73.70
	68.50
	14.10
	2.4
	3.0
	11.5
	22.0
	0.92
	6.13

	B2M2D1.0P2
	65.50
	54.00
	11.20
	2.5
	3.2
	10.2
	30.4
	0.82
	5.44

	B2M2D1.0P3
	65.50
	54.00
	4.50
	2.6
	3.0
	11.2
	24.4
	0.89
	5.97

	B2M2D1.0P5
	62.50
	51.50
	9.40
	2.95
	2.6
	10.8
	29.8
	0.86
	5.76

	B2M2D1.0P7
	63.50
	52.50
	9.10
	2.2
	2.7
	12.1
	29.0
	0.97
	6.45

	B2M2D1.5P1
	52.50
	49.00
	9.80
	2.5
	2.8
	12.0
	22.6
	0.96
	6.40

	B2M2D1.5P3
	51.50
	45.00
	9.60
	2.4
	2.9
	11.8
	22.2
	0.94
	6.29

	B2M2D1.5P4
	52.40
	47.25
	9.70
	2.35
	2.6
	12.8
	24.4
	1.2
	6.83

	B2M2D1.5P6
	52.50
	43.50
	9.80
	2.4
	2.4
	13.4
	20.7
	1.07
	7.15

	B2M2D2.0P1
	48.90
	42.00
	8.80
	2.55
	2.6
	12.0
	25.5
	0.96
	6.40

	B2M2D2.0P3
	46.20
	45.20
	8.70
	2.0
	2.7
	10.2
	24.5
	0.82
	5.44

	B2M2D2.0P4
	45.20
	42.00
	8.60
	2.1
	2.6
	10.4
	22.6
	0.83
	5.55

	B2D0 
(Mother)
	75.00
	70.00
	10.20
	2.8
	3.31
	14.4
	28.0
	1.15
	7.68

	Mean
	63.39
	58.86
	10.70
	2.42
	2.88
	12.44
	24.44
	1.00
	6.63

	SD (±)
	9.77
	11.37
	2.15
	0.28
	0.25
	1.51
	3.16
	0.13
	0.81






Table 11. Yield and yield attributes of M2 populations of Garlic BAURasun-3

	M2
population
	Emergence
(%)
	Plant height
(cm)
	Leaf/plant
(no.)
	LB
(cm)
	BB
(cm)
	WB
(g)
	No. clove/ plant
	Bulb yield/
plant
	Bulb yield
t/ha

	B3M2D0.75P1
	65.50
	68.0
	9.5
	2.9
	3.8
	21.12
	28
	1.68
	11.25

	B3M2D0.75P2
	65.60
	69.5
	7.7
	2.3
	3.5
	18.0
	24
	1.44
	9.6

	B3M2D0.75P3
	61.50
	65.5
	8.2
	2.1
	3.0
	17.5
	15.25
	1.4
	9.33

	B3M2D0.75P4
	62.30
	60.5
	6.5
	2.4
	2.3
	18.6
	19.5
	1.48
	9.92

	B3M2D0.75P5
	60.25
	61.0
	7.6
	2.2
	2.4
	16.9
	19.0
	1.35
	8.01

	B3M2D0.75P6
	68.80
	64.5
	6.5
	1.8
	2.3
	15.7
	18.5
	1.26
	8.37

	B3M2D0.75P7
	61.50
	63.0
	6.2
	1.7
	3.5
	18.9
	17.4
	1.51
	10.00

	B3M2D0.75P9
	60.50
	62.0
	7.4
	2.5
	5.0
	20.2
	20.6
	1.62
	10.77

	B3M2D0.75P10
	62.50
	63.0
	6.4
	2.5
	2.1
	15.7
	21.6
	1.25
	8.37

	B3M2D1.0P2
	58.70
	64.2
	9.5
	2.7
	3.5
	18.9
	12.4
	15.9
	10.61

	B3M2D1.0P3
	40.50
	61.7
	8.21
	2.3
	2.3
	16.8
	21.9
	1.34
	12.00

	B3M2D1.0P4
	42.50
	58.8
	7.87
	2.6
	3.0
	14.5
	22.9
	1.16
	7.73

	B3M2D1.0P5
	44.50
	62.0
	8.23
	1.8
	3.0
	14.6
	23.6
	1.12
	7.78

	B3M2D1.5P1
	42.60
	55.5
	9.5
	2.7
	4.5
	18.8
	27.6
	1.50
	10.02

	B3M2D1.5P2
	40.60
	50.0
	7.5
	2.3
	1.8
	16.2
	22.5
	1.29
	8.64

	B3M2D1.5P3
	48.50
	52.5
	7.4
	1.8
	1.9
	17.5
	24.3
	1.4
	9.33

	B3M2D1.5P5
	40.40
	50.8
	6.4
	2.1
	2.5
	15.2
	25.6
	1.2
	8.11

	B3M2D2.0P1
	32.20
	47.0
	7.8
	2.5
	2.2
	14.8
	22.6
	1.18
	7.89

	B3M2D2.0P2
	25.80
	40.2
	7.4
	1.8
	2.1
	14.4
	16.6
	1.15
	7.68

	B3M2D2.0P4
	31.20
	45.0
	6.5
	2.0
	2.3
	13.8
	16.8
	1.10
	7.36

	B3D0(Mother)
	75.00
	66.0
	9.1
	2.6
	3.7
	15.2
	22.9
	1.22
	8.11

	Mean
	51.95
	58.60
	7.69
	2.27
	2.89
	16.82
	21.12
	2.03
	9.09

	SD (±)
	13.99
	8.05
	1.07
	0.35
	0.88
	2.07
	4.02
	3.18
	1.33









Table 12.  Yield and yield attributes of M2 populations of Garlic BAURasun-4

	M2
population
	Emergence
(%)
	Plant height
(cm)
	Leaf/plant
(no.)
	LB
(cm)
	BB
(cm)
	WB
(g)
	No. clove/ plant
	Bulb yield/
plant
	Bulb yield
t/ha

	B4M1D0.75P1
	87.75
	89.1
	89.1
	3.1
	3.8
	23
	24
	1.84
	12.26

	B4M1D0.75P3
	85.50
	85.50
	85.2
	2.8
	3.5
	20
	20.5
	1.6
	10.66

	B4M1D0.75P4
	86.00
	86.1
	13.2
	2.3
	3.0
	20.4
	23.6
	16.3
	12.58

	B4M1D0.75P5
	87.00
	85.2
	10.6
	2.7
	3.5
	21.12
	21.4
	1.69
	11.30

	B4M1D0.75P6
	86.00
	86.1
	14.2
	2.8
	2.5
	21.3
	27.2
	1.70
	11.36

	B4M1D0.75P7
	87.00
	84.2
	11.6
	3.0
	2.8
	20.4
	17.3
	1.63
	9.30

	B4M1D0.75P8
	83.51
	78.8
	13.8
	2.3
	2.9
	19.6
	17.4
	1.39
	9.28

	B4M1D0.75P10
	84.20
	79.2
	14.2
	2.3
	2.1
	20.6
	18.2
	1.46
	9.71

	B4M1D0.75P11
	85.55
	80.2
	11.6
	2.4
	2.4
	20.8
	20.4
	1.63
	10.88

	B4M1D0.75P12
	86.75
	77.7
	11.6
	2.7
	2.4
	21.4
	17.8
	1.42
	9.44

	B4M1D0.75P13
	88.55
	80.5
	11.6
	2.0
	2.6
	19.6
	19.9
	1.59
	10.61

	B4M2D1.0P1
	76.66
	65.6
	9.6
	2.7
	3.5
	19.9
	25.6
	2.29
	13.65

	B4M2D1.0P2
	75.69
	64.2
	8.2
	2.3
	3.0
	21.0
	25.6
	2.04
	13.65

	B4M2D1.0P4
	73.60
	60.6
	9.1
	2.4
	2.4
	18.9
	26.3
	2.10
	14.03

	B4M2D1.0P5
	75.0
	66.6
	88
	2.8
	2.5
	18.2
	20.0
	1.46
	9.71

	B4M2D1.5P1
	60.5
	57.2
	7.5
	2.8
	3.2
	17.5
	21.2
	1.4
	9.33

	B4M2D1.5P2
	45.02
	50.5
	7.6
	1.9
	2.8
	15.6
	18.9
	1.25
	8.32

	B4M2D1.5P4
	55.26
	55.5
	77
	2.3
	2.6
	14.4
	17.4
	1.15
	7.68

	B4M2D1.5P5
	50.50
	51.5
	65
	2.8
	2.4
	14.2
	18.4
	1.13
	7.57

	B4M2D2.0P1
	45.55
	41.7
	55
	2.7
	3.0
	13.4
	24.4
	1.14
	7.62

	B4M2D2.0P2
	36.20
	40.2
	4.2
	2.2
	2.8
	14.5
	21.6
	1.07
	7.14

	B4M2D2.0P4
	31.69
	41.4
	41
	2.3
	2.3
	21.9
	17.6
	1.16
	7.73

	B4D0(Mother)
	89
	85
	13
	3.0
	3.3
	21.9
	14.3
	1.75
	11.68

	Mean
	72.28
	69.24
	29.21
	2.55
	2.84
	19.11
	20.83
	2.18
	10.24

	SD (±)
	18.80
	16.46
	30.25
	0.33
	0.46
	2.82
	3.47
	3.09
	2.09







Table 13.   Yield and yield attributes of M2 populations of Garlic AC-5

	M2
population
	Emergence
(%)
	Plant height
(cm)
	Leaf/plant
(no.)
	LB
(cm)
	BB
(cm)
	WB
(g)
	No. clove/ plant
	Bulb yield/
plant
	Bulb yield
t/ha

	AC-5M2D0.75P1
	89.5
	88.8
	13.2
	3.0
	3.9
	2.9
	24.8
	2.32
	15.46

	AC-5M2D0.75P2
	82.5
	82.6
	13.2
	2.9
	2.8
	27.2
	22.2
	2.17
	14.50

	AC-5M2D0.75P3
	79.5
	82.5
	11.5
	2.4
	3.3
	26.1
	24.8
	2.09
	13.92

	AC-5M2D0.75P4
	73.8
	79.6
	13.6
	1.9
	2.8
	26.5
	23.2
	2.12
	14.13

	AC-5M2D0.75P6
	78.0
	81.5
	12.6
	2.5
	2.8
	27.5
	18.6
	2.20
	14.66

	AC-5M2D0.75P7
	74.5
	81.0
	11.6
	2.4
	2.6
	27.2
	21.2
	2.17
	14.50

	AC-5M2D0.75P8
	77.5
	76.5
	13.9
	2.7
	2.8
	25.9
	20.6
	2.07
	13.81

	AC-5M2D0.75P9
	78.0
	80.0
	11.5
	2.2
	3.3
	26.6
	20.0
	2.13
	14.18

	AC-5M2D0.75P10
	76.6
	78.5
	13.6
	2.4
	2.8
	25.9
	21.2
	2.07
	13.81

	AC-5M2D0.75P12
	77.7
	79.5
	11.4
	2.5
	2.9
	24.3
	21.2
	1.94
	12.96

	AC-5M2D0.75P13
	78.8
	80.0
	11.6
	2.3
	2.8
	25.6
	16.4
	2.04
	13.65

	AC-5M2D1.0P1
	73.5
	70.7
	10.5
	3.0
	3.8
	27.8
	27.2
	2.22
	14.82

	AC-5M2D1.0P2
	28.8
	71.71
	8.2
	2.7
	3.0
	25.9
	24.2
	2.07
	13.81

	AC-5M2D1.0P4
	69.4
	72.2
	7.5
	2.2
	2.7
	25.7
	23.4
	2.05
	13.70

	AC-5M2D1.0P5
	63.6
	70.5
	5.9
	2.8
	3.2
	27.2
	24.2
	2.17
	14.50

	AC-5M2D1.5P1
	71.6
	70.2
	6.1
	2.4
	3.2
	25.2
	25.4
	2.01
	13.44

	AC-5M2D1.5P3
	62.2
	65.5
	7.5
	2.4
	3.1
	23.2
	21.6
	18.6
	12.37

	AC-5M2D1.5P4
	66.2
	65.2
	7.2
	2.2
	2.85
	21.5
	22.4
	1.72
	11.46

	AC-5M2D1.5P5
	68.5
	62.8
	9.1
	2.5
	3.5
	2.49
	2.39
	1.99
	13.28

	AC-5M2D2.0P1
	30.92
	61.2
	4.4
	2.3
	3.4
	23.9
	16.7
	1.91
	12.74

	AC-5M2D2.0P2
	27.6
	55.5
	3.1
	2.6
	3.1
	25.5
	19.6
	1.96
	13.06

	AC-5M2D2.0P4
	28.5
	61.5
	2.8
	2.3
	3.28
	2.30
	19.3
	2.04
	13.60

	AC-5D0(Mother)
	90
	89.2
	7.1
	28.0
	3.1
	20.65
	16.9
	1.35
	13.91

	Mean
	67.27
	74.20
	9.55
	3.59
	3.09
	22.56
	20.76
	2.76
	13.54

	SD (±)
	19.23
	9.16
	3.54
	5.33
	0.34
	8.27
	4.93
	3.46
	1.31







Morphological characteristics and yield performance of three accessions of garlic at the farmer’s field of Sutiakhali, Mymensingh

Plant height of AC-5 was 88.44 cm at 120 days after planting which was greater than BAU Rashun-1 and BARI Rashun-1 (84.66 cm & 75.66 cm, respectively). Number of leaves were also higher in AC-5 (11.50) compared to BAU Rashun-1 (11.07) and BARI Rashun-1 (9.25). The AC-5 produced the highest yield (15.20 t/ha) followed by BAU Rashun-1 (12.81 t/ha) and BARI rashun-1(11.18 t/ha). This AC-5 was registered as a new variety Binarashun-1 from the National Seed Board of Bangladesh.
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Table 14. Morphological Characteristics and yield performance of three accessions of garlic at the farmer’s field Sutiakhali, Mymensingh

	Germplasm
	Plant height (cm)
	No. of leaves/plant at DAP
	Fresh wt. of individual bulb (g)
	Length of bulb (cm)
	Diameter of bulb (cm)
	No. of cloves/ bulb
	Yield/ plot (kg)
A=2m2
	Yield (t/ha)

	
	30 DAP
	60 
DAP
	90
 DAP
	120 DAP
	135 DAP
	30 
DAP
	60 
DAP
	90 
DAP
	120 DAP
	135 DAP
	
	
	
	
	
	

	BAU Rashun-1
	34.65
	50.17
	70.99
	84.66
	72.00
	4.25
	4.73
	9.17
	11.07
	9.45
	24.4
	2.96
	3.83
	32.66
	2.56
	12.81

	BARI Rashun-1
	31.00
	48.33
	67.70
	75.66
	67.00
	4.20
	4.60
	8.94
	9.25
	8.75
	21.3
	2.94
	3.67
	31.45
	2.23
	11.18

	AC-5
(proposed Binarashun-1)
	35.20
	51.27
	75.10
	88.44
	75.33
	4.63
	4.74
	10.57
	11.50
	9.93
	31.5
	3.20
	4.21
	33.82
	3.00
	15.20

	SD (±)
	2.28
	1.49
	3.71
	6.57
	4.19
	0.24
	0.08
	0.88
	1.19
	0.59
	5.23
	0.14
	0.28
	1.19
	0.55
	2.75


Legend- DAP: Days after Planting








Evaluation of M2 populations of nine genotypes of Onion

The experiment was conducted to observe the performance of the mutant population (M2) of 9 onion accessions (Taherpuri, Faridpuri, Onion-2, Onion-3, Onion-4, Onion-9, Onion-10, Spring and Indian Piaz). 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. Data on various characters were taken from each mutant.

Results showed that the mutants and the check variety differed for yield and yield attributes (Table. 15). In case of nine genotypes of onion, the M2 populations  TD50P1, TD75P1, TD100P1, O3D100P11, O4D100P13, ID50P2, ID75P4, ID100P5 produced higher seed yield (TD50P1 = 4.21 g, TD75P1 = 4.9 g, TD100P1 = 4.30 g, O3D0P3 = 4.91 g, O3D100P11 = 4.30 g, O4D100P13 = 4.60 g, ID0P1 = 11.5 g, ID50 P2= 10.0 g, ID75P4 = 15.6 g, ID100P5 = 12.32g) compared to their mother (Table 15). 


















Table 15. Yield and yield attributes of M2 populations of nine onion genotypes 

	Treatment
	Emergence (%)
	Plant height
(cm)
	No. of leaves/ plant
	No. of flowering stalks/plant
	Length of stalks
(cm)
	No. of umbels/ plant
	No. of flowers/
umbel
	No. of seeded fruits/
umbel
	Seed wt./ umbel
(g)
	1000 seed wt. (g)
	Seed yield/plant
(g)
	Germination of harvested seed (%)
	Bulb yield 
t/ha

	TD0P1
	96.60
	49.55
	5.08
	2.46
	56.70
	3.80
	193.97
	86.17
	0.71
	3.54
	3.29
	66.58
	5.05

	TD50P1
	96.30
	51.02
	5.43
	2.75
	58.97
	3.92
	187.02
	96.50
	0.82
	3.66
	4.21
	69.23
	6.25

	TD75P1
	96.49
	52.89
	5.06
	3.08
	62.57
	5.08
	196.12
	103.17
	0.85
	4.52
	4.90
	71.82
	6.37

	TD100P1
	99.00
	58.42
	5.64
	3.45
	66.72
	5.82
	231.92
	110.48
	1.83
	4.97
	4.30
	85.78
	6.13

	FD0P1
	68.83
	50.02
	5.43
	2.38
	51.38
	2.77
	156.05
	51.40
	0.58
	2.26
	2.62
	40.32
	5.65

	FD50P3
	63.04
	50.27
	5.43
	2.11
	50.37
	2.05
	163.33
	52.33
	0.57
	2.12
	2.19
	36.08
	7.02

	FD75P5
	61.42
	46.57
	4.93
	2.10
	49.37
	1.81
	159.55
	48.28
	0.50
	1.71
	1.80
	31.21
	7.83

	FD100P7
	59.33
	47.15
	4.80
	2.09
	49.33
	1.61
	160.58
	45.72
	0.51
	1.48
	1.90
	31.43
	6.67

	O2D0P2
	82.72
	48.78
	5.26
	2.42
	54.03
	2.98
	175.17
	70.78
	0.64
	2.90
	1.50
	53.45
	5.42

	O2D50P3
	79.67
	49.73
	5.45
	2.43
	54.67
	3.28
	181.07
	74.42
	0.69
	2.89
	1.30
	52.65
	5.37

	O2D50P4
	78.95
	50.64
	5.29
	2.59
	55.97
	3.44
	177.83
	75.72
	0.68
	3.11
	2.21
	51.51
	5.54

	O2D75P5
	79.17
	52.78
	5.93
	2.77
	58.02
	3.71
	193.98
	77.10
	1.16
	3.22
	1.55
	58.61
	5.35

	O2D75P6
	97.10
	52.97
	5.80
	2.94
	61.23
	4.65
	202.25
	99.08
	1.05
	4.17
	1.69
	73.35
	5.22

	O2D100P8
	63.16
	48.50
	5.16
	2.17
	50.11
	2.06
	161.77
	49.93
	0.54
	1.89
	2.15
	34.76
	6.13

	O3D0P3
	98.67
	52.02
	7.00
	3.33
	65.80
	4.88
	218.67
	104.00
	1.04
	4.01
	4.91
	85.98
	5.01

	O3D50P9
	93.35
	47.72
	5.67
	2.33
	58.55
	2.24
	166.00
	76.33
	0.75
	1.51
	1.75
	54.20
	6.87

	O3D75P10
	93.16
	47.77
	5.00
	2.00
	52.50
	1.98
	159.00
	62.00
	0.62
	1.31
	1.18
	51.22
	6.65

	O3D100P11
	97.15
	51.18
	6.67
	2.33
	63.84
	4.62
	193.33
	93.00
	0.92
	3.67
	4.30
	62.68
	6.22

	O4D0P2
	95.81
	50.61
	6.00
	2.67
	62.15
	3.07
	175.00
	9.33
	0.86
	2.29
	2.65
	58.84
	6.38

	O4D50P11
	92.92
	47.53
	5.33
	2.33
	58.21
	1.92
	159.33
	58.00
	0.61
	1.29
	1.17
	49.73
	7.11


Note: T-Taherpuri, F-Faridpuri, O2 –Onion-2,  O3-Onion-3,  O4-Onion-4,  O9- Onion-9, S-Spring, I-Indian, O10-Onion-10 


Continued
	Treatment
	Emergence (%)
	Plant height
(cm)
	No. of leaves/ plant
	No. of flowering stalks/plant
	Length of stalks
(cm)
	No. of umbels/ plant
	No. of flowers/
umbel
	No. of seeded fruits/
umbel
	Seed wt./ umbel
(g)
	1000 seed wt. (g)
	Seed yield/plant
(g)
	Germination of harvested seed (%)
	Bulb yield 
t/ha

	O4D75P12
	92.22
	46.83
	5.00
	1.67
	50.65
	1.91
	152.67
	50.67
	0.58
	1.19
	1.06
	48.50
	7.95

	O4D100P13
	97.91
	51.66
	6.83
	2.83
	64.82
	4.88
	206.00
	98.50
	0.98
	3.85
	4.60
	74.33
	6.23

	O9D0P1
	96.15
	51.40
	6.17
	2.67
	61.32
	3.10
	177.83
	92.50
	0.88
	2.26
	2.72
	65.37
	6.78

	O9D50P3
	93.04
	47.62
	5.50
	2.33
	58.38
	2.24
	162.67
	67.17
	0.68
	1.40
	1.46
	51.97
	7.19

	O9D75P7
	92.78
	47.30
	5.00
	1.83
	51.58
	1.94
	155.83
	56.33
	0.59
	1.25
	1.08
	49.86
	7.76

	O9D100P8
	95.42
	49.96
	6.00
	2.58
	59.33
	3.05
	181.08
	83.25
	0.83
	2.26
	2.64
	65.82
	6.45

	O10D0P1
	94.52
	49.04
	5.75
	2.25
	58.71
	2.88
	170.08
	74.00
	0.74
	2.11
	2.29
	54.94
	7.02

	O10D50P2
	94.12
	51.26
	6.12
	2.66
	54.81
	2.01
	170.11
	90.44
	0.55
	1.38
	2.11
	44.94
	8.01

	O10D75P5
	95.12
	49.18
	5.42
	2.32
	60.21
	1.99
	156.29
	88.29
	0.44
	1.30
	1.86
	56.23
	7.00

	O10D100P6
	93.33
	48.61
	5.16
	2.62
	61.21
	2.54
	166.29
	74.44
	0.52
	1.32
	1.66
	44.96
	8.50

	SD0P1
	94.99
	46.47
	4.22
	2.32
	56.66
	2.12
	144.29
	62.39
	0.46
	1.33
	1.46
	52.55
	6.78

	SD50P11
	92.19
	46.72
	5.48
	1.98
	48.42
	1.76
	130.23
	56.33
	0.42
	1.22
	0.66
	56.62
	6.34

	SD75P12
	93.27
	49.66
	6.29
	2.73
	62.14
	1.86
	144.44
	64.22
	0.43
	1.32
	0.80
	48.23
	7.22

	SD100P13
	94.19
	48.44
	5.14
	2.62
	60.22
	1.92
	161.44
	56.60
	0.45
	1.21
	0.76
	44.44
	8.25

	ID0P1
	95.00
	51.62
	5.92
	2.30
	64.46
	2.14
	70.20
	10.20
	0.20
	3.33
	11.5
	25.20
	9.02

	ID50P2
	96.19
	49.62
	4.99
	1.90
	63.77
	3.22
	51.32
	11.50
	0.30
	2.66
	10.0
	26.09
	12.60

	ID75P4
	94.20
	47.52
	5.01
	2.56
	64.49
	3.11
	44.40
	18.20
	0.41
	2.76
	15.6
	31.44
	11.23

	ID100P5
	95.66
	44.10
	4.47
	2.15
	60.67
	2.59
	39.21
	9.20
	0.35
	3.16
	12.32
	19.20
	13.65

	Mean
	89.29
	49.56
	5.50
	2.45
	57.96
	2.92
	160.43
	66.00
	0.68
	2.42
	3.35
	52.11
	7.11

	SD (±)
	11.48
	2.54
	0.61
	0.39
	5.25
	1.11
	43.36
	27.74
	0.29
	1.09
	3.46
	15.94
	1.89


Note: T-Taherpuri, F-Faridpuri, O2 –Onion-2,  O3-Onion-3,  O4-Onion-4,  O9- Onion-9, S-Spring, I-Indian, O10-Onion-10 

Evaluation of M2 populations of Ginger

The experiment was conducted to observe the performance of the mutant populations (M2) of 10 ginger accessions: Rangpur local (Taragonj), Dinajpur local (Rajbari, khanshama), Thanchy local, Shilkhali local, Bandarban local (Mirzapur, Lama), Bandarban local (Whykong,Lama), Dinajpur local (Aamgonj, Khanshama), Bandarban local (Ruma), Nilphamary local (Syedpur), Cox’sbazar local (Chokoria). Seeds of the ten ginger genotypes were irradiated by gamma ray at 2Gy & 3Gy and  planted during 2nd week of November, 2016. The experiment was laid out in row planting method using spacing 40 cm × 20 cm. Recommended production packages were followed to ensure normal plant growth and development. Data on various characters were taken from each mutant.

Results showed that the mutants and the check variety differed for yield and yield attributes. In case of ten genotypes of ginger, the M2 populations produce higher yield at 2 Gy compare to their mother (Table 16). The mutant population, irradiated by 2 Gy would be evaluated for rhizome yield and other characters in the next year.







Table 16. Yield and yield attributes of M2 populations of different genotypes of Ginger
	Treatment
	Plant height
(cm)
	No. of leaves/
plant
	No. of tillers /clump
	Wt. of old mother rhizome/
Plant (g)
	Wt. of primary rhizome/
Clump (g)
	Wt. of secondary  rhizome/
Clump (g)
	Yield /plant
	Yield
(t/ha)

	Taragonj, Rangpur (2Gy)
	31.75
	22.82
	13.19
	9.95
	322.67
	103.49
	109.62
	18.79

	Taragonj, Rangpur(3Gy)
	29.86
	19.19
	10.14
	8.08
	279.73
	99.02
	88.69
	11.06

	Taragonj, Rangpur(0Gy)
	33.53
	26.06
	15.43
	10.18
	336.40
	127.46
	111.56
	14.56

	Rajbari, khanshama, Dinajpur(2GY)
	29.50
	19.90
	11.03
	8.08
	126.67
	96.085
	93.19
	14.17

	Rajbari, khanshama, Dinajpur(3GY)
	26.30
	19.53
	10.64
	6.98
	100.00
	58.57
	82.98
	11.30

	Rajbari, khanshama, Dinajpur(0GY)
	34.75
	23.17
	12.48
	9.46
	253.33
	97.07
	103.22
	12.41

	Thanchy (2Gy)
	35.36
	24.47
	15.94
	10.73
	312.89
	84.37
	115.26
	19.63

	Thanchy (3Gy)
	34.75
	23.17
	12.48
	9.46
	253.33
	97.07
	103.22
	14.17

	Thanchy (0Gy)
	37.64
	26.47
	14.50
	11.77
	471.70
	95.12
	135.14
	16.48

	Shilkhali (2Gy)
	33.97
	28.99
	10.25
	11.68
	118.00
	147.70
	125.76
	20.78

	Shilkhali (3Gy)
	30.88
	22.18
	10.65
	8.16
	225.12
	127.52
	108.70
	16.66

	Shilkhali (0 Gy)
	38.83
	28.54
	11.25
	10.73
	452.20
	80.14
	127.30
	16.84

	Mirzapur, Lama, Bandarban (2Gy)
	30.43
	21.09
	8.92
	9.21
	280.00
	106.56
	95.40
	16.12

	Mirzapur, Lama, Bandarban (3Gy)
	27.21
	20.20
	8.95
	7.79
	320.00
	98.32
	86.56
	12.72

	Mirzapur, Lama, Bandarban (0Gy)
	35.21
	23.91
	10.17
	11.12
	333.34
	115.62
	111.84
	14.16

	Whykong, Lama, Bandarban (2Gy)
	35.21
	23.91
	10.62
	10.17
	333.34
	115.62
	101.84
	14.16

	Whykong, Lama, Bandarban (3Gy)
	30.54
	20.09
	10.32
	9.21
	280.32
	106.56
	98.40
	11.56



Continued


	Treatment
	Plant height
(cm)
	No. of leaves/
plant
	No. of tillers /clump
	Wt. of old mother rhizome/
Plant (g)
	Wt. of primary rhizome/
Clump (g)
	Wt. of secondary  rhizome/
Clump (g)
	Yield /plant
	Yield
(t/ha)

	Whykong, Lama, Bandarban (0Gy)
	39.92
	26.62
	9.21
	7.86
	324.00
	134.32
	119.58
	12.60

	Aamgonj, Khanshama, Dinajpur (2Gy)
	33.97
	28.99
	10.25
	11.68
	118.00
	147.70
	110.76
	13.84

	Aamgonj, Khanshama, Dinajpur (3Gy)
	30.88
	22.18
	10.65
	8.16
	225.12
	127.52
	108.70
	12.66

	Aamgonj, Khanshama, Dinajpur (0Gy)
	38.83
	28.54
	11.25
	10.73
	452.20
	80.14
	119.30
	10.78

	Ruma, Bandarban (2Gy)
	33.20
	21.91
	8.17
	7.89
	320.00
	113.62
	109.84
	16.56

	Ruma, Bandarban (3Gy)
	29.12
	19.08
	8.92
	8.65
	275.65
	105.30
	106.32
	13.43

	Ruma, Bandarban (0Gy)
	35.62
	25.62
	9.58
	11.65
	320.00
	132.30
	117.59
	15.62

	Syedpur, Nilphamary (2Gy)
	38.56
	22.68
	1056
	11.98
	305.55
	62.64
	114.70
	16.28

	Syedpur, Nilphamary (3Gy)
	27.44
	17.05
	10.56
	9.25
	270.66
	102.33
	90.36
	12.78

	Syedpur, Nilphamary (0Gy)
	34.99
	24.56
	7.96
	9.85
	301.00
	121.11
	116.32
	14.56

	Chokoria, Cox’sbazar (2Gy)
	24.20
	15.55
	5.30
	5.46
	302.00
	80.32
	64.44
	10.34

	Chokoria, Cox’sbazar (3Gy)
	20.25
	13.53
	4.56
	4.98
	100.23
	45.62
	32.62
	8.45

	Chokoria, Cox’sbazar (0Gy)
	24.21
	17.20
	7.56
	7.79
	289.63
	91.23
	80.63
	8.72




Screening of M2 populations of Carrot (Seed to seed method)

The experiment was conducted with three doses of gamma radiation viz. 50 Gy, 75 Gy and 100Gy and two varieties Brasilia agroflora and Prima agroflora. The experiment was laid out in Randomized Complete Block Design with three replications. The size of a unit plot was 2.0 m × 1.0 m accommodating thirty two plants per plot with a spacing of 25 cm × 25 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. The 75 Gy treated plants produced the highest seed yield in primary and secondary umbels per plant, maximum seed yield per plant, 1000-seed weight, germination percentage (85.88). Whereas, the non irradiated plants took the minimum time to 50% flowering and fruit set, days required from flower to fruit set and irradiated plants also took the maximum time on all the mentioned parameters. In case of Brasilia agroflora variety the highest seed yield (1395.20 kg/ha) was recorded from V1D75P14 populations while the lowest yield (836.80 kg/ha) was recorded from V1DoP4 populations (Table 17 & 18) and in case of Prima agroflora variety, the highest seed yield (1440.00 kg/ha) was recorded from V2D100P22 populations while the lowest yield (840.00 kg/ha) was recorded from V2DoP2 populations (Table 19 & 20).




















Table 17. Yield and yield attributes of M2 population of Carrot (Var. Brasilia agroflora)

	Mutants/
Germplasm
 
	Plant height
 (cm)
	Days to 50% fruit set
 
	Days to 50% fruit set
	Days required flower to fruit set
	No. of primary umbels/ plant
	No. of secondary umbels/ plant

	V1DoP1
	129.11
	53.62
	67.87
	9.49
	6.50
	12.06

	V1DoP2
	128.3
	52.11
	65.66
	10.44
	6.66
	12.09

	V1DoP3
	128.98
	54.33
	57.73
	10.54
	6.58
	12.66

	V1DoP4
	126.44
	52.66
	66.33
	11.36
	5.98
	11.56

	V1DoP5
	144.22
	53.57
	67.34
	11.46
	5.92
	12.65

	V1D50P6
	162.66
	54.55
	68.88
	14.32
	6.56
	11.63

	V1D50P7
	162.66
	62.77
	76.66
	14.32
	10.55
	15.28

	V1D50P8
	163.23
	60.54
	75.0
	7.66
	10.52
	14.44

	V1D50P9
	162.55
	62.01
	74.89
	11.66
	11.62
	14.73

	V1D50P10
	155.66
	62.23
	73.66
	12.89
	10.46
	14.92

	V1D50P11
	163.77
	61.37
	74.56
	11.65
	10.62
	14.82

	V1D50P12
	164.99
	61.44
	74.69
	11.78
	11.56
	14.39

	V1D75P13
	177.23
	64.44
	75.39
	11.56
	9.23
	12.99

	V1D75P14
	174.88
	63.26
	76.86
	12.76
	9.11
	13.82

	V1D75P15
	170.82
	63.80
	77.92
	12.82
	4.56
	13.82

	V1D75P16
	171.69
	62.96
	76.23
	11.46
	9.23
	12.88

	V1D75P17
	171.56
	62.62
	76.66
	12.62
	9.86
	13.66

	V1D75P18
	172.09
	62.44
	70.53
	12.32
	8.23
	12.39

	V1D100P19
	142.88
	64.98
	79.82
	13.68
	8.55
	11.32

	V1D100P20
	141.92
	68.92
	78.82
	13.72
	8.44
	10.56

	V1D100P21
	141.66
	64.54
	80.52
	15.32
	8.42
	9.56

	V1D100P22
	142.57
	64.33
	79.62
	14.62
	8.77
	10.88

	V1D100P23
	143.66
	64.66
	78.96
	13.39
	8.42
	11.76

	V1D100P24
	142.78
	64.76
	81.55
	14.23
	8.42
	11.22


Legend: V1-Carrot variety Brasilia agroflora 
(Cont’d)
Table 18. Yield and yield attributes of M2 population of Carrot (Var. Brasilia agroflora)  
	Mutants/
Germplasm

	Seed yields of primary umbels/ plant (g)
	Seed yields of secondary umbels/ plant (g)
	Seed yield/ plant (g)
	Seed yield/ plot (g)
	Germination (%) of harvested  seed
	Yield
(Kg/ha)

	V1DoP1
	3.53
	2.54
	5.44
	174.08
	65.66
	870.40

	V1DoP2
	3.43
	2.44
	5.42
	173.44
	71.22
	867.20

	V1DoP3
	3.38
	2.44
	5.36
	171.52
	66.22
	857.60

	V1DoP4
	3.52
	2.39
	5.23
	167.36
	67.11
	836.80

	V1DoP5
	3.51
	2.31
	5.32
	170.24
	64.55
	851.20

	V1D50P6
	3.49
	2.32
	5.42
	173.44
	66.36
	867.20

	V1D50P7
	4.80
	2.94
	7.12
	227.84
	81.21
	1139.20

	V1D50P8
	4.70
	2.71
	6.23
	199.36
	82.33
	996.80

	V1D50P9
	4.66
	2.90
	6.32
	202.24
	81.62
	1011.20

	V1D50P10
	4.77
	2.69
	6.23
	199.36
	80.29
	996.80

	V1D50P11
	4.65
	2.88
	7.26
	232.23
	79.33
	1161.60

	V1D50P12
	3.75
	2.87
	7.77
	248.64
	80.55
	1243.20

	V1D75P13
	4.88
	3.76
	8.59
	274.88
	84.44
	1374.40

	V1D75P14
	4.77
	3.66
	8.72
	279.04
	82.62
	1395.20

	V1D75P15
	4.87
	3.64
	8.82
	272.64
	81.23
	1363.20

	V1D75P16
	4.77
	3.66
	8.24
	263.68
	78.74
	1318.40

	V1D75P17
	4.72
	3.52
	8.42
	269.44
	80.23
	1347.20

	V1D75P18
	4.32
	3.33
	8.55
	273.36
	78.88
	1368.00

	V1D100P19
	4.50
	3.01
	7.23
	231.56
	77.66
	1156.80

	V1D100P20
	4.66
	3.09
	7.32
	234.24
	76.21
	1171.20

	V1D100P21
	4.42
	2.89
	7.14
	228.48
	82.23
	1142.40

	V1D100P22
	4.00
	3.14
	7.23
	231.56
	76.66
	1156.80

	V1D100P23
	3.72
	2.20
	7.22
	231.04
	72.21
	1155.20

	V1D100P24
	4.52
	2.14
	7.07
	226.24
	71.99
	1131.20


Legend: V1-Carrot variety Brasilia agroflora 

Table 19. Yield and yield attributes of M2 population of Carrot (Var. Prima agroflora) 

	Mutants/
Germplasm

	Plant height

	Days to 50% fruit set

	Days to 50% fruit set
	Days required flower to fruit set
	No. of primary umbels/ plant
	No. of secondary umbels/ plant

	V2DoP1
	96.11
	34.33
	62.61
	12.44
	7.51
	9.55

	V2DoP2
	98.23
	54.77
	62.62
	12.55
	7.23
	11.62

	V2DoP3
	110.23
	54.66
	63.92
	11.35
	7.66
	12.62

	V2DoP4
	101.77
	53.08
	64.44
	11.66
	7.55
	11.58

	V2DoP5
	102.86
	57.55
	62.52
	12.32
	7.82
	11.32

	V2D50P6
	102.56
	54.46
	63.61
	12.42
	7.46
	12.68

	V2D50P7
	150.16
	62.67
	73.33
	13.62
	11.2
	15.99

	V2D50P8
	149.66
	63.55
	76.66
	14.82
	10.11
	15.92

	V2D50P9
	152.82
	61.21
	76.72
	14.55
	10.82
	14.82

	V2D50P10
	152.44
	60.99
	74.23
	15.56
	11.56
	13.32

	V2D50P11
	153.67
	61.61
	75.11
	15.72
	11.46
	16.82

	V2D50P12
	154.77
	63.72
	77.2
	16.32
	11.62
	17.01

	V2D75P13
	166.85
	63.82
	73.33
	16.61
	10.21
	15.52

	V2D75P14
	169.78
	64.34
	72.12
	16.61
	11.32
	15.72

	V2D75P15
	172.79
	65.55
	71.21
	15.32
	11.42
	15.32

	V2D75P16
	170.30
	62.02
	72.23
	14.44
	11.24
	14.82

	V2D75P17
	166.58
	65.66
	73.23
	16.66
	11.28
	15.78

	V2D75P18
	169.83
	65.77
	77.77
	17.32
	11.56
	14.72

	V2D100P19
	138.56
	65.67
	80.21
	17.62
	9.29
	12.42

	V2D100P20
	142.44
	66.38
	80.11
	17.02
	9.80
	13.82

	V2D100P21
	140.22
	64.82
	40.44
	17.29
	8.92
	11.62

	V2D100P22
	137.69
	62.67
	41.10
	16.32
	9.88
	14.26

	V2D100P23
	139.92
	62.49
	80.12
	14.42
	9.99
	13.62

	V2D100P24
	144.55
	65.66
	77.60
	15.42
	9.82
	11.99


Legend: V2-Carrot variety Prima agroflora
(Cont’d)
Table 20. Yield and yield attributes of M2 population of carrot (Var. Prima agroflora) 

	Mutants/
Germplasm

	Seed yields of primary umbels/ plant (g)
	Seed yields of secondary umbels/ plant (g)
	Seed yield/ plant (g)
	Seed yield/ plot (g)
	1000-seed weight (g)
	Germination (%) of harvested  seed
	Yield(t/ha)


	V2DoP1
	2.77
	 2.61
	6.02
	172.16
	0.99
	66.21
	860.80

	V2DoP2
	2.82
	2.31
	5.25
	168
	0.94
	67.11
	840.00

	V2DoP3
	3.01
	2.31
	5.6
	179.2
	0.92
	65.22
	896.00

	V2DoP4
	3.11
	2.30
	5.62
	179.84
	0.90
	64.72
	899.20

	V2DoP5
	2.90
	2.4
	5.49
	175.68
	0.92
	62.82
	878.40

	V2D50P6
	2.98
	2.6
	5.61
	179.52
	0.98
	62.99
	899.60

	V2D50P7
	4.31
	2.43
	7.02
	124.64
	1.02
	75.55
	1123.20

	V2D50P8
	4.03
	2.02
	6.8
	217.6
	1.23
	76.66
	1088.00

	V2D50P9
	4.52
	2.49
	7.39
	236.48
	1.02
	74.46
	1182.40

	V2D50P10
	4.02
	2.50
	7.44
	238.08
	1.12
	75.96
	1190.04

	V2D50P11
	4.22
	2.80
	7.55
	241.6
	1.02
	72.34
	1208.00

	V2D50P12
	4.23
	2.71
	7.25
	132.2
	1.16
	76.66
	1160.00

	V2D75P13
	4.01
	4.00
	8.36
	267.52
	1.23
	76.50
	1337.60

	V2D75P14
	4.44
	3.50
	8.11
	259.52
	1.32
	78.88
	1297.60

	V2D75P15
	4.65
	3.00
	7.7
	246.4
	1.25
	79.23
	1232.00

	V2D75P16
	4.60
	3.01
	8.01
	256.32
	1.2
	72.77
	1281.60

	V2D75P17
	4.50
	3.00
	8.0
	256
	1.02
	75.55
	1280.00

	V2D75P18
	4.2
	 3.55
	8.45
	270.4
	1.15
	77.77
	1352.00

	V2D100P19
	4.7
	4.05
	8.95
	286.4
	1.35
	76.29
	1432.00

	V2D100P20
	4.65
	4.01
	8.88
	284.10
	1.26
	76.66
	1420.80

	V2D100P21
	4.55
	3.95
	8.80
	121.6
	1.32
	75.29
	1408.00

	V2D100P22
	4.80
	4.05
	9.0
	288
	1.35
	76.66
	1440.00

	V2D100P23
	4.85
	3.85
	8.9
	284.8
	1.42
	75.92
	1424.00

	V2D100P24
	4.2
	4.01
	8.92
	285.44
	1.38
	76.18
	1427.20


Legend: V2-Carrot variety Prima agroflora
Growing of M2 population of Malta

The experiment was conducted at the BINA farm, Mymensingh to grow M2 populations. Scions of five Malta accessions (Thai Malta, Malaysian Malta, Nagpuri Malta and Washington Naval Malta) and root stock were collected from BAU-Germplasm centre on 22th December, 2015. The experiment was laid out in row planting with three replications. Lemon seedlings were used as root stock. Nine scions of each accession were irradiated by 20, 40 and 60 Gys. Grafting was done at 35 cm upper on the rootstock as well as scion length was 6 cm. The highest plant height (250) and no. of leaves (2640) were recorded in BLD0P1 and BLD0P2 respectively which was followed by MMD40 (215) and NMD20 (2067) respectively whereas the lowest plant height (70) was recorded in WMD0. The maximum number of branch per plant (8) was obtained from TMD20P1 and  minimum branch per plant (1) was recorded in WMD0. In case of number of fruits per plant BLD0P1 produced highest no. of fruits (91) followed by BLD0P3 (70). Non irradiated Washington Malta fruits gained maximum wt. (85) followed by BLD0 plant-1 (52).  
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Table  21. Morphological characters of M2 population of Malta and Lime

	Sl No.
	Crop species
	Planting Date
	Plant hight (cm)
	No. of Branch/ plant
	Canopy Volume (m3)
	No of Leaves/ plant
	No. of fruits/plant
	Weight of fruit/ plant ( g)
	Length of fruit (cm)
	Breath of fruit (cm)
	No. of seed/ fruit
	No. of Dead Branch
	Colour of leaf

	
	Malta
	
	
	
	
	
	
	
	
	
	
	
	

	1.
	TMD20P1
	08.05.16
	205
	8
	18.210833
	1375
	5
	40
	4.8
	4.4
	-
	-
	Light green

	2.
	TMD20P2
	08.05.16
	125
	4
	5.338541
	475
	-
	-
	-
	-
	-
	-
	Light green

	3.
	TMD20P3
	08.05.16
	165
	3
	1.111687
	594
	-
	-
	-
	-
	-
	-
	Light green

	4.
	TMD40P1
	08.05.16
	115
	3
	0.418791
	396
	-
	-
	-
	-
	-
	-
	Light green

	5.
	TMD40P2
	08.05.16
	130
	3
	0.549250
	352
	-
	-
	-
	-
	-
	-
	Green

	6.
	TMD40P3
	08.05.16
	130
	4
	0.591500
	800
	-
	-
	-
	-
	-
	-
	Light green

	7.
	TMD40P4
	08.05.16
	165
	4
	1.043625
	528
	-
	-
	-
	-
	-
	3
	Green

	8.
	TMD40P5
	08.05.16
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	9.
	WNMD0
	08.05.16
	70
	1
	0.089833
	96
	2
	85
	5
	7
	-
	-
	Green

	10.
	WNMD20P1
	08.05.16
	165
	4
	1.565437
	234
	-
	-
	-
	-
	-
	-
	Green

	11.
	WNMD20P2
	08.05.16
	140
	2
	0.987416
	336
	-
	-
	-
	-
	-
	-
	Green

	12.
	WNMD20P3
	08.05.16
	170
	3
	1.011500
	736
	-
	-
	-
	-
	-
	-
	Green

	13.
	WNMD40P1
	08.05.16
	130
	3
	0.676000
	616
	-
	--
	-
	-
	-
	-
	Green

	14.
	WNMD40P2
	8.5.16
	180
	3
	1.836000
	1428
	-
	-
	-
	-
	-
	-
	Green

	15.
	WNMD60P1
	08.05.16
	190
	2
	1.624500
	598
	-
	-
	-
	-
	-
	-
	Green

	16.
	MMD0
	08.05.16
	135
	3
	0.486000
	135
	15
	
	-
	-
	-
	-
	Green

	17.
	MMD20
	08.05.16
	155
	3
	1.021062
	1692
	-
	-
	-
	-
	-
	-
	Light green


Continued

	Sl No.
	Crop species
	Planting Date
	Plant hight (cm)
	No. of Branch/ plant
	Canopy Volume (cm3)
	No of Leaves/ plant
	No. of fruits/plant
	Weight of fruit/ plant ( g)
	Length of fruit (cm)
	Breath of fruit (cm)
	No. of seed/ fruit
	No. of Dead Branch
	Colour of leaf

	18.
	MMD40
	08.05.16
	215
	3
	1.694916
	380
	-
	-
	-
	-
	
	
	Green

	19.
	NMD20
	08.05.16
	205
	4
	1.926145
	2067
	3
	-
	-
	-
	-
	-
	Green

	
	Lime
	
	
	
	
	
	
	
	
	
	
	
	

	20.
	LBD0P1
	08.05.16
	250
	3
	3.020833
	897
	7
	18
	4.1
	
	-
	
	Green

	21.
	LBD0P2
	08.05.16
	215
	4
	3.004625
	2640
	91
	52
	5.3
	-
	
	
	Green

	22.
	LBD0P3
	08.05.16
	250
	2
	3.750000
	1990
	70
	20
	5.4
	-
	-
	-
	Green

	23.
	LBD0P4
	08.05.16
	205
	2101250
	0.748000
	40
	40
	6.5
	6.5
	5.5
	-
	2
	Green

	24.
	LBD40P1
	08.05.16
	195
	2
	0.237656
	1200
	25
	35
	5.2
	-
	-
	-
	Green












Performance of Pomegranate, BARI Malta-1 and Indian Malta

The experiment was conducted at BINA head quarter farm. Scions of different types of pomegranate (india) and three malta (Pomegranate, BARI malta-1 and Malta-India) and root stock were collected form BAU germplasm centre, BARI and also from India. Grafting was dons at 35 cm upper on the root stock as well as scion length was 6 cm. The highest plant height (225) was recorded in PIP6 followed by PIP5 (220) and PIP7 (220) whereas lowest plant height was recorded in PIP3 (92). BARI malta-1 plant-2 gave the highest plant height (180) followed by plant-1 (125) than malta (india) (90) PIP4 Produced maximum on. Of branch per plant (4) and PIP1 gave minimum result BARI malta-1 malta-1 plant-2 showed better performance in respect of no. branch per plant (5) PIP5 Produced maximum no. of leaves (8875) and highest no of fruits per plant (29). The length breath and total weight of fruits per plant in more or less similar so it conclude that the introduced pomegranate species are adaptive in our country PIP5 and BARI malta plant gave better performance than the others.   










Table  22. Morphological characters of Pomegranate, BARI malta-1 and Indian Malta 

	Sl No.
	Crop species
	Planting Date
	Plant hight (cm)
	No. of Branch/ plant
	Canopy Volume (m3)
	No of Leaves/ plant
	No. of fruits/plant
	Weight of fruit/ plant( g)
	Length of fruit (cm)
	Breath of fruit (cm)
	No. of seed/ fruit
	No. of Dead Branch
	Colour of leaf

	
	Pomegranate
	
	
	
	
	
	
	
	
	
	
	
	

	1.
	Pomegranate
(India)
	28.11.16
	190
	2
	1.654503
	3468
	4
	55
	4.8
	4.5
	-
	-
	Green

	2.
	Pomegranate
(India)
	09.10.16
	220
	4
	2.420000
	8875
	29
	60
	4.5
	4.4
	-
	
	

	3.
	Anar (India)
	28.11.16
	150
	3
	0.693750
	165
	-
	-
	-
	-
	-
	-
	Light green

	4.
	Bedana (India)
	28.11.16
	92
	2
	0.019713
	1360
	4
	
	-
	-
	-
	3
	Green

	5.
	Bedana (India)
	28.11.16
	140
	4
	0.588000
	1325
	19
	-
	-
	-
	-
	8
	Light green

	6.
	Pomegranate
(India)
	09.10.16
	225
	3
	2.995612
	5880
	2
	60
	4
	4.5
	-
	-
	Green

	7.
	Pomegranate
(India)
	09.10.16
	200
	3
	0.206666
	4256
	6
	65
	43
	4.4
	-
	-
	Green

	8.
	Pomegranate
(India)
	09.10.16
	225
	3
	2.995612
	5880
	2
	60
	4
	4.5
	-
	-
	Green

	9.
	Pomegranate
(India)
	09.10.16
	200
	3
	0.206666
	4256
	6
	65
	43
	4.4
	-
	-
	Green

	
	Malta
	
	
	
	
	
	
	
	
	
	
	
	

	10.
	BARI malta-1
	08.05.16
	125
	4
	0.559895
	872
	-
	-
	-
	-
	-
	-
	Light green

	11.
	BARI malta-1
	08.05.16
	180
	5
	1.626000
	1771
	-
	-
	-
	-
	-
	-
	Light green

	12.
	Malta (india)
	08.05.16
	90
	3
	0.243000
	32
	2
	36
	4.1
	3.9
	-
	-
	Light green

	13.
	Malta (india)
	08.05.16
	90
	3
	0.243000
	32
	2
	36
	4.1
	3.9
	-
	-
	Light green



Effect of liquid nutrient “Turfosa” on vegetative  growth of different vegetables

Origin of Turfosa:  One kind of sea weed, Russia

Application method: 
Seeds of different vegetables were soaked for different periods. Both Letuce and Spinach seeds were soaked for 24 hours and Bati shak, Gimakolmi and Red amaranth seeds were soaked for 18 hours prior to sowing.

Table 23. Effect of liquid nutrient “Turfosa” on vegetative growth of Letuce, Spinach and Bati shak 

	Treatment
	Name of the crop

	
	Lettuce
	Spinach
	Bati shak

	
	Plant height
(cm)
	leaf/ plant (No.)
	Fresh weight/ plant (g)
	Plant height
(cm)
	leaf/ plant (No.)
	Fresh weight/ plant (g)
	Plant height
(cm)
	leaf/ plant (No.)
	Fresh weight/ plant (g)

	Control 
	7.77
	3.5
	6.2
	15.2
	13.2
	14.95
	16.02
	7.4
	17.9

	Seed soak 
	10.4
	4.9
	9.0
	17.65
	19.4
	24.0
	17.6
	8.9
	30.0



Table 24. Effect of liquid nutrient “Turfosa” on vegetative growth of Gimakolmi and Red  amaranth
	Treatment
	Name of the crop

	
	Gimakalmi
	Red amaranth

	
	Plant height
(cm)
	leaf/ plant (No.)
	Fresh weight/ plant (g)
	Plant height
(cm)
	leaf/ plant (No.)
	Fresh weight/ plant (g)

	Control 
	48.35
	27.75
	55.75
	56.5
	13.05
	55.02

	Seed soak 
	52.7
	36.6
	65.4
	63
	14.4
	67.0



Results
Lettuce
Treated seeds of lettuce with Turfosa give magnificent results on fresh weight/plant and number of leaves per plant. The number of leaves was counted 4.9 with Turfosa treated seeds while it was found 3.5 in control. In case of fresh weight of plants it was found 9.0 g/plant from treated seeds while it was found 6.2 g/plant in control.

Spinach
Treated seeds of spinach with Turfosa give magnificent results on fresh weight/plant and number of leaves per plant. The number of leaves was counted 19.4 with Turfosa treated seeds while it was found 13.2 in control. In case of fresh weight of plants it was found 24.0 g/plant from treated seeds while it was found 14.95 g/plant in control.

Bati shak
Treated seeds of Bati shak with Turfosa give magnificent results on fresh weight/plant and number of leaves per plant. The number of leaves was counted 8.9 with Turfosa treated seeds while it was found 7.4 in control. In case of fresh weight of plants it was found 30.0 g/plant from treated seeds while it was found 17.90 g/plant in control.

Gimakalmi
Treated seeds of Gimakalmi with Turfosa give magnificent results on fresh weight/plant and number of leaves per plant. The number of leaves was counted 36.6 with Turfosa treated seeds while it was found 27.75 in control. In case of fresh weight of plants it was found 65.40 g/plant from treated seeds while it was found 55.75 g/plant in control.

Red amaranth
Treated seeds of Red amaranth with Turfosa give magnificent results on fresh weight/plant and number of leaves per plant. The number of leaves was counted 14.4 with Turfosa treated seeds while it was found 13.05 in control. In case of fresh weight of plants it was found 67.00 g/plant from treated seeds while it was found 55.02 g/plant in control.


 


AGRICULTURAL ECONOMICS DIVISION
 
Technology adoption and profitability of BINA released lentil variety Binamasur-5
The study was conducted in five major Binamasur-5 growing areas of Bangladesh, namely Magura, Pabna, Jessore, Kushtia and Faridpur. The objectives were i) to determine the technology adoption of Binamasur-5;ii) to estimate the cost and return of Binamasur-5; andand iii) to identify the major constraints of Binamasur-5. 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 Binamasur-5 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. 

Result and Discussion

Technology used and their level of adoption
Appropriate inputs use and time of operations are essential for achieving higher yield and economic benefit. Therefore, it is important to know the existing level of technology in terms of agronomic practices, time of operation, and input use. The existing level of technology employed in the production of Binamasur-5and their level of adoption have been presented in Table 1.Farmers in the study areas ploughed their lentil lands with the help of power tiller and tractor. The number of ploughing and laddering varied from farm to farm and location to location. On an average, 71% farmers ploughed their land 3-4 times, which is the recommended for lentil cultivation. Based on the mean index, land preparation secured the over use level of adoption. About 87% farmers applied laddering 2-3 times, which was lower than recommendation. Therefore, the level of adoption of laddering was secured lower use. About 52% farmer’s sowed seeds during last week of October to first week of November which is optimum time for seed sowing, whereas 37% farmers sowed during second week of November to 1st week of December. At Magura (85%), Pabna (85%)and Faridpur (75%) farmers, respectively sowed seed in optimum time but 5% in Jessore and 8% in Kushtia farmers followed it. The adoption index of sowing time of Binamasur-5 was higher use. The recommended seed rate of Binamasur-5 ranged 35-40 kg/ha. All respondent farmers used higher amount of seed (40% higher) than its recommendation. Therefore, the level of adoption of seed rate was found to be over used.

Weeding was done by human labour.Forty percent of the total farmers performed weeding once between 20 and 30 days. At Magura and Kushtia, all farmers weeded their land one time, while Pabna, Jessore and Faridpur farmers did not remove weed. The lower level of adoption was occurred in providing weeding to Binamasur-5. The study found that farmers often do not follow recommendations for applying fertilizers. They tended to either use fertilizers in excess quantities. All the sample farmers applied urea, TSP, MoP and Gypsum in higher quantity compared to their recommended doses. Therefore, according to adoption index, the level of adoption for applying fertilizer is over use.


Table 1.Adoption of crop management technologies for Binamasur-5production at farm level.
	Technology
	Recommendation
	Magura
	Pabna
	Jessore
	Kushtia
	Faridpur
	Average
	Adoption
level

	1. No. of Ploughing (% ofrespondents )
	
	
	
	
	
	
	
	Over use

	3-4
	Optimum
	75
	69
	72
	68
	70
	71
	

	5-6
	
	25
	31
	28
	32
	30
	29
	

	Adoption index
	
	113
	116
	114
	116
	115
	115
	

	2. Laddering (%ofrespondents)
	
	
	
	
	
	
	
	Lower use

	2-3
	Optimum
	87
	80
	92
	85
	90
	87
	

	4-5
	
	13
	20
	8
	15
	10
	13
	

	Adoption index
	
	48
	52
	45
	49
	46
	48
	

	3. Sowing time (% ofrespondents)
	
	
	
	
	
	
	
	Higher use

	Third week of October
	
	10
	15
	30
	
	
	11
	

	Last week of Oct. –First week of Nov.
	Optimum
	85
	85
	5
	8
	75
	52
	

	2nd week of Nov.– 1st week of Dec.
	
	5
	
	65
	92
	25
	37
	

	Adoption index
	
	93
	93
	53
	54
	88
	76
	

	4. Seed rate (kg/ha)
	
	
	
	
	
	
	
	Over use

	
	35-40
	55
	48
	50
	44
	52
	50
	

	Adoption index
	
	138
	120
	125
	110
	130
	125
	

	5. No. of weeding (%ofrespondent)
	
	
	
	
	
	
	
	Lower use

	One time (20-30 days
after germination)
	Optimum
	100
	0
	0
	100
	0
	40
	

	Adoption index
	
	100
	0
	0
	100
	0
	40
	

	6. Fertilizer dose (kg/ha)
	
	
	
	
	
	
	
	Over use

	Urea
	30-35
	55
	48
	52
	40
	50
	49
	

	Adoption index
	
	157
	137
	149
	114
	143
	140
	

	TSP
	80-90
	132
	127
	112
	135
	121
	125
	Over use

	Adoption index
	
	147
	141
	124
	150
	134
	139
	

	MoP
	30-35
	48
	35
	25
	69
	51
	46
	Over use

	Adoption index
	
	137
	100
	71
	197
	146
	130
	

	Gypsum
	25-30
	40
	38
	41
	22
	40
	36
	

	Adoption index
	
	133
	127
	137
	73
	133
	121
	


Note: Adoption level was categorized for mean index> 100 as Over use; (70-100) as Higher use; (50 -69) as medium and <50 as lower use.
Source: Field Survey, 2016.

Profitability level of Binamasur-5 cultivation

Human labour was measured in terms of man-day, which usually consisted of 8 hours. It was employed for sowing seed, fertilizing, weeding, pesticiding, harvesting, threshing and drying. The cost of cultivation was calculated on the basis of total variable cost and total cost. From table 2 it can be showed thatthe average total variable cost of Binamasur-5 production was estimated in Magura(Tk. 58358.06), Jessore(Tk. 56234.82), Faridpur(Tk. 55664.68), Pabna (Tk. 55615.25)and Kushtia(Tk. 55592.57)ha-1, respectively.The major shares of total cost were human labour (35.53%), fertilizer (15.16%), power tiller (12.07%), irrigation (6.79%) and seed (6.80%). The highest total cost in farm level of Binamasur-5 was in Magura (Tk. 62816.65 ha-1) followed by Jessore(Tk. 60160.69), Faridpur(Tk. 60086.56), Pabna (Tk. 60003.70)and Kushtia (Tk. 59714.45)ha-1, respectively. The average total cost of production in field level of Binamasur-5 was Tk. 60556.41.

Table 2. Input use pattern and cost of Binamasur-5 production at farm level.
	Cost  Component
	Location-wise cost in Taka
	Average

	
	Magura
	Pabna
	Jessore
	Kushtia
	Faridpur
	

	Labor (man-days)
	21740.37
	21738.93
	21462.02
	20827.20
	21825.05
	21518.71(35.53)

	
	Family
	6371.60
	5725.97
	5920.06
	5534.22
	5823.2
	5875.01

	
	Hired
	15368.77
	16012.96
	15541.96
	15292.98
	16001.85
	15643.70

	Power tiller
	7590.44
	6802.37
	6931.70
	7010.19
	8212.92
	7309.53 (12.07)

	
	Owned
	2530.15
	2267.46
	2310.57
	2336.73
	2737.64
	2436.51

	
	Hired
	5060.29
	4534.91
	4621.14
	4673.46
	5475.28
	4873.02

	Seed
	4073.16
	4120.91
	4023.56
	4411.93
	4351.75
	4196.26 (6.80)

	
	Owned
	1357.72
	1373.64
	1341.19
	1470.64
	1450.58
	1398.75

	
	Purchased
	2715.44
	2747.28
	2682.38
	2941.29
	2901.17
	2797.51

	Fertilizer
	9588.49
	8413.54
	9007.54
	9041.99
	9848.71
	9180.05(15.16)

	Organic manure 
	1952.95
	1834.35
	1817.87
	1826.70
	1901.92
	1866.76 (3.78)

	Pesticide
	962.32
	1306.97
	904.16
	866.56
	1050.44
	1018.09 (1.68)

	Insecticide
	727.15
	704.44
	811.66
	864.75
	995.85
	820.77 (1.36)

	Irrigation
	4087.65
	4114.54
	4086.63
	3927.96
	4327.21
	4108.80(6.79)

	
	Owned
	1362.55
	1371.51
	1362.21
	1309.32
	1442.40
	1369.60

	
	Hired
	2725.10
	2743.03
	2724.42
	2618.64
	2884.81
	2739.20

	Interest on operating capital
	3043.35
	2942.16
	2942.71
	2902.64
	3150.831
	2996.34 (4.95)

	Total variable cost
	58358.06
	55615.25
	56234.82
	55592.57
	55664.68
	56293.08 (92.96)

	Total Fixed cost
	4458.59
	4388.45
	3925.87
	4521.88
	4421.88
	4343.33 (7.04)

	Total cash cost
	49241.69
	47430.78
	47408.79
	47370.17
	46730.81
	47636.45 (78.66)

	Total Cost
	62816.65
	60003.70
	60160.69
	59714.45
	60086.56
	60556.41 (100)


Source: Field Survey, 2016.

From table 3 it can be showed thatthe grain yield was higher at Magura (1879.67 kg/ha) compared to Kushtia (1709.90 kg/ha). The gross return of Binamasur-5 cultivation was found higher in Magura (Tk. 123084.32ha-1) followed by Jessore(Tk. 115164.72), Faridpur(Tk. 112783.28), Pabna (Tk. 110338.95) and Kushtia(Tk. 103437.26) per hectare among the study areas. The net returns were per hectare followed by Magura(Tk.60267.66), Faridpur(Tk. 53652.75), Jessore(Tk. 53404.03), Pabna (Tk. 50335.25)and Kushtia(Tk.46860.81), respectively. The average net return was Tk. 52405.29 per hectare. The average Benefit cost ratio was 1.86 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 Magura district (1.96) which was followed by Jessore (1.91), Faridpur (1.88), Pabna (1.84) and Kushtia (1.73) districts, respectively.

Table 3.Productivity and profitability of Binamasur-5production at farm level.

	Type
	Cost and Return in Taka
	Average

	
	Magura
	Pabna
	Jessore
	Kushtia
	Faridpur
	

	Yield (kg/ha)
	1879.67
	1737.53
	1812.03
	1709.90
	1798.55
	1787.54

	Yield (Tk./ha)
	122059.24
	108913.88
	113874.67
	102200.88
	111510.25
	111711.78

	By product (Tk./ha)
	1025.08
	1425.07
	1290.05
	1236.38
	1273.03
	1249.92

	Gross Return
	123084.32
	110338.95
	115164.72
	103437.26
	112783.28
	112961.71

	Total variable cost
	58358.06
	55615.25
	56234.82
	55592.57
	55664.68
	56293.08

	Total Cost
	62816.65
	60003.70
	60160.69
	59714.45
	60086.56
	60556.41

	Gross Margin
	64726.25
	54723.70
	58929.90
	47844.69
	57118.60
	56668.63

	Net Return (Tk./ha)
	60267.66
	50335.25
	55004.03
	43722.81
	52696.72
	52405.29

	Benefit Cost Ratio (BCR)
	-
	-
	-
	-
	-
	-

	 Full cost basis
	1.96
	1.84
	1.91
	1.73
	1.88
	1.86

	Cash cost basis
	2.50
	2.33
	2.43
	2.18
	2.41
	2.37


Source: Field Survey, 2016.

Constraints to Binamasur-5cultivation at farm level

The farmers in the study areas encountered some constraints to Binamasur-5production. The first ranked constraint was unavailability of Binamasur-5seeds (93%) in all areas. It is followed by lack of technical know-how (71%), lack of training (65%), attack of root rot diseases (50%).Therefore, necessary steps should be taken to make disease resistant Binamasur-5seed available to the farmers. Nonetheless, lentil farmers should also be provided hand-on training on package technology of lentil cultivation.

Table 4. Constraint to Binamasur-5 cultivation at farm level
	SL. No.
	Constraints
	Percent farmers’ responded
	Rank

	
	
	Magura 
	Pabna
	Jessore
	Kushtia
	Faridpur
	All
	

	1.
	 Unavailability of Binamasur-5 seed
	90
	97
	78
	100
	98
	93
	1

	2.
	 Lack of technical know-how
	66
	63
	75
	77
	75
	71
	2

	3.
	Lack of training
	55
	69
	61
	70
	69
	65
	3

	4.
	Attack of root rot disease
	44
	48
	57
	48
	55
	50
	4



Conclusion 
Binamasur-5production in the study areas is profitable. Lentil farmers received high return on its investment.The gross margin and net return of Binamasur-5cultivation were positive and encouraging to the farmers. Although Binamasur-5is a profitable crop, majority of the farmers did not get desired yield for ignoring the recommended use of inputs. Also Binamasur-5 farmers could not receive higher benefit from lentil cultivation due tovarious constraints. 

An economic study of Binasarisha-4 cultivation in some selected areas of Bangladesh
The study was conducted in four major Binasarisha-4 growing areas of Bangladesh, namely Kushtia, Magura, Jessore and Faridpur district. The objectives were (i) to identify the socio-economic profile of Binasarisha-4 growers; (ii) to estimate the profitability of Binasarisha-4; and (iii) to identify the major constraints to Binasarisha-4 production. Simple random sampling technique was followed for this study. A total of 160 farmers were randomly selected as sample size in the study areas, 40 from each District. Data were collected from Binasarisha-4 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. 


Result and Discussion

Socio-economic profile of the Binasarisha-4 farmers

The adoption of new and improved technologies at farm level is mostly dependent on farmers’ socio-economic characteristics. Therefore, an attempt was made to identify different socio-economic characteristics that may influence farmers to adopt Binasarisha-4 variety and their management technologies (Table 1).

Age is an important factor that influences farmers’ decision to adopt improved technologies. The average age of the Binasarisha-4 farmers was 43.2 years with minimum age of 18 years and the maximum of 80 years. The sample farmers were grouped into five categories based on their level of education. Majority of the Binasarisha-4 farmers (71% of the total farmers) had primary and secondary levels of education. Only 3% Binasarisha-4 farmers’ were found to have completed their higher level of education. Nineteen percent of the farmers had basically no education. Length of experience in crop farming is also an important factor that influences farmers’ level of adoption for new technologies. The average length of experience of Binasarisha-4 farmers was 23 years. Magura farmers communicated with different extension personnel like Sub-Assistant Agriculture Officer (SAAO), Agriculture Officer, and BINA scientists more frequently than the farmers of other study areas for getting improved Binasarisha-4 technology. The average farm size per household was estimated at 1.41 ha. The highest farm size was found in Kushtia (1.95 ha.) followed by Magura (1.49 ha.), Jessore (1.24 ha.) and Faridpur (0.94 ha.) respectively. The average yearly household income was Tk. 1,45,640. The highest household income was found in Magura (Tk. 1,91,356) followed by Jessore (Tk. 1,52,077), Kushtia (Tk. 1,46,470) and Faridpur (Tk. 74470) respectively. 

Table 1. Socio-economic profile of Binasarisha-4 producers in the study areas

	Items
	Jessore
	Kushtia
	Magura
	Faridpur
	All area

	Sample size
	40
	40
	40
	40
	160

	 1. Farmer’s age (year)
	41.5
	44.2
	42.6
	44.8
	43.3

	 2. Level of education (%)
	
	
	
	
	

	Illiterate
	15
	21
	16
	24
	19

	Primary
	42
	37
	39
	36
	39

	Secondary
	33
	30
	33
	34
	33

	Higher Secondary
	6
	8
	10
	5
	7

	Degree & above
	4
	4
	2
	1
	3

	 3. Farming experience (year)
	22.5
	24.6
	22.5
	22.3
	23

	 4. Communication with extension agents (Score)
	14.7
	13.5
	15.4
	8.9
	13.1

	 5. Farm size (ha.)
	1.24
	1.95
	1.49
	0.94
	1.41

	 6. Household income (Tk/yr.)
	1,52,077
	1,46,470
	1,91,356
	74,470
	1,45,640



Economic profitability of Binasarisha-4 production

Profitability is one of the major criteria for determination of acceptance of a crop. The cost of Binasarisha-4 production, gross return, gross margin, net return and the benefit cost ratio (BCR) for Binasarisha-4 cultivation are being discussed in the following sections.

Cost of Binasarisha-4 cultivation

The cost of human labour, land preparation, seed, fertilizers, pesticides, and irrigation were taken into consideration, while calculating cost of Binasarisha-4 production. Beside this, interest on operating capital was also considered as the cost of Binasarisha-4 production. Total cost consists of variable cost and fixed cost that covered 64.6% and 35.4% of total cost for Binasarisha-4 production. 
From Table 2, the average costs of Binasarisha-4 cultivation were Tk. 41001 and Tk. 26501 per hectare on full cost and cash cost basis, respectively. The highest production cost was for human labour (44.8%), followed by land use (15.5%), power tiller (13.1%), and irrigation (5.5%). The cost of Binasarisha-4 cultivation was found highest in Kushtia (Tk. 42527/ha) followed by that in Faridpur (Tk. 41340/ha), Magura (Tk. 40297/ha) and Jessore (Tk. 39840/ha) respectively.

Table 2. Per hectare cost of Binasarisha-4 production in different locations

	Cost  Component
	Cost of production (Tk/hectare)
	All area

	
	Jessore
	Kushtia
	Magura
	Faridpur
	

	Variable Cost
	26492
	27084
	25248
	27179
	26501(64.6)

	Hired labour (Man days)
	9662
	10796
	8636
	11721
	10204 (24.9)

	Power tiller
	5427
	5263
	5730
	5081
	5375(13.1)

	Seed
	724
	756
	706
	734
	730 (1.8)

	Fertilizers:
	 
	 
	 
	 
	 

	Urea
	1260
	1031
	1251
	1177
	1180 (2.9)

	TSP
	2029
	1978
	2097
	2075
	2045 (5.0)

	MP
	1152
	1329
	1470
	1260
	1303 (3.2)

	Gypsum
	657
	770
	696
	580
	676 (1.6)

	Zinc oxide
	275
	236
	432
	277
	305 (0.7)

	Boric acid
	104
	211
	338
	221
	219 (0.5)

	Cow dung
	2071
	1875
	1280
	1250
	1619 (3.9)

	Pesticides
	242
	102
	335
	230
	227 (0.6)

	Irrigation
	2514
	2410
	1931
	2230
	2271 (5.5)

	Int. on operating capital
	375
	327
	346
	343
	348 (0.8)

	Fixed Cost
	13348
	15443
	15049
	14161
	14500 (35.4)

	Family labour
	7512
	8642
	8721
	7786
	8165 (19.9)

	Land use cost
	5836
	6801
	6328
	6375
	6335 (15.5)

	Total Cost
	39840
	42527
	40297
	41340
	41001 (100)


Note: Bracketed figures indicate the percentage of total cost

Return from Binasarisha-4 production

The average return from Binasarisha-4 production in different locations is shown in Table 3. The average yield of Binasarisha-4 was 1624 kg/ha. The yield was highest at Magura (1770 kg /ha) followed by Kushtia (1679 kg /ha), Jessore (1642 kg/ha) and Faridpur (1405 kg /ha). Most of the farmers in the study areas sold their product just after harvest. The price of Binasarisha-4 was found the highest in Faridpur (Tk. 44.00/kg) and the lowest in Jessore (Tk. 40.00/kg). The total return from Binasarisha-4 production consists of the values of Binasarisha-4 and straw. 
The average gross margin was found Tk. 43613 on variable cost basis. Gross margin was highest in Magura (Tk. 48109/ha) followed by Kushtia (Tk. 47638/ha), Jessore (Tk. 41575/ha) and Faridpur (Tk. 37131/ha) respectively. The average net return per hectare was Tk. 29113. The net return was highest in Magura (Tk. 33060/ha) followed by Kushtia (Tk. 32195/ha), Jessore (Tk. 28227/ha) and Faridpur (Tk. 22970/ha) respectively. Benefit cost ratio was estimated at 1.71 and 2.65 on full cost and variable cost basis implying that the Binasarisha-4 cultivation at farm level was highly profitable. 

Table 3:  Profitability of Binasarisha-4 cultivation in different location

	Type
	Study areas
	All area

	
	Jessore
	Kushtia
	Magura
	Faridpur
	

	Yield from Binasarisha-4 (Kg/ha.)
	1642
	1679
	1770
	1405
	1624

	Return from Binasarisha-4  (Tk./ha)
	65681
	71337
	70810
	61805
	67408

	Return from straw (Tk./ha)
	2386
	3385
	2547
	2505
	2706

	Total Return (Tk./ha)
	68067
	74722
	73357
	64310
	70114

	Total variable cost (Tk./ha)
	26492
	27084
	25248
	27179
	26501

	Total Cost (Tk./ha)
	39840
	42527
	40297
	41340
	41001

	Gross Margin (Tk./ha)
	41575
	47638
	48109
	37131
	43613

	Net Return (Tk./ha)
	28227
	32195
	33060
	22970
	29113

	Benefit Cost Ratio (BCR)
	 
	 
	 
	 
	 

	BCR on full cost
	1.71
	1.76
	1.82
	1.56
	1.71

	BCR on variable cost
	2.57
	2.76
	2.91
	2.37
	2.65



Major constraints to Binasarisha-4 cultivation

Binasarisha-4 is a profitable crop in the study areas. Farmers faced various constraints to Binasarisha-4 cultivation. In table 4, about 95% farmers opined inadequate supply of quality seeds as a top ranked problem of Binasarisha-4 cultivation. Other constraints were higher price of fertilizers & insecticides (44%), lack of training (38%), lack of technical know-how (32%), natural calamities (26%), higher charge of irrigation (10%) and infestation of insects (9%).


Table 4. Major constraints to Binasarisha-4 cultivation in the study areas

	SL. No.
	Constraints
	% of farmers responded
	Rank

	
	
	Jessore
	Kushtia
	Magura
	Faridpur
	All area
	

	1.
	Inadequate supply of quality seeds
	100
	98
	100
	75
	95
	1

	2.
	Higher price of fertilizers & insecticides
	37
	40
	55
	45
	44
	2

	3.
	Lack of training
	30
	82
	8
	28
	38
	3

	4.
	Lack of technical know-how
	30
	25
	53
	15
	32
	4

	5.
	Natural calamities
	17
	13
	12
	80
	26
	5

	6.
	Higher charge of irrigation
	10
	5
	8
	20
	10
	6

	7.
	Infestation of insects  
	10
	13
	8
	-
	9
	7



Conclusion

Binasarisha-4 production in the study areas is profitable. Binasarisha-4 farmers received high return on its investment and cultivation of this variety increasing in the study areas day by day due to its high yield potential. 

Adoption of BINA Released Crop Varieties in Mymensingh Region

The study was conducted in Mymensingh regionof Bangladesh, namely Mymensingh, Jamalpur, Sherpur and Netrokona. The objectives were i) to assess the adoption level of BINA released crop varieties in Mymensingh region; and ii) to determine the key factors to affect the adoption. A total of 36 Upazila’s were selected as sample size in the study area from 4 Districts. Data were collected from Agriculture Officer of Department of Agriculture Extension (DAE) through interview schedule. Some descriptive statistics were used in analyzing the collected data. 

Result and Discussion

Adoption level of BINA released crop varieties in Mymensingh region

From Table 1, it was found that the highest area coverage in Boro rice in 2016-17 in Mymensingh region was 41% in Jamalpur district followed by Sherpur (0.04%), Netrokona (0.10%) and Mymensingh (0.16%), respectively. The average area coverage in Mymensingh region in this season was 0. 17%. 
Table 1.Boro Rice in 2016-17 in Mymensingh regionha

	District
	Hybrid
	HYV
	Local
	Total Cultivated area
	Total Cultivated area BINA developed Varieties
	Area coverage BINA developed Varieties (%)

	Mymensingh
	31990
	229799
	195
	261984
	406
	0.16

	Jamalpur
	19260
	96101
	595
	115956
	470
	0.41

	Sherpur
	31200
	57965
	130
	89295
	30
	0.04

	Netrokona
	10250
	171617
	610
	182477
	184
	0.10

	Total
	92700
	555482
	1530
	649712
	1090
	0.17


Source: DAE, 2016

From Table 2, the average area coverage in Boro Rice season in 2015-16 in Mymensingh region was 0.05%. It was concluded that the highest area was covered in Netrokona district (0.07%) and Mymensingh district (0.06%). In Jamalpur and Sherpur district BINA released rice variety was not cultivated in 2015-16 at Boro season.

Table 2.Boro Rice in 2015-16 in Mymensingh region
	ha
	District
	Hybrid
	HYV
	Local
	Total Cultivated area
	Total Cultivated area BINA developed Varieties
	Area coverage BINA developed Varieties (%)

	Mymensingh
	36135
	228833
	196
	265164
	160
	0.06

	Jamalpur
	18550
	109455
	720
	128725
	0
	0.00

	Sherpur
	29588
	59715
	52
	89355
	0
	0.00

	Netrokona
	11015
	172922
	523
	184460
	160
	0.07

	Total
	95288
	570925
	1491
	667704
	320
	0.05


Source: DAE, 2016

From Table 3, the average total cultivated area BINA developed varieties Mymensingh (145 ha) and Jamalpur (350 ha) the average area coverage of BINA developed rice varieties in Mymensingh region was 0.08% in Boro season at 2014-15. The highest area was covered in Jamalpur district (0.28%) and Mymensingh district (0.06%). In Netrokona and Sherpur district BINA released rice variety was not cultivated in 2014-15 at Boro season.
Table 3.Boro Rice in 2014-15 in Mymensingh region
	ha
	District
	Hybrid
	HYV
	Local
	Total Cultivated area
	Total Cultivated area BINA developed Varieties
	Area coverageBINA developed Varieties (%)

	Mymensingh
	28365
	234489
	306
	263160
	145
	0.06

	Jamalpur
	17300
	110965
	725
	128990
	350
	0.28

	Sherpur
	29335
	59685
	75
	89095
	0
	0.00

	Netrokona
	9840
	173075
	680
	183595
	0
	0.00

	Total
	84840
	578214
	1786
	664840
	495
	0.08


Source: DAE, 2016

The highest total cultivated area coverage of BINA developed varieties in Mymensingh region was 8077 ha followed by Netrokona (7894 ha), Sherpur (6488 ha) and Jamalpur (2947 ha), respectively. Total cultivated area BINA developed varieties was 25406 ha that was 4.25% of total cultivated land (Table-4).






Table 4.Aman Rice in 2016-17 in Mymensingh region
	
	District
	Hybrid
	HYV
	Local
	Total Cultivated area
	Total Cultivated area BINA developed Varieties
	Area coverageBINA developed Varieties (%)

	Mymensingh
	2120
	216040
	46755
	264915
	8077
	3.05

	Jamalpur
	3160
	74635
	27510
	105305
	2947
	2.80

	Sherpur
	6140
	48000
	34970
	89110
	6488
	7.28

	Netrokona
	750
	96145
	41240
	138135
	7894
	5.72

	Total
	12170
	434820
	150475
	597465
	25406
	4.25


Source: DAE, 2016

The highest area coverage of BINA developed Aman rice varieties in 2015-16 was found in the highest total cultivated area coverage of BINA developed varieties in Mymensingh district was 13825 ha followed by Sherpur (7620 ha), Netrokona (6026 ha) and Jamalpur (5884 ha), respectively. Total cultivated area BINA developed varieties was 33355 ha that was 5.70% of total cultivated land(Table-5).

Table 5.Aman Rice in 2015-16 in Mymensingh region
	ha
	District 
	Hybrid
	HYV
	Local
	Total Cultivated area(ha)
	Total Cultivated area BINA developed Varieties
	Area coverageBINA developed Varieties (%)

	Mymensingh
	1397
	216135
	46283
	263815
	13825
	5.24

	Jamalpur
	2527
	80110
	20258
	102895
	5884
	5.72

	Sherpur
	4880
	50745
	33635
	89260
	7620
	8.54

	Netrokona
	590
	90730
	37985
	129305
	6026
	4.66

	Total
	370
	68430
	6150
	5852275
	33355
	5.70


Source: DAE, 2016

From Table 6, The highest total cultivated area of BINA developed varieties in Aman rice in 2014-15 in Mymensingh region was 11655 ha at Mymensingh district followed by Netrokona (6441 ha), Sherpur (4385 ha) and Jamalpur (2277 ha), respectively. The total area coverage of BINA developed varieties in that season was 33.54% in total cultivated land.
Table 6.Aman Rice in 2014-15 in Mymensingh region
	ha
	District
	Hybrid
	HYV
	Local
	Total Cultivated area
	Total Cultivated area BINA developed Varieties
	Area coverageBINA developed Varieties (%)

	Mymensingh
	830
	215205
	43423
	259458
	11655
	4.49

	Jamalpur
	732
	71922
	30395
	103049
	2277
	2.21

	Sherpur
	1276
	42373
	31800
	75449
	4385
	5.81

	Netrokona
	690
	80638
	23965
	105293
	6441
	6.12

	Total
	15
	64035
	9780
	73830
	24758
	33.54


Source: DAE, 2016

From Table-7, the area coverage of Binadhan-5 in 2016-17 was found in Mymensingh (66 ha), Jamalpur (335 ha) and Netrokona (68 ha) inBoro season. In this season Binadhan-14 was cultivated highest in Mymensingh (340 ha) followed by Jamalpur (135 ha), Netrokona (116 ha) and Sherpur (30 ha), respectively. The highest cultivated land was BRRIdhan-28 (133387 ha). In Aman season Binashail, Binadhan-7 Binadhan-9 and Binadhan-11 were cultivated in total area of 25406 ha.The highest cultivated area of this season was BRRIdhan-49 (83269 ha).

Table 7. District wise adoption level of BINA released crop variety in term of area coverage in Mymensingh Region 2016-17                                                                                                ha
	District
	Boro
	Aman

	
	Binadhan-5
	Binadhan-14
	Total Cultivated area BINA developed Varieties
	Highest Cultivated variety
	Binashail
	Binadhan-7
	Binadhan-9
	Binadhan-11
	Total Cultivated area BINA developed Varieties
	Highest Cultivated variety

	Mymensingh
	66
	340
	406
	133387 (BRRIdhan-28)
	50
	7328
	195
	504
	8077
	83269 (BRRIdhan-49)

	Jamalpur
	335
	135
	470
	51955 (BRRIdhan-28)
	0
	2814
	0
	133
	2947
	14170
(BRRIdhan-49)

	Sherpur
	0
	30
	30
	23772 (BRRIdhan-28)
	0
	5972
	0
	516
	6488
	15257
(Pajam)

	Netrokona
	68
	116
	184
	84808
(BRRIdhan-29)
	0
	7881
	0
	13
	7894
	3484
(BR-32)

	Total
	469
	621
	1090
	
	50
	23995
	195
	1166
	25406
	


Source: DAE









Table 8. District wise adoption level of BINA released crop variety in term of area coverage in Mymensingh Rigion 2015-16  
ha
	District
	Boro
	Aman

	
	Binadhan-5
	
Binadhan-14
	Total Cultivated area BINA developed Varieties
	Highest Cultivated variety
	Binashail
	Binadhan-7
	Binadhan-11
	Total Cultivated area BINA developed Varieties
	Highest Cultivated variety

	Mymensingh
	90
	70
	160
	134661
(BRRIdhan-28)
	20
	12335
	1470
	13825
	75151
(BRRIdhan-49)

	Jamalpur
	0
	0
	0
	54439 (BRRIdhan-29)
	575
	4331
	978
	5884
	16179
(Haridhan)

	Sherpur
	0
	0
	0
	26290 (BRRIdhan-28)
	0
	7350
	270
	7620
	10570
(BRRIdhan-49)

	Netrokona
	0
	0
	0
	83568
(BRRIdhan-29)
	0
	6008
	18
	6026
	34599
(BR-32)

	Total
	90
	70
	160
	
	595
	30024
	2736
	33355
	


Source: DAE







Table 9.  District wise adoption level of BINA released crop variety in term of area coverage in Mymensingh Region 2014-15                                                                ha
	District 
	Boro
	Aman

	
	Binadhan-5
	Binadhan-6

	Total Cultivated area BINA developed Varieties
	Highest Cultivated variety
	Binadhan-
7
	Binadhan-11 

	Total Cultivated area BINA developed Varieties
	Highest Cultivated variety

	Mymensingh
	85
	60
	145
	134360 (BRRIdhan-28)
	11645
	10
	11655
	60445
(BRRIdhan-49)

	Jamalpur
	140
	210
	350
	54419 (BRRIdhan-29)
	2265
	12
	2277
	12006
(Pajam)

	Sherpur
	0
	0
	0
	28795 (BRRIdhan-28)
	4380
	05
	4385
	14963
(Pajam)

	Netrokona
	0
	0
	0
	87054
(BRRIdhan-29)
	6440
	01
	6441
	31620
(BR-32)

	Total
	225
	270
	495
	
	24730
	28
	24758
	


Source: DAE





The total area coverage of Binadhan-5 and Binadhan-14 in Mymensingh region in 2015-16 was160 ha in Boro season.The highest cultivated area of this season was BRRIdhan-28 (134661 ha) at Mymensingh district.The total area coverage of Binashail, Binadhan-7 and Binadhan-11 was 33355 ha in Aman season. The highest cultivated area of this season was BRRIdhan-49 (75151 ha) at Mymensingh district (Table 8).
From Table 9, it was foundthat total area coverage Binadhan-5 (225 ha) and Binadhan-7 (270 ha) was 495 ha in Boro season at 2014-15.The highest cultivated area of this season was BRRIdhan-28 (134360 ha) at Mymensingh district.  In Aman season, the highest cultivated area of Binadhan-11 was Mymensingh (11645 ha) followed by Netrokona (96440 ha), Sherpur (4380 ha) and Jamalpur (2265 ha), respectively. In that season the total Binadhan-11 also cultivated in Mymensingh region were 28 ha.The highest cultivated area of this season was BRRIdhan-49 (60445 ha) at Mymensingh district.

Constraints to BINA released varieties at farm level

The Agriculture officer’s in the study areas encountered some constraints to varieties/ technologies. The first rank problem was lack of coordination of BINA with DAE, inadequate supply of inputs compare to other research institutions, lack of supervision to the farmer’s field, lack of motivation to the farmer’s to cultivate the BINA released varieties, lack of training facilities to the  DAE personnel about BINA technologies, farmer didn’t got risk to accept new technologies or varieties and unable to Agriculture officer to extension BINA Released varieties because of DAE head office instruction. 
Table 10. Constraint to BINA released varieties at farm level
	SL. No.
	Constraints
	Rank

	1.
	Lack of coordination of BINA with DAE
	1

	2.
	Inadequate supply of inputs compare to other research institutions
	2

	3.
	Unable to Agriculture officer to extension BINA Released variety because of DAE head office instruction
	3

	4.
	Lack of motivation to the farmer’s to cultivate the BINA released variety
	4

	5.
	Lack of training facilities to the  DAE personnel about BINA technology
	5

	6.
	Farmer didn’t get risk to accept new technology or variety 
	6

	7.
	Lack of supervision to the farmer’s field
	7



Conclusion 

The production of BINA released varieties in the study areas was profitable. Although BINA released varieties/ technologies were profitable crop, majority of the farmers were ignoring this for various constraints. This constraints could be reduced or eradicate through taking some initiatives by BINA with the collaboration of DAE.
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Number of primary and secondar branches



92.55	81.38	89.04	90.31	73.14	90.64	87.86999999999999	89.8	99.14	73.66	89.11999999999999	86.54	17.411212121212131	16.375151515151515	17.930303030302774	17.611515151515231	15.856060606060725	18.803030303030287	16.608181818181819	17.49969696969697	17.784848484848531	16.013939393939289	16.72424242424243	17.886666666666667	

RY(%)	16	16	17	13	17	11	22	30	34	13	7	9	8	8	10	10	18	14	10	19	44	59	66	39	79	62	69	58	79	73	97	56	47	82	53	51	82	48	73	79	Extractable P (Bray)

% Relative Yield
RY(%)	20	21	23	25	20	16	14	35	37	33	14	17	15	17	16	19	37	35	27	38	44	59	66	39	79	62	69	58	79	73	97	56	47	82	53	51	82	48	73	79	Extractable P (Nelson)

% Relative Yield
a
Forest root 	0-5	5-15	15-30	30-60	60-90	0.58000000000000052	0.60000000000000064	0.17	0.11000000000000018	0.1	Oil palm root	0-5	5-15	15-30	30-60	60-90	0.32000000000000645	2.5499999999999998	1.6900000000000235	2.96	2.1800000000000002	Soil depth (cm)
Root  wt. (g)
b
Forest soil	0-5	5-15	15-30	30-60	60-90	26.630000000000031	28.5	32.630000000000003	23.630000000000031	19.5	Oil palm soil	0-5	5-15	15-30	30-60	60-90	31.88	30.38	43.88	35.25	38.130000000000003	Soil depth (cm)
Organic carbon in root (%)
c
Oil palm	98.64±82.13
38.78±50.83
41.93±8.77

Fresh wt	Dry wt	%OC	98.64	38.78	41.93	Forest	150.29±31.89
86.76±14.36
42.87±4.97

Fresh wt	Dry wt	%OC	150.29	86.76	42.87	Biomass of litter
Biomass wt. (g/0.1m2),  and OC content (%)
a
Forest soil	0-5	5-15	15-30	30-60	60-90	6.75	1.81	2.06	1.04	1.02	Oil palm soil	0-5	5-15	15-30	30-60	60-90	2.72	2.63	3.66	2.59	1.76	Soil depth (cm)
Organic matter (%)
b
Forest soil	0-5	5-15	15-30	30-60	60-90	2.11	1.3800000000000001	2.62	2.65	2.66	Palm oil soil	0-5	5-15	15-30	30-60	60-90	0.87000000000000965	2.0699999999999998	3.9299999999999997	5.31	3.27	Soil depth (cm)
Organic carbon stock (t ha-1)
c
Forest soil	0-5	5-15	15-30	30-60	60-90	0.18000000000000024	0.69000000000000061	0.72000000000000064	2.2400000000000002	1.54	Oil palm soil	0-5	5-15	15-30	30-60	60-90	0.22	0.31000000000000238	0.35000000000000031	0.38000000000000456	0.26	Soil depth (cm)
Available water (cm3 cm-3)
d
Forest	0-5	5-15.0	15-30	30-60	60-90	1.08	1.31	1.47	1.47	1.5	Oil palm	0-5	5-15.0	15-30	30-60	60-90	1.1100000000000001	1.36	1.24	1.1800000000000026	1.07	Soil depth (cm)
Bulk density (g cm-3)
e
Forest soil	0-5	5-15	15-30	30-60	60-90	4.9400000000000004	5.09	5.1599999999999975	5.26	5.2700000000000014	Oil palm soil	0-5	5-15	15-30	30-60	60-90	4.8	4.67	4.75	4.6899999999999995	4.71	Soil depth (cm)
pH
f
Forest soil	0-5	5-15	15-30	30-60	60-90	2.8099999999999987	2.62	2.54	2.46	2.44	Oil palm soil	0-5	5-15	15-30	30-60	60-90	2.0299999999999998	2.27	2.21	2.34	2.2999999999999998	Soil depth (cm)
EC (dS-1)
Forest soil	0-5	5-15	15-30	30-60	60-90	-30.58	-29.72	-28.5	-26.86	-26.04	Palm soil	0-5	5-15	15-30	30-60	60-90	-29.06	-29.150000000000031	-24.47	-23.73	-19.16	Depth of soil (cm)
δ13C value
Grain yield LSD=5.13	As0Fe0	As33Fe0	As33Fe25	As33Fe50	As33Fe100	18.100000000000001	3.71	6.25	3.8699999999999997	6.14	Straw yield LSD=3.05	As0Fe0	As33Fe0	As33Fe25	As33Fe50	As33Fe100	16.88	5.04	6.8	6.38	6.35	Treatment
Yield (g/plant)
BARI Gom-25	Zn0	Zn1.5	Zn3	Zn4.5	Zn6	2.96	3.2600000000000002	3.8299999999999987	3.63	3.71	BARI Gom-26	Zn0	Zn1.5	Zn3	Zn4.5	Zn6	3.02	3.4699999999999998	3.96	3.4899999999999998	3.68	Zn rate (kg ha-1)

Grain yield (t ha-1)


A
Protein	y = 0.307x + 8.62
R² = 0.978
0.25817058959791295	0.41655146140663102	0.31615764000468732	0.27763366750690233	0.11561268673174832	0.25817058959791295	0.41655146140663102	0.31615764000468732	0.27763366750690233	0.11561268673174832	0	1.5	3	4.5	6	8.6	9.07	9.48	10.18	10.350000000000026	SE	0.25817058959791295	0.41655146140663102	0.31615764000468732	0.27763366750690233	0.11561268673174832	0.25817058959791295	0.41655146140663102	0.31615764000468732	0.27763366750690233	0.11561268673174832	Zn rate (kg ha-1)

Protein conc. (%)


B
Conc.Zn	y = -0.152x2 + 1.68x + 33.6
R² = 0.787
0.58770741019660411	0.89237510797496478	0.48662100242385786	0.71633325577787699	1.2263767773404666	0.58770741019660411	0.89237510797496478	0.48662100242385786	0.71633325577787699	1.2263767773404666	0	1.5	3	4.5	6	33.9	35.5	36.300000000000004	39.700000000000003	37.6	SE	0.58770741019660411	0.89237510797496478	0.48662100242385786	0.71633325577787699	1.2263767773404666	0.58770741019660411	0.89237510797496478	0.48662100242385786	0.71633325577787699	1.2263767773404666	Zn rate (kg ha-1)

Zn conc. (µg g-1)


C
Conc.Fe..ppm	y = 1.33x + 31.7
R² = 0.933
1.0708563551351458	1.7404980130219458	1.4259499757471557	1.2865457628860353	1.836663641860788	1.0708563551351458	1.7404980130219458	1.4259499757471557	1.2865457628860353	1.836663641860788	0	1.5	3	4.5	6	30.7	34.300000000000004	36.700000000000003	37.6	39	SE	1.0708563551351458	1.7404980130219458	1.4259499757471557	1.2865457628860353	1.836663641860788	1.0708563551351458	1.7404980130219458	1.4259499757471557	1.2865457628860353	1.836663641860788	Zn rate (kg ha-1)

Fe conc. (µg g-1)


Conc.Fe..ppm.	y = 0.88x + 3.59
R² = 0.289, P <0.05
34.9	37.700000000000003	35.700000000000003	40.1	41.2	34.1	36.300000000000004	38.1	42	37.300000000000004	31.5	31.9	35.300000000000004	39.800000000000004	32.9	34.9	36.200000000000003	36.1	37	39	33.200000000000003	34.800000000000004	35.5	39.9	37.1	34.5	36.200000000000003	37.1	39.5	38.1	30.1	31.8	34.1	33.200000000000003	34.4	34.5	37.700000000000003	38.800000000000004	40.9	41.4	31.1	29.9	34.4	37.5	36.4	27	36.9	42	38.800000000000004	43.9	30.6	30.9	34.200000000000003	35.4	35.4	30.8	38.800000000000004	36.9	39.800000000000004	42.7	Zn conc. (µg g-1)

Fe conc. (µg g-1)


Tem. Max.	42675	42705	42736	42767	42795	29.59	26.69	25.75	29.56	31.47	Tem. Min.	42675	42705	42736	42767	42795	18.22	14.31	11.68	15.860000000000024	20.34	Month

Temperature 0C   

Rainfall(mm)	42675	42705	42736	42767	42795	40	0	0	0	59.2	42675	42705	42736	42767	42795	Humidity(%)	42675	42705	42736	42767	42795	81	82	78	74	75	Month

Rainfall (mm)
Humidity (%)

15	18	21	24	27	30	3.5	3.8	4.5	5	4	3.5	Temperature 0 C

Growth rate (mm/day)
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Fig.: SSR primer survey of foreground and background selection

Legend: 1=RMI1; 2=RM283; 3=RM237, 4=RM259;, 5=RM431, 6=RM495;, 7=RM499, 8=RMS,
9=RM243;
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Fig.: SSR primer survey of foreground and background selection for
Binadhan-16 and O. rufipogon population

Legend: 1=RMI, 2=RM283;, 3=RM237, 4=RM259; 5=RM431, 6=RM495; 7=RM499; 8§=RMS;
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