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Introduction 
 

Mungbean [Vigna radiata (L.) Wilczek], 

2n=22 is an important wide spreading 

herbaceous, annual, self-pollinated legume 

pulse crop in India and occupies third 

important pulse crop after Pigeonpea and 

Chickpea. It is grown throughout Asia, 

Australia, West Indies, South and North 

America, Tropical and Subtropical Africa of 

which, India is the largest producer and 

consumer of mungbean accounting for about 

65 per cent of the world’s acreage and 54 per 

cent of the world’s production (Singh and 

Singh, 2011). It is rich in quality proteins, 

minerals and vitamin; often preferred to other 

pulses due to its better digestibility and less 

flatulence problem owing to lower content of 

raffinose, stachyose and verbascose. In India 

pulses are cultivated throughout the year and 

India is the world’s largest producer and 

consumer of pulses occupying an area of 8.32 

million hectare with a total production of 0.87 

million tonnes during kharif season and 0.64 

million tonnes in rabi season 2014-15 and 

thus having productivity of 912 kg/ha 
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Plants generally showed variation in their response to changing environment. Thirty 

mungbean genotypes were tested at six artificial environments in India in the Kharif 

season 2010 to study their yield and micronutrient stability. Pooled analysis of variance 

indicated highly significant differences for genotypes (G), environment (E) and G X E 

interaction. The partitioning of GXE interaction into linear and non-linear components 

indicated that both predictable and unpredictable components shared the interaction. Three 

stability parameters were computed to judge the suitable and superior genotypes. The 

deviation from regression for majority of the genotypes was highly significant revealing 

the unpredictable response of these genotypes and better suitability for sites with better 

environments. On the basis of these parameters, three genotypes ML-1108, SMH-99-2, 

2KM-138, MH-124, PDM-9-249 and ML-759 with higher performance for seed yield and 

iron content and highly significant deviation from linearity may be recommended for 

better environment. 
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(Anonymous, 2015). Genetic diversity and 

variability plays an important role in a 

successful molecular breeding programme and 

genetic variability is essential to meet the 

diversified goals of plant molecular breeding. 

 

Genetic improvement of crop is largely 

depending on the magnitude of genetic 

variability and the extent to which desirable 

traits are heritable. The environment is 

changing day by day and there is urgent need 

to evaluate their performance for more site 

specific managements. Genotypes behave 

differently to both soil and environmental 

factors. The genotype-environment interaction 

is challenging issue for molecular breeders 

and plays major role in developing improved 

stable varieties for dietary improvement. The 

phenotypic and genotypic coefficient of 

cultivars and searching for superior genotypes.  

 

Cultivars of mungbean show variability for 

yield, seed protein along with iron and zinc 

concentrations. Now there is a need to develop 

genotypes that can withstand unpredictable 

transient environmental fluctuation. It 

therefore, makes sense to develop a 

micronutrient breeding programme for 

mungbean. Hence the major objective behind 

this experiment is to select stable genotypes 

for nutritional quality and seed yield. 

 

Materials and Methods 

 

The experimental material comprised of thirty 

elite genotypes developed by different 

research institutes. These varieties were grown 

in six different environments; E1 (Control), 

E2 (Recommended Dose of Fertilizer (RDF) + 

0.5% FeSO4 foliar spray), E3 (RDF + SSP 

(Single Super Phosphate, Ca (H2OP4)2.H2O) = 

contains 16% water soluble P2O5, 12% 

sulphur & 21% calcium)), E4 (RDF + SSP + 

0.5% FeSO4 foliar spray), E5 (RDF + SSP + 

25kg/ha ZnSO4 (direct to soil)) and E6 (RDF + 

SSP + ZnSO4 + 0.5% FeSO4 foliar spray) in a 

randomized complete block design during 

kharif 2010 with 3 replications per 

environment at CCS HAU research farm, 

Hisar. Each plot consisted of two rows of 4m 

length with spacing 30 cm between rows and 

10 cm between plants. Recommended cultural 

practices were followed to grow healthy crop. 

Five randomly selected plants from each 

genotype were tagged for data collection on 

seed yield/plant (g), protein content (%), iron 

content (mg/100g dry weight seed) and zinc 

content (mg/100 g dry weight of seed). 

 

The mean values were used for analysis of 

variance using OPStat software. The effects of 

genotype, environment and genotype x 

environment interactions were estimated 

following the method described by Eberhart 

and Russell (1966). Atomic Absorption 

Spectrophotometer (AAS) analysis was 

implemented for both iron and zinc 

concentration according to the technique of 

Benton –Jones (1989) and was also based on 

nitric/perchloric acid digestion with sample 

read on 2380, Perkin Elmer (USA) at Central 

Laboratory, CCS HAU, Hisar. Readings were 

evaluated against standard curves prepared 

from iron diluted to a concentration of 100 

mg/l and zinc diluted to 50 mg/l. 

 

Results and Discussion 

 

Pooled analysis of variance showed highly 

significant differences among the genotypes 

and environments for yield, iron and zinc 

content (Table 1), indicating the presence of 

genetic variability among the genotypes as 

well as the environments under study. The 

genotype – environment (GxE) interaction 

was further partitioned into linear and non-

linear (pooled deviation) components. The 

GxE (linear) interaction was highly significant 

when tested against pooled deviation, which 

revealed that there are genetic differences 

among genotypes for their regression on the 

environment index. 
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Table.1 Analysis of variance for yield, iron (Fe) and zinc (Zn) in mungbean under six different 

environmental conditions 

 
Source of variation d.f. SYP Fe Zn 

Genotypes (G) 29 79.3
**++

 14.7
**++

 3.1
**

 

Environment (E)  5 54.1
**+

 129.7
**++

 15.2
**++

 

G x E 145 19.9
**

 10.8
**++

 3.1
**

 

Environments + (G x E) 150 21.1
**

 14.8
**++

 3.4
**

 

E (linear) 1 270.2
**++

 648.5
**++

 76.1
**++

 

G (linear) x E 29 24.7
**

 25.9
**++

 4.2
**+

 

Pooled deviation 120 18.1** 6.9** 2.7** 

Pooled error 348 1.5 2.6 0.1 

*, ** = Significant mean square against pooled error at 5% and 1% probability level respectively 

+, ++ = Significant mean square against pooled deviation at 5% and 1% probability level respectively 

 

Table.2 Estimates of stability parameters for seed yield, iron and zinc content in mungbean 

 
S. No Varieties Seed Yield per plant Iron content in seed Zinc content in seed 

Mean bi=1+ 

βi 

S2di Mean bi=1+ βi S2di Mean bi=1+ βi S2di 

1 ML-803 19.6 4.767 50.711** 5.6 -0.35 41.02** 2.9 0.57 0.69** 

2 MH-125 17.239 2.319 14.28** 2.9 0.17 0.90 1.6 1.02 0.35** 

3 ML-5 15.511 1.487 20.38** 3.5 0.96 -0.39 4.8 5.84 49.29** 

4 ML-735 19.183 1.777 36.439** 3.6 0.09 1.61* 2.2 0.07 0.29** 

5 2KM 112 15.072 0.800 28.532** 4.4 1.07 0.35 2.2 1.03 0.46** 

6 ML-1108 14.65 1.661 21.437** 5.1 1.83* 0.23 2.9 3.52 6.52** 

7 MI-3580 16.594 2.935 5.419** 4.1 2.33* 3.22** 1.6 -0.07 0.68** 

8 ML-839 13.994 3.624 10.78** 2.9 0.21* 0.71 1.8 0.01 0.39** 

9 L-24-2 12.744 0.984 25.689** 3.3 0.24 1.86* 2.0 1.59 0.91** 

10 MH-421 13.706 1.149 13.430** 3.4 0.03* 0.79 2.1 0.85 0.22** 

11 2KM-139 14.328 -0.308 7.593** 9.1 4.68** 9.74** 1.7 0.92 0.13* 

12 2KM 135 7.783 -0.581 8.833** 3.8 0.96 -0.63 2.6 2.53 3.67** 

13 SMH-99-2 9.994 -0.537 7.427** 6.3 3.09** 1.21 1.6 1.02 0.32** 

14 2 KM-107 8.95 0.479 5.684** 6.6 0.59 7.01** 2.4 0.06* 0.12* 

15 BG-39 11.2 -0.168 8.530** 7.9 1.08 46.63** 3.9 1.49 2.53** 

16 ML-818 15.178 0.865 8.872** 5.8 -0.23 17.04** 2.2 0.19** 0.08 

17 ML-406 18.978 -2.265 33.579** 2.4 0.27** -0.89 2.2 -0.82 0.33** 

18 2KM-151 14.117 -0.589 11.223** 6.1 0.12 35.42** 1.6 0.26 0.19* 

19 2KM 155 11.372 0.995 9.834** 3.5 0.12 2.95** 3.2 2.56 4.45** 

20 2KM-138 16.139 -2.168 6.136** 3.4 1.65* -0.28 2.1 0.29 0.32 

21 MH3-18 19.267 0.127 10.816** 3.6 0.11** -0.35 2.4 1.58 1.48** 

22 MH-124 16 -0.771 13.296** 4.2 1.7* 0.04 1.5 -0.05* 0.09** 

23 ASHA 16.061 0.898 8.672** 4.4 1.98 3.52** 1.8 0.91 1.09** 

24 MH-215 15.8 -0.939 22.086** 2.9 1.08 0.22 2.1 1.39 0.73** 

25 SMH-99- B 16.094 2.975 23.536** 4.5 0.857 -0.63 2.3 0.46 0.30** 

26 PDM-9-249 18.178 2.502 38.429** 4.4 1.31* -0.81 1.7 0.64 0.01 

27 ML-759 8.756 2.868 10.109** 4.9 2.09* 1.01 2.1 0.47 0.52** 

28 M 395 14.017 2.247 8.444** 2.7 0.06** -0.62 1.9 0.62 0.52** 

29 PMB-14 11.611 0.709 46.251** 3.5 0.73 0.17 1.6 0.16 0.27** 

30 ML-506 24.267 2.159 11.733** 4.2 1.14 2.40** 1.9 0.88 0.29** 

Mean  14.879 1.000  4.4 1.000  2.23 1.000  

S.E (+)  1.90 1.418  1.17 0.563  0.73 1.023  

*Significant at P= 0.05 
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Table.3 Grouping of stable genotypes for iron and zinc content on basis of the three stability 

parameters 

 
 Iron content in seeds of 

mungbean 

Zinc content in seeds of 

mungbean 

Environment 

conditions 

Xi ≥ X 

bi > 1.0 

S
2
di = + 

ML-1108, SMH-99-2, 2KM-138*, 

MH-124*, PDM-9-249,ML-759 (6, 

13, 20*, 22*, 26, 27) 

- Good for favourable 

environment conditions 

Xi ≥ X 

bi = 1.0 

S
2
di = + 

ML-5*, 2KM-112, 2KM-135*, MH-

215*, SMH-99-B (3*,5, 12* 24* 25) 

- Good for all type of 

environments 

Xi ≥ X 

bi < 1.0 

S
2
di = + 

MH-125*, ML-839*, MH-421*, ML-

406*, MH-318*, M-395*, PMB-14* 

(2* 8* 10* 17* 21* 28* 29*) 

ML-818 (16) Good for poor 

environments 

+ = non-significant; * = Xi < X; X = average mean; bi= regression coefficient; ¯S
2
di= mean square deviation from 

the regression 

 

The GxE (linear) was significant for seed 

yield, iron content and zinc content, 

indicating that stability of genotypes could be 

judged on the basis of relative magnitude of 

variance. The genotypes had unpredictable 

performance over the environment for zinc 

content. The observed high magnitude of 

environmental (linear) effect in comparison to 

GxE (linear) for all the characters investigated 

suggested that high magnitude of 

environmental (linear) effect might be 

responsible for high adaptation of these 

genotypes in relation to nutritional quality and 

yield.  

 

An ideal variety is characterized by high or 

desirable mean coupled with linear regression 

coefficient (b) equal or close to unity and 

mean square deviations (S
2
di) equal or close 

to zero (non-significant). The estimates of 

stability parameters of individual genotypes 

(bi and S
2
di) suggested that none had the 

predictable performance for all the characters 

investigated (Table 2). The simultaneous 

consideration of three parameters of stability 

(Table 2) for the individual genotype revealed 

that highest seed yield per plant over the 

grand mean yield was observed for sixteen 

genotypes out of thirty genotypes showing 

highly significant deviation from regression. 

Due to high values of S
2
di, these genotypes 

are expected to give good seed yield under 

favourable environmental conditions 

(Kamnavar et al., 2011). 

 

The genotypes ML-506, MH 3-18, PDM-9-

249 and ML-406 were high yielder (Between 

18.97-24.26g). They had high S
2
di showing 

sensitivity to environmental changes. These 

varieties gave higher seed yield when the 

environmental conditions were conducive. 

 

The better performance of the genotypes for 

iron content (mg/100g dry weight of seed) 

was shown by 2KM-139 (9.1mg) followed by 

BG-39 (7.9 mg) and 2KM-107 (6.6mg) over 

the grand mean with regression values 4.68, 

1.08 and 0.59 respectively. All these varieties 

had high deviation from regression indicating 

sensitivity to environmental changes. 

 

Similarly, for the zinc content genotypes; 

ML-5, BG-39 and 2KM-155 with regression 

values 5.84, 1.49 and 2.56 respectively. And 

highly significant deviations from regression, 

these genotypes are expected to have higher 

zinc content under favourable environmental 

conditions perusing high values of S
2
di 

(Susan-Nichimbi and George, 2010). 

 

The deviation from regression for majority of 

the genotypes was highly significant that 
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revealed the response of these genotypes was 

unpredictable and that they were more 

suitable for sites with better environment. 

Genotypes presented in table 3 with better 

performance for seed yield, iron and zinc 

content, may be recommended for better 

environment and could be potentially utilized 

for developing seed micronutrients enriched 

mungbean cultivars. 
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