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Abstract 
 

Field trials were conducted using ten rice genotypes including four national and international check varieties under 
drought prone rainfed environments of Rangpur, Nilphamari, Kurigram and Lalmonirhat districts of Bangladesh in 
Transplant Aman 2012 season to evaluate the growth duration and grain yield stability as well as adaptability. The 
experiment used randomized complete block design with three replications. Growth duration and Grain yield data 
were subjected to Additive Main effects and Multiplicative Interaction (AMMI) analysis. The mean growth duration of 
10 genotypes over four environments showed that the longest growth duration was found for IR83383-B-B-129-4 
(115.6 days) and the lowest growth duration was found for BRRI dhan56 (Ck) (113.4 days). IR82635-B-B-145-1 
produced maximum 4.28 t/ha grain yield followed by 4.28 t/ha in IR82589-B-B-84-3 and the lowest grain yield was 
recorded for IR83376-B-B-130-2 with 3.24 t/ha. It was evident from the AMMI 1 biplot analysis that IR83377-B-B-93-
3, IR83383-B-B-129-4, IR82635-B-B-145-1, IR82635-B-B-75-2 and BRRI dhan56 (Ck) generally exhibited high yield 
with high main (additive) effects showing positive first  principal  component  of  the  interaction  (IPCA1), but 
IR82635-B-B-145-1 being the overall best. Hence, IR82635-B-B-145-1 was identified as specially adapted to 
Lalmonirhat and this environment was considered as the wide range suitable environment for the genotype. 
Lalmonirhat could be regarded as a good selection site for rice improvement due to stable yields. IR83377-B-B-93-3, 
IR82635-B-B-145-1, IR83383-B-B-129-4, IRRI 123 (Ck), BRRI dhan57 (Ck) and BINA dhan7 (Ck) were hardly 
affected by the G × E interaction and would perform well across a wide range of environments. In AMMI 2 biplot, 
IR82635-B-B-145-1 and IRRI 123 (Ck) was more responsive since they were away from the origin whereas other 
genotypes were nearer to the origin and hence they were more stable to different environments. IR83383-B-B-129-4 
was very close to the origin, so it was more stable to different environments. Similarly Rangpur Sadar and 
Lalmonirhat showed similar potentiality over IR83383-B-B-129-4. The study it revealed that IR83377-B-B-93-3, 
IR83383-B-B-129-4, IR82635-B-B-145-1, IR82635-B-B-75-2 and IR82589-B-B-84-3 has the potentiality to show 
drought tolerance for the regions and might be suitable for releasing as a variety after conducting  proper yield 
evaluation trials and Distinction, Uniformity and Stability (DUS) tests. 
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Introduction 
 

Rice (Oryza sativa L.) is the staple food of more than three billion people in the world and a major source 
of global food calories. Drought is a major yield limiting factor affecting the crop productivity worldwide 
(Hussain et al., 2011). Drought in Bangladesh affect about 2.32 and 1.2 million hectare of cropped land 
annually during the Aman (July to October) and Boro (November to June) seasons, respectively (Ibrahim, 
2001). Drought is a recurrent phenomenon and an important constraint on agricultural production in 
humid and sub humid rice-growing areas of Asia. At least 23 million hectares in Asia (20 per cent of the 
total rice area) are subject to drought of varying intensities, which is one of the major factors contributing 
to low and unstable production in Bangladesh. The economic costs of drought include not only the rice 
production loss, but also the loss in production of post-rice crops grown on residual soil moisture. Drought 
in the context of agriculture is a situation when the water availability to plant is less than what is required 
to sustain its growth and development (Deikman et al., 2011). Drought tolerance is the ability of the plant 
to survive in water limited conditions (Turner, 1979). Karim et al., (1990) mentioned that due to uncertain 
rain and its uneven distribution in Bangladesh, drought of different intensities occurs during the growing 
period of T. Aman. Islam (1996) stated that the farmers cultivate medium duration Aman varieties in the 
region. Early drought delays transplanting of Aman and as a result shifts the harvesting time. 
Consequently, the Aman rice, on the other hand, is also affected due to drought during the reproductive 
stage. Thus sustainable food self-sufficiency of Bangladesh is being threatened by devastating drought. 
Increasing population pressure, unpredictable rainfall patterns, shrinking fresh water resources, and 
increased frequency of severe drought spells in recent years are the reasons behind putting concerted 
efforts  toward  breeding  drought-tolerant  rice  cultivars  much  needed  by   the   rice   farmers.  Drought  
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mitigation through development of drought resistant varieties with higher yields suitable for water-limiting 
environments will be a key to improve rice production and ensure food security to 3 billion people in Asia. 
This study encompasses an overview of the activities in rice emphasizing the adaption of the drought 
tolerant genotypes in drought prone regions of Bangladesh and to identify best genotype(s) that could be 
able to alleviate drought in Bangladesh. 
 

Materials and Methods 
 

Ten promising drought tolerant rainfed rice genotypes including four national and international drought 
tolerant check varieties were grown in four locations of Rangpur Sadar, Nilphamari, Lalmonirhat and 
Kurigram of Bangladesh during T. Aman 2012 season. Twenty one to twenty four days old seedlings 
were transplanted @ 2-3 seedlings per hill at 20 cm × 20 cm spacing in Randomized Complete Block 
Design with 3 replications in four districts. Fertilizers @ 69 (152 Kg Urea): 10 (52 Kg TSP): 41 (82 Kg 
MP): 11 (60 Kg Gypsum): 4 (11 Kg Zn SO4) Kg/ha NPKSZn were applied in the trial. All amounts of P, K, 
S and Zn were applied at the time of final land preparation and nitrogen was applied at three equal splits 
at 10, 25-30 and 40-45 days after transplanting (BRRI, 2015). Crop management such as weeding, 
irrigation etc. was done in time. Insects, diseases and other pests were controlled properly. Drought 
stress was initiated four weeks after transplanting up to maturity through proper draining of water from the 
field. Growth duration and grain yield data were collected from 4 environments. Data were analyzed 
following ANOVA model for single site experiment conducted in randomized complete block design 
(Gomez and Gomez, 1984) as given below 
 

Yij = μ + Gi + Bj + eij,  
 

where Yij= observed phenotype of ith genotype in jth block, μ=overall mean, Gi= effect of ith genotype, 
Bj= effect of jth block, eij= effect of experiment error. Error variances for each traits were test for variance 
homogeneity using Bartlett's test (Snedecor and Cochran, 1983), and data the traits with homogenous 
variances were combined. 
 

Finally Yijk = μ + Gi + Ej + Bj/k + (GxE)ij + eijk was used to analyse cross site variance components. 
where Yijk= observed phenotype of ith genotype in kth block under jth environment, μ=overall mean, Gi= 
effect of ith genotype, Ej= effect of jth environment, Bj/k= effect of kth block under jth environment, 
(GxE)ij= effect of interaction between ith genotype and jth environment, eijk= effect of experiment error. 
ANOVA and Genotype-Environment Interaction (GEI) were estimated by the AMMI model (Zobel et al., 
1988) using Cropstat version 7.2 software.  
 

Results and Discussion 
 

Analysis of Variance 
 

The analysis of variance for growth duration (days) and grain yield (t/ha) of 10 genotypes in four 
environments is represented in Table 1 and Table 2, respectively. The analysis revealed that variances 
for genotypes as well as environments were significant but G × E interaction was not significant in case of 
growth duration. This implies that there was no significant variation in growth duration among the 
genotypes over four different environments but there had substantial variation among the genotypes. The 
main effects of growth duration for genotype explained 40.76%, that of environment accounted explained 
37.64% and for G × E interaction explained 10.63% of the total variation.  
 

Table 1. Additive Main effects and Multiplicative Interaction analysis of variance for growth duration (days) 
of the genotypes across environments 

 

Source of Variation df SS MS F % explained 
Genotypes (G) 9 66.50 7.39 3.70** 40.76 
Environments (E) 3 61.41 20.47 10.24** 37.64 
Interaction G × E (GEI) 27 17.34 0.64 0.32 10.63 

AMMI COMPONENT1 11 10.52 0.96 0.48 6.45 
AMMI COMPONENT2 9 5.36 0.60 0.30 3.29 
AMMI COMPONENT3 7 1.45 0.21 0.10 0.89 

Error 80 159.86 2.00     
Total 119 163.14       
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The variance of genotype, environments and G × E interaction for grain yield were significant along four 
environments. This implies that there was substantial difference in grain yield among the genotypes in 
four different environments. The main effects of grain yield for genotype explained 43.35% and that of 
environment accounted explained 37.31% and for G × E interaction explained 19.12% of the total 
variation. The higher sum of squares for genotype indicated that the genotypes were diverse, with higher 
differences among genotypic means causing most of the variation in grain yield which is in harmony with 
the findings of Misra et al., (2009) and Fentie et al., (2013) in rice production. 
 
Table 2. Additive Main effects and Multiplicative Interaction analysis of variance for grain yield (t/ha) of the 

genotypes across environments 
 

Source of Variation df SS MS F % explained 
Genotypes (G) 9 4.182 0.465 7.506** 43.35 
Environment (E) 3 3.599 1.200 19.381** 37.31 
Interaction G × E (GEI) 27 1.844 0.068 1.100** 19.12 

AMMI COMPONENT1 11 0.987 0.090 1.450* 10.23 
AMMI COMPONENT2 9 0.453 0.050 0.813 4.69 
AMMI COMPONENT3 7 0.404 0.058 0.933 4.19 

Error 80 4.952 0.062     
Total 119 9.647       

 
Stability of Growth Duration (days) 
 
The mean growth duration of 10 genotypes over 4 environments is represented in Table 3 showed that 
IR83383-B-B-129-4 had the highest (115.6 days) and BRRI dhan57 had the lowest (110.9 days) growth 
duration. The genotypes showed less consistent performances across all environments. The growth 
duration of all the genotypes ranged from 108.3 to 117.3 days for all the environments. The average 
growth duration of all environments for all the genotypes was 114.2 days. On the basis of environmental 
index value considering negative and positive, Rangpur Sadar (E1) (1.4) was rich environment followed 
by Nilphamari (E2) (0.5) and Kurigram (E4) (0.2) but Lalmonirhat (E3) (-2.0) was the poor environment 
(Table 3). Within the genotypes, IR82589-B-B-84-3, BRRI dhan56 (Ck) and BRRI dhan57 (Ck) showed 
better performance in adverse environment due to their negative phenotypic index. 
 

Table 3. Stability parameters for growth duration (days) of 10 rice genotypes in 4 environments 
 

SN Genotype/Variety Rangpur 
Sadar (E1) 

Nilphamari 
(E2) 

Lalmonirhat 
(E3) 

Kurigram 
(E4) 

Mean Phenotypic 
index 

IPCA1 IPCA2 IPCA3 

1 IR83377-B-B-93-3 116.3 116.0 113.7 113.3 114.8 0.600 -1.123 -0.009 -0.210 
2 IR83376-B-B-130-2 115.3 115.3 111.7 115.0 114.3 0.100 0.235 0.263 0.733 
3 IR83383-B-B-129-4 116.7 116.0 113.7 116.0 115.6 1.400 0.090 -0.180 0.121 
4 IR82635-B-B-145-1 116.7 116.0 113.7 115.0 115.3 1.100 -0.366 -0.071 -0.079 
5 IR82635-B-B-75-2 117.3 116.0 111.7 115.0 115.0 0.800 0.067 1.140 -0.078 
6 IR82589-B-B-84-3 114.8 113.8 112.0 113.3 113.5 -0.700 -0.250 -0.248 -0.284 
7 IRRI 123 (Ck) 115.7 115.0 113.7 115.0 114.8 0.600 -0.128 -0.665 -0.083 
8 BRRI dhan56 (Ck) 114.0 114.0 111.7 114.0 113.4 -0.800 0.095 -0.421 0.528 
9 BRRI dhan57(Ck) 112.3 110.0 108.3 113.0 110.9 -3.300 1.299 -0.229 -0.430 

10 BINA dhan7(Ck) 116.3 115.0 112.0 114.7 114.5 0.300 0.079 0.420 -0.216 
Mean 115.6 114.7 112.2 114.4  

 
 

GM=114.2 
 
 
 

Environment index 1.4 0.5 -2.0 0.2 
IPCA1 -0.025 -0.744 -0.709 1.479 
IPCA2 0.836 0.540 -1.123 -0.253 
IPCA3 -0.735 0.739 -0.246 0.242 
SE 0.348 0.320 0.493 0.493 
CV 0.520 0.480 0.760 0.750 
LSD (0.05) 1.030 0.950 1.470 1.470 
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Stability of Grain Yield (t/ha) 
 

Table 4 shows the mean grain yield over 4 environments. Maximum grain yield was found for IR82635-B-
B-145-1 (4.28 t/ha) followed by IR82589-B-B-84-3 (4.25 t/ha) and the lowest grain yield was recorded for 
IR83376-B-B-130-2 (3.24 t/ha). The grain yield of all the genotypes ranged from 3.02 to 4.64 t/ha in all the 
environments. The average grain yield of all environments for all the genotypes was 3.82 t/ha. On the 
basis of environmental index value considering negative and positive, Lalmonirhat (E3) (-0.212) and 
Kurigram (E4) (-0.33) were poor, Rangpur Sadar (E1) (0.098) was medium and Nilphamari (E2) (0.443) 
were rich environments. Within the genotypes IR82635-B-B-145-1, IR82589-B-B-84-3, IR82635-B-B-75-
2, IR83377-B-B-93-3, BRRI dhan56 (Ck) and IR83383-B-B-129-4 had higher average yields and negative 
index values which indicated the genotypes could be adapted to the stress/drought prone environments. 
IRRI 123 (Ck) also yielded high and due to positive phenotypic index it is suitable for favorable 
environment. IR83376-B-B-130-2, BRRI dhan57 (Ck) and BINA dhan7 (Ck) were also adapted to 
favorable environments. 
 

Table 4. Stability parameters for grain yield (t/ha) of 10 rice genotypes in 4 environments 
 

SN Genotype/Variety Rangpur 
Sadar (E1) 

Nilphamari 
(E2) 

Lalmonirhat 
(E3) 

Kurigram 
(E4) 

Mean Phenotypic 
index 

IPCA1 IPCA2 IPCA3 

1 IR83377-B-B-93-3 3.60 3.25 4.44 4.32 3.90 -0.079 0.099 0.186 0.509 
2 IR83376-B-B-130-2 3.10 3.12 3.13 3.63 3.24 0.578 -0.364 -0.111 -0.339 
3 IR83383-B-B-129-4 4.10 3.06 4.26 3.93 3.84 -0.017 0.585 -0.051 -0.02 
4 IR82635-B-B-145-1 4.20 3.95 4.64 4.32 4.28 -0.457 0.104 -0.391 0.108 
5 IR82635-B-B-75-2 4.23 3.54 4.42 4.22 4.10 -0.281 0.32 -0.155 -0.058 
6 IR82589-B-B-84-3 3.81 4.21 4.33 4.63 4.25 -0.424 -0.526 -0.196 0.061 
7 IRRI 123 (Ck) 3.51 3.18 3.94 4.53 3.79 0.033 -0.171 0.539 0.111 
8 BRRI dhan56 (Ck) 4.1 3.23 3.87 4.24 3.86 -0.04 0.228 0.199 -0.422 
9 BRRI dhan57 (Ck) 3.24 3.23 3.80 3.75 3.50 0.318 -0.141 -0.208 0.186 

10 BINA dhan7 (Ck) 3.34 3.02 3.51 3.95 3.46 0.365 -0.133 0.187 -0.134 
Mean 3.72 3.38 4.03 4.15  

 
 

GM=3.82 

Environment index 0.098 0.443 -0.212 -0.33 
IPCA1 0.597 -0.167 0.369 -0.3485 
IPCA2 -0.041 -0.483 -0.126 0.65 
IPCA3 -0.498 -0.116 0.612 0.001 
SE 0.058 0.012 0.016 0.0078 
CV 0.92 0.64 0.73 0.33 
Lsd (0.05) 0.06 0.04 0.05 0.02 
 

Significant G × E interaction variance is suggestive of differential performance of varieties under different 
environments. IR82589-B-B-84-3 out yielded in Nilphamari (E2) and Kurigram (E4) among the genotypes, 
IR82635-B-B-75-2 out yielded in Rangpur Sadar (E1) where as IR82635-B-B-145-1 out yielded in 
Lalmonirhat (E3) might be suitable for the specific locations. Farshadfar and Sutka (2003), Asenjo et al., 
(2003), Das et al., (2010) and Kulsum et al., (2013) analyzed G × E interaction in rice by AMMI model. 
They found significant G × E interaction for grain yield and stated the usefulness of AMMI analysis for 
selection of genotypes for specific location/environment. 
 

AMMI Analysis 
 

Biplot analysis is possibly the most powerful tool for AMMI models for visualizing the inter relationships. 
There are two basic AMMI biplots, the AMMI 1 biplot where the main effects (genotype mean and 
environment mean) and IPCA1 scores for both genotypes and environments are plotted against each 
other visualizing the magnitude of interaction for each genotype and each environment. On the other 
hand, the second biplot is AMMI 2 biplot where scores for IPCA1 and IPCA2 are plotted.  
 

The AMMI-1 biplot for grain yield of 10 genotypes at 4 environmental conditions is presented in Fig. 1. In 
the AMMI 1 biplot, the usual interpretation of biplot is that the displacements along the abscissa indicate 
differences in main (additive) effects, whereas displacements along the ordinate indicate differences in 
interaction effects. Genotypes that group together have similar adaptation while environments which 
group together influences the genotypes in the same way (Kempton, 1984). The best adapted genotype 
can  plot  far  from the environment. If a genotype or an environment has an IPCA1 score of nearly zero, it  
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has small interaction effects and considered as stable. When a genotype and environment have the same 
sign on the PCA axis, their interaction is positive and if different, their interaction is negative. The AMMI 1 
biplot gave a model fit 91.1%. This result is in agreement with the findings of Nadeem et al., (2007), 
Gauch and Zobel (1996), Annichiarico (2002) and Zobel (1988). Genotypes and environments on the 
same parallel line, relative or ordinate have similar yields and a genotype or environment on the right side 
of the midpoint of this axis has higher yields than those of left hand side. Consequently, among the 
genotypes IR83377-B-B-93-3, IR83383-B-B-129-4, IR82635-B-B-145-1, IR82635-B-B-75-2 and BRRI 
dhan56 (Ck) were generally exhibited high yield with high main (additive) effects showing positive IPCA1 
score, but the IR82635-B-B-145-1 being the overall best. Hence, IR82635-B-B-145-1 was identified as 
specially adapted to Lalmonirhat (E3) and this environment was considered as the wide range suitable 
environment for the genotype. Similar outcome has reported by Das et al., (2010) and Kulsum et al., 
(2013). Since, Lalmonirhat (E3) had positive IPCA1 score and nearest to zero from other environments 
and hence had medium interaction effects indicating that all the genotypes performed well in these 
locations. Thus Lalmonirhat (E3) was considered as the favorable environments for the above mentioned 
genotypes. IR83377-B-B-93-3 and IR82635-B-B-145-1 showed IPCA1 score close to zero, indicating that 
these genotypes were stable and less influenced by the environments (Yau, 1995). This result is in 
agreement with the findings of Adugna (2007) and Anandan et al., (2009). Similarly, Kurigram (E4) was 
found favorable environment for the genotype IR82589-B-B-84-3 having negative IPCA1 score but with 
the higher yield than the average yield. Other genotypes showed below average yield. Similarly, IRRI 123 
(Ck), BRRI dhan57 (Ck) and BINA dhan7 (Ck) were more stable across environments (low negative 
IPCA1 score) with below average yield. The genotypes with negative IPCA1 score near zero indicated 
that these varieties were less influenced by the environments. None of the genotypes were found suitable 
for the environment Rangpur Sadar (E1). Finally, AMMI 1 biplot statistical model has been used to 
diagnose the G × E interaction pattern of grain yield of rice resulting the genotypes IR83377-B-B-93-3, 
IR82635-B-B-145-1, IR83383-B-B-129-4, IRRI 123 (Ck), BRRI dhan57 (Ck) and BINA dhan7 (Ck) were 
hardly affected by the G × E interaction and thus will perform well across a wide range of environments. 
Lalmonirhat (E3) could be regarded as a good selection site for rice improvement due to more or less 
stable yields. 

 
 

Fig. 1. AMMI 1 Biplot for grain yield (t/ha) of 10 rice genotypes (G) and four environments (E) using genotypic and 
environmental scores against their respective IPCA1  

 

(First  principal  component  of  the  interaction =IPCA1, 1=IR83377-B-B-93-3, 2= IR83376-B-B-130-2, 3= IR83383-B-
B-129-4, 4= IR82635-B-B-145-1, 5= IR82635-B-B-75-2, 6= IR82589-B-B-84-3, 7= IRRI 123 (Ck), 8= BRRI dhan56 
(Ck), 9= BRRI dhan57 (Ck) and 10= BINA dhan7 (Ck); E1= Rangpur Sadar, E2= Nilphamari, E3= Lalmonirhat Sadar 
and E4= Kurigram) 
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In AMMI 2 biplot, (Fig. 2) the environmental scores are joined to the origin by side lines. Sites with short 
spokes show little interaction. Those with long spokes exert strong interaction. From the Fig. 2 the points 
representing Rangpur Sadar (E1), Nilphamari (E2), Lalmonirhat (E3) and Kurigram (E4) are connected to 
the origin. Rangpur Sadar (E1) and Lalmonirhat (E3) had short spokes and they do not exert strong 
interaction forces.  The genotypes occurring close together on the plot will tend to have similar yields in all 
environments, while genotypes far apart may either differ in mean yield or show a different pattern of 
response over the environments. Hence, the genotypes near the origin are more or less stable to the 
different environmental interaction and those distant from the origins are sensitive and have large 
interaction. Similarly environment which group together have similar pattern of interaction over the 
genotypes. Thus the AMMI 2 biplot gave model fit to 78.1% of G × E interaction. In the present study, the 
genotype IR82635-B-B-145-1 and IRRI 123 (Ck) had more responsive since they were away from the 
origin whereas the genotypes IR83377-B-B-93-3, IR83376-B-B-130-2, IR83383-B-B-129-4, IR82635-B-B-
75-2, IR82589-B-B-84-3, BRRI dhan56 (Ck), BRRI dhan57 (Ck) and BINA dhan7 (Ck) were nearer to the 
origin and hence they were least sensitive to environmental interaction. IR83383-B-B-129-4 was very 
close to the origin, so it is stable towards the environments. Here genotype IR83383-B-B-129-4 showed 
similar potentiality over Rangpur Sadar (E1) and Lalmonirhat (E3). In the same way IR82635-B-B-75-2 
showed stability in Lalmonirhat. For multivariate approach, the AMMI model is better for partitioning the G 
× E into the causes of variation, which identifies environments’ potential and used to identify superior 
genotypes either with specific adaptation or wide adaptation (Anandan et al., 2009., Crossa, 1990 and 
Kempton, 1984). 
 

 
 
Fig. 2. AMMI 2 model for grain yield (t/ha) of 10 rice genotypes (G) and four environments (E) showing IPCA1 scores 

at different environments 
 

(First  principal  component  of  the  interaction =IPCA1, Second  principal  component  of  the  interaction =IPCA2, 
1=IR83377-B-B-93-3, 2= IR83376-B-B-130-2, 3= IR83383-B-B-129-4, 4= IR82635-B-B-145-1, 5= IR82635-B-B-75-2, 
6= IR82589-B-B-84-3, 7= IRRI 123, 8= BRRI dhan56 (Ck), 9= BRRI dhan57 (Ck) and 10= BINA dhan7 (Ck); E1= 
Rangpur Sadar, E2= Nilphamari, E3= Lalmonirhat Sadar and E4= Kurigram) 
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So from the experiment, it could be summarized that IR83383-B-B-129-4, IR82635-B-B-75-2, IR82589-B-
B-84-3, IR83377-B-B-93-3 and IR83376-B-B-130-2 were stable genotypes over different environments 
and therefore could be released as variety after proper yield evaluation trials made by National Seed 
Board (NSB) of Bangladesh. These drought tolerant genotypes might be also used in the hybridization 
program to develop new promising drought tolerant breeding lines.  
 

Conclusion 
 
Crop yield is a complex trait that is influenced by a number of component characters along with the 
environment directly or indirectly. If we could develop high yielding stable rice variety for diverse 
environments, we could offer most diverse stable rice varieties for the farmers. AMMI statistical model 
could be a great tool to select the most suitable and stable high yielding rice varieties for specific as well 
as for diverse environments. In the present study, AMMI model has shown that the largest proportion of 
the total variation in grain yield was attributed to different locations. Here most of the genotypes showed 
environment specificity. The mean grain yield value of genotypes averaged over environments indicated 
that highest yield was found for IR82635-B-B-145-1 (4.28 t/ha) and the lowest yield was observed for 
IR83376-B-B-130-2 (3.24 t/ha). It is noted that the genotype IR82635-B-B-145-1 showed higher grain 
yield (4.64 t/ha) than all other varieties over all the environments. The genotypes IR83377-B-B-93-3, 
IR83383-B-B-129-4, IR82635-B-B-75-2, IR82589-B-B-84-3, BRRI dhan56 (Ck) and BINA dhan7 (Ck) 
were hardly affected by the G × E interaction and thus would perform well across a wide range of 
environments. As the potential genotypes IR82635-B-B-75-2 and IR82589-B-B-84-3 has already released 
as varieties for the drought prone regions of Bangladesh, IR82635-B-B-145-1, IR83377-B-B-93-3 and 
IR83383-B-B-129-4 also have the potentialities to combat in the in different drought prone environments. 
So these two genotypes could be released as drought tolerant varieties. Hybridization could be also done 
with these genotypes to generate more stable breeding lines over different environments. 
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