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ABSTRACT. Chickpea (Cicer arietinum L.) is generally grown-up 

underneath rainfed conditions inside the Barind space in 

Bangladesh, any place drought spell is that the principle production 

constraint. Genotype × Environment Interaction (GEI) was 

acclimated with making estimation of the grain yield and to get a 

handle on the G × E connection designs by analyzing the differential 

positioning of choice yields in multi-condition trials. Twelve 

chickpea genotypes were conveyed in a randomized block design 

with three replications in six conditions. The solidness of the 

evaluated genotypes utilizing three kinds of factual thoughts 

(variance and regression analyses), AMMI investigation and GGE 

biplot models were applied to get a reasonable comprehension of the 

connection and covering among the pre-owned soundness insights. 

The partition of the full aggregate of squares demonstrated that the 

mood result was a genuine gracefully of variation (64.84%) trailed 

by GE relations (24.88%) and germplasm result (10.29%). The 

genotype by environment collaboration biplot clear that genotype 

G4 is that the perfect genotype, though genotypes G6 and G8 were 

closest to the best genotype (the focal point of concentric circles); in 

this way, these genotypes square measure extra intriguing and 

perfect genotypes than various tested genotypes. Investigated 

condition ISD demonstrated reasonable segregating capacity and 
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representativeness, making it the foremost perfect condition 

followed by GAZ. AMMI Stability Value (ASV) separated 

genotypes G2 (BCX 09010-9), G3 (BCX 09010-2) and G8 (BCX 

01008-4) the steady accessions, respectively. GGE biplot 

investigation, AMMI and Eberhart and Russell model unconcealed 

that the GGE biplot examination results conjointly bolstered those 

got utilizing AMMI and various boundaries and ensure that G2 

(BCX 09010-9) and G8 (BCX 01008-4) were the preeminent stable 

genotypes. G4 and G6 were conjointly high yielding, anyway 

incongruent and in this way should be suggested for affirmation and 

promising line for adjustment in specific environments. GGE biplot 

analysis, AMMI and Eberhart and Russell model unconcealed that 

the GGE biplot analysis result conjointly supported those obtained 

using AMMI and different parameters and make sure that G2 (BCX 

09010-9) and G8 (BCX 01008-4) were the preeminent stable 

genotypes. G4 and G6 were conjointly high yielding, however 

incompatible and therefore ought to be recommended for 

confirmation and promising line for adaptation in specific 

environments.  

Keywords: AMMI; GGE Biplot Model; Stability parameters; Chickpea  

INTRODUCTION 

Chickpea (Cicer arietinum L.) is is that the best leguminous crop among the legume crop grown in 

Bangladesh and expanding soil richness level by rhizobium. The potentials yield of high yielding selection inside 

the investigation field is over the rancher's field. This yield gap between accomplished yield and expected yield of 

chickpea in the Asian country may reasonably result in the lack of high yielding assortments (early maturing, 

organic phenomenon and abiotic stress-lenient and high yielder genotypes), infertility soil and genotype x 

environment communication. The conditions 'solidness' or ' adaptability' alludes to the consistent elite of germplasm 

across totally various arrangements of environments. To recognize the extra steady and most yielding germplasm, it 

is imperative to perform multi-condition trials. Germplasm tried in a few areas or years has crucial variances in 

yield on account of the answer of genotypes to natural choices like soil ripeness or the nearness of natural wonder 

and abiotic ecological burdens. These changes zone units routinely noted as Genotype x Environment Interaction 

(GEI). In doing this, there are two unit possible ways for creating genotypes with low G × E interactions: 1. the 

degree of the association will remain high because of the rearing space doesn't downsize the connection of 

genotypes with the circumstance on years. 2. The second and the larger part reasonable set up for decay G × E 

connection includes choosing genotypes with improved soundness over a wide to differ of situations to ask higher 

anticipate their exhibition. G × E investigation is critical to discover high yielding assortments and their adjustment 

to and solidness in differed agro-ecologies. Different presentations of chickpea underneath different ecological 

conditions of issues decline yield solidness. In productivity inside the G × E examination of fluctuation may end in 

an off-base selection of genotypes for yield. There zone unit a few models for directing G × E whose significance 

relies upon the experimental data, the number of conditions and the exactness of gathered data and ecological 

information. During this investigation, we tend to utilize the AMMI model in yield soundness examination as its 

unwavering quality as of late looked into by numerous researchers. The AMMI and GGE biplot models territory 

unit delineated as amazing gear for financial investigation and comment of multi-condition association in breeding 

programs. The AMMI and GGE biplot has been utilized to disclose GE cooperation and to turn out to be high 

yielding and wide capacity cultivars. These two applied arithmetic investigations (AMMI and GGE) have more 

extensive connectedness for agricultural specialists because they relate to any two-way data grids, and such data rise 

out of a few styles of trials. 
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Among the variable ways, the Additive Main impacts and Multiplicative Interaction (AMMI) examination 

is widely utilized for the GEI examination. The AMMI model consolidates multivariate investigation for the 

genotype and air main impacts with chief parts examination to explore the leftover expanding collaboration among 

genotypes and environments to work out the aggregate of squares of GEI, with a minimum variety of degrees of 

freedom. This strategy catches an enormous segment of the GEI aggregate of squares; it isolates significant and 

interaction effects and repeatedly provides a purposeful interpretation of knowledge. The level of multifaceted 

nature of AMMI appraisal model is subject to edit species, genotypes decent variety and the change of ecological 

situation. GGE biplot was asked because the most appropriate investigation to survey the genotypes underneath 

unique point conditions. It's been accounted that the genotype primary outcome (G) should be consolidated with 

germplasm into air communication (GEI) for estimation of genotypes underneath various conditions by GGE biplot 

investigation (Yan and Kang 2003; Yan and Holland 2010). Situations region unit assessed for segregation (capacity 

to separate between genotypes), representativeness (capacity to speak to the objective district) and attractive quality 

list. GGE biplot is also utilized for the investigation of genotypes for normal execution and security. The term GGE 

features the nice that G and GE region unit the two wellsprings of variety that territory unit related with genotype 

gauge and ought to be estimated simultaneously for suitable genotype and check climate investigation. GGE biplot 

examination has incorporated up with a total investigation framework whereby additional inquiries which will be 

asked of a genotype by the earth are appearing by numerous researchers. The GGE model demonstrated that the 

genotype fundamental outcome (G) and the GE collaboration, which will be that the asset of variety of the area 

relapse (SREG) model. The GGE biplot has been utilized to spot generally yielding and uniquely crafted genotypes 

by a few specialists. Subsequently, the destinations of this investigation were to assess the nature and greatness of G 

× E for seed yield and to identify high yielder stable genotypes in various environments. 

MATERIALS AND METHODS 

Description of the test environments 

Field tests were done in six situations; in Rajshahi, Jamalpur, Ishurdi, Madaripur, Barishal and Jashore 

during 2014 rabi editing seasons. The total agro-natural components of the environments are introduced in Table 1 

and Figure 1. 

 

Genetic materials 

The experiments were led to discover the yield execution of 11 propelled lines and one commercial variety 

of chickpea (Table 2), which were started from International Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT) and one chickpea assortment BARI Chola-9 (released from Bangladesh Agricultural Research Institute 

for low dampness stress zones of Bangladesh) as a widespread check, changed by the dry marsh regions of 

Bangladesh. 

 

Trial design and management 

The experiments spread out a RCB structure with three replications in every area and a year. The trial plot 

region was eight lines of 4m long with inter-row separating of 0.4 m and 0.10 m between plants. Contingent upon 

climate, the genotypes were planted in the principal seven day stretch of November as winter season. The land 

arrangement was finished by furrowing and cross furrowing with nation furrow followed by laddering. The land 

was fertilized with 20-40-20-10 N-P-K-S kg ha
-1 

(BARC, 2012) as urea, triple superphosphate, muriate of potash 

and gypsum, individually at the hour of definite land preparation. After seed planting watering was given for 

guaranteeing seed germination. Mulching was done and soil coverings were broken. At the development stage, best 

individual lines were chosen dependent on infection response, creepy-crawly weakness and better return. Seed yield 

was recorded from the entire plot and changed over into kgha-1, other yields contributing information were 

recorded from ten haphazardly chose plants. Agronomic management practices were applied following the 

recommended practices. 
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Analysis of Variance (ANOVA) 

Analysis of variances (ANOVA) was spread out with GEA-R (Genotype by Environment Analysis with R) 

and Genstat15th version. Recorded information utilized for seed yield was pooled to play out the examination of 

change across conditions. The least significant distinction was utilized to pick the centrality of contrasts among the 

genotype implies for yield. The treatment was separated into three components: G, E and G × E collaboration in the 

accompanying condition (Ding et al., 2007), Yijr = μ +αi +β j +αβij + bj +ε ijr (1) where yijr, is the average value of 

the dependent variable of genotype i in condition j and block r, μ is an amazing mean, αi is the impact of the ith 

genotype. βj, is the result of the j
th

 condition, αβij is the impact of the i
th

 genotype by the j
th

 feel, bj is the block 

impact at the j
th

 conditions and ijrε , is the rest of the blunder term. 

AMMI method 

Additive Main Effects and Multiplicative Interaction (AMMI) model was performed for the mean 

information of seed yield (kgha
-1

) from every area utilizing GEA-R (Genotype by Environment Analysis with R). 

The model AMMI condition is:  

yger= μ+δg+βe+∑λnγgn δen+Pge+εger 

Where yger is the yield of genotype (G) in condition (E) for imitate (r), μ is the absolute yield mean, δg is 

the principle impact of genotype or the genotype (G) mean deviation (genotype mean short all-out yield mean), βe is 

the main impact of condition or nature (E) mean deviation, λn is the particular incentive for IPCA hub (N is the 

quantity of remain PCA hub in AMMI model: γgn is the genotype (G) eigenvector esteem for IPCA pivot N, δen is 

the earth (E) eigenvector esteem for IPCA hub N, Pge is the residual or clamor and εger is the error (if the test has 

reiteration). It ought to be referenced that Eigen Values and are without unit. However, the single value of has an 

exhibition unit. 

GGE method 

SEM Genotype by atmosphere interaction examination was performed by GGE biplot that utilizes 

particular worth disintegration (SVD) to division GGE into two or a lot of chief components. Every principal part 

contained a gathering of genotype scores expanded by a gathering of feeling scores, to give a two-dimensional 

biplot. In GGE biplots, genotype in addition to genotype × condition (G + G x E) association was concentrated 

together and to achieve this G + GE impact is isolated out from the learned mean from Equation (1) (by discarding 

arbitrary mistake and block impact) and in the end, the model becomes as ij j I ij Y-μ-β=α+αβ (2). The GGE (G + G 

x E) result was spoiled into augmentative terms utilizing SVD. The model dependent on particular worth 

deterioration (SVD) of the initial two head segments is:  

Yij-μ-βj=λ1ξi1ηj1+λ2ξi2ηj2+εij 

Where Yij is estimated mean of genotype I (=1,2,....,n) in condition j (=1,2...,m), μ is the total mean, βj is 

the main impact of condition j, μ + βj being the mean yield overall genotypes in condition j, λ1 and λ2 are the 

singular values (SV) for the first and second principal component (PC1 and PC2), individually, ξi1 and ξi2 are 

eigenvectors of genotype I for PC1 and PC2, separately, ŋ1j and ŋ2j are eigenvectors of condition j for PC1 and 

PC2, individually, εij is the leftover related with genotype I in condition j. A detailed calculation and analyses were 

performed by GEA-R (Genotype by Environment Analysis with R) for AMMI model and Genstat15th version for 

GGE model. 

Situations Code Rainfall 

(mm)  

Temperature 

 (°C) 

Longitude Latitude Altitude 

(m) 

Soil type 

Rajshahi RAJ 
(1) 

22 6.12-28.8 88°.42ʹ 24°.480ʹ 40 Clayey loamy 

Gazipur GAZ 

(2) 

00 9.12-33.23 89°.95ʹ 24°.925ʹ 23 Sandy loamy 

Ishurdi ISD 
(3) 

00 10.33-19.35 89°.12ʹ 24°.071ʹ 19 Clayey loamy 
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Madaripur MAD 

(4) 

00 6.02-32.8 90°.19ʹ 23°.239ʹ 9 Silty loam and silty Clayey 

loamy 

Barishal BAR 
(5) 

00 10.32-29.02 90°.32ʹ 22°.816ʹ 7 Silty clay 

Jashore JAS 

(6) 

00 8.79-22.07 89°.18ʹ 23°.177ʹ 14 Clayey loamy 

 

Table 1. Situations utilized in the examination and their main attributes. 

Genotype names Genotype Code Origen Genotype names Genotype Code Origen 

ICCV 93954 G1 ICRISAT BCX 01008-3 G9 PRC, BARI 

BCX 09010-9 G2 PRC, BARI ICCV 07105 G10 ICRISAT 

BCX 09010-2 G3 PRC, BARI ICCV 060157-3 G11 ICRISAT 

ICCV 07102 G4 ICRISAT BARI Chola-9 G12 PRC, BARI 

ICCV 12115 G5 ICRISAT    

ICCV 12110 G6 ICRISAT    

BCX 01008-8 G7 PRC, BARI    

BCX 01008-4 G8 PRC, BARI    

 

Table 2. Name, origin and code of chickpea genotypes tried in six conditions. 

RESULTS AND DISCUSSION 

Analysis of variance and AMMI analysis 

The consolidated AMMI model ANOVA of the eleven chickpea genotypes and check variety more than 

six conditions for grain yield (kg/ha) is introduced in Table 3. The ANOVA demonstrated highly critical contrasts 

(p<0.001) for treatments (conditions, genotypes and G x E). The dividing of SS showed that condition impact was a 

dominating source of variation followed by GE and genotype effect. More than 60% of the all-out aggregate of 

square clarified by condition, though, just 10.29% of variation ascribed to genotypes and 24.88% of that variation 

clarified through GE interaction. In genotype variation, E clarifies the vast majority of the variation, when the 

variation of G and G × E are typically smaller (Yan and Hunt, 2002). These outcomes were likewise affirmed by 

numerous researchers [1-10]. Aftereffects of this examination additionally indicated that the first principal 

component of interaction (the first segment of AMMI) represented around 53.34% and second principal component 

represented about 33.25% of the GEI total of squares, and aggregately both AMMI1 and 2 clarified roughly 86% of 

the all-out the connection of GE. Primary assessments indicated that all evaluated principal segments are 

noteworthy at the 0.1% level. Meanwhile residual (noise) included about 24.87% of GE aggregate of the square. In 

this investigation, the best-evaluated model has acquired through two IPC1 and IPC2 parts. Albeit a few creators 

propose the utilization of four principle segments as the need to appraise the AMMI model; in any case, an audit of 

the literary works recommends that elements, such as the type of crop plant, germplasm diversity, and range of 

environmental conditions are viable on the level of intricacy of the assessed model. 

SOV. DF         SS MS         F % SS explained 

Conditions (E) 5 13996605 2799321 64654.98*** 64.84 

Genotypes (G) 11 2220104 201827.7 4661.55*** 10.29 

Interaction (G×E) 55 5369796 97632.65 2254.99*** 24.88 

IPCA1 15 2864475 190965 4420.43*** 53.34 

IPCA2 13 1785700 137361.5 3179.63*** 33.25 

IPCA3 11 409958.20 37268.93 862.7*** 7.64 

Residuals 144 6234.67 43.30 621.61***  

Error 132 5660 43   

Total 215 21592740 100431   

S.O.V. = Source of Variation; DF = Degrees of Freedom; SS = Sum of Square; MS = Mean Square; *** = Significant at 0.1% probability 

level. 

 

Table 3. ANOVA for AMMI examination of genotype by condition interaction on yield of chickpea. 
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The average yield of each environment and germplasm are presented in Table 4. Mean seed yield of 

chickpea genotypes extended between 1253 kg ha
-1

 for G4 and 923 kg ha
-1

 for G11, while condition yield went from 

745 kg ha-1 (E4) to 1472 kg ha-1 for (E6). Based on Eberhart and Russell (1966) and Finlay & Wilkinson (1963), a 

consistent genotype is bound together with a high mean, a backslide coefficient of solidarity (bi=1), and a base 

deviation from the regression coefficient (S²di)=0 or near these estimations of non-noteworthy deviation. 

Appropriately, this examination allows the unmistakable confirmation of stable genotype for quality traits across 

environments and of genotypes that are generally receptive to the positive or troublesome condition. In the current 

examination, Genotypes G9, G3, G6, G2 and G8 had higher mean yield, unit relapse coefficient (bi=1) and non-

essential S²di (Table 4). Along these lines, they were viewed as consistent, high yielding genotypes that can be 

changed by all the environments. The linear regression model doesn't fundamentally look at the relationship of 

genotypes in unequivocal conditions and doesn't help with recognizing promising genotypes that should be 

suggested in a particular environment. 

Genotype Mean (kg/ha) PC1 PC2 Stability 

bi S²di 

G1 1014 0.029 -0.581 0.82 27308.58 

G2 1098 -0.055 -0.010 0.96 1683.19 

G3 1116 -0.314 0.541 1.08 35540.55 

G4 1253 -0.370 0.540 1.24 39236.80 

G5 1050 -0.085 -0.280 1.16 12702.65 

G6 1235 -0.473 -0.426 1.06 42556.21 

G7 953 0.219 0.375 0.89 24657.91 

G8 1128 -0.455 -0.097 0.88 38102.47 

G9 1034 0.314 0.509 1.02 35345.79 

G10 961 0.501 -0.139 0.88 30602.73 

G11 923 1.000 -0.146 0.77 107313.69 

G12 1136 -0.310 -0.288 1.09 22144.82 

Mean 1075     

 

Table 4. Mean execution, PC1, PC2 scores and stability for grain yield. 

 

Figure 1. Experimental sites and land suitability of chickpea in Bangladesh. 

In Figure 2, the level blue line demonstrated the cooperation score of zero and the vertical blue line showed 

the total mean yield. X-arrange implies the principal effects and the y-arrange brings up the impacts of the 

cooperation (IPCA1). In the biplot, six chickpea genotypes (G2, G3, G4, G6, G8 and G12) and three conditions (E1, 



Stability Investigation and Genotype × Environment Association in Chickpea Genotypes Utilizing AMMI And GGE Biplot 

Model 

Genetics and Molecular Research 19 (3): gmr16039980 

E3, and E6) situated on the correct side of the blue vertical line (Figure 2). These were measured as high yielding 

entries and situations. Worth closer to the starting point of the hub (IPCA1) give a little contribution to the 

association than those that are further away.  In like manner, the AMMI1graph shows that G1 and G2 genotypes 

stood apart with the most minimal IPCA1 scores (Figure 2). This shows these were least associated with the 

interaction and are along these lines the steadiest [11-20]. Be that as it may, just the yield of G2 genotypes was 

better than expected. Then again, the genotypes G11, G10 and G6 were the most unstable, G6 are the most 

noteworthy yield. A portion of the conditions stood apart with a little contribution to the association (E2); with a 

moderate commitment (E1 and E5); and with a high contribution (E3, E4 and E6) (Figure 2). The best genotype 

should consolidate high returns and stable execution over a scope of creation conditions. Among the six high 

yielding genotypes G2, G3, G4, G6, G8 and G12; G2 and G3 genotypes can be best assessed dependent on 

solidness and grain yield with joined low supreme PC1 score and high return (Figure 2). 

 

Figure 2. Plot of genotype and condition IPCA 1 scores versus phenomenal techniques for yield. G1 – G12 with blue 

concealing address genotypes while circumstances are addressed by red concealing. The nuances of the genotypes and 

circumstances are presented in Tables 1 and 2. 

AMMI 2 biplot presents the example of the initial two IPCA of the interaction impacts and helps in the 

visual translation of the G x E association designs and recognizes genotypes or situations that show little and huge 

collaboration impacts. In AMMI 2 biplot, situations fell into three segments (Figure 3). Among the conditions, GAZ 

had extremely short-spoken and JAS and MAD had short spokes. They don't apply solid association yet the 

situations BAR, RAJ and ISD had long spokes and subsequently show the most affecting conditions. In AMMI 2 

biplot, the genotypes, G9, G4, G6, G1 and G11 are the best or least fortunate genotypes in a few or all situations 

since they are farthest from the source through the best genotype is G11 concerning the best-improving condition 

JAS and MAD and poor people genotype is G9 because of its incentive underneath normal worth. Then again, the 

genotypes G2, G5 and G12 were near the origin and in this way were less/ non-sensitive to ecological connection. 

Be that as it may, genotype G5 was low yielding due to underneath grain yield (Figure 3). Consequently, entries G2 

and G12 were the most noteworthy yielding and stable because of near the origin. Comparative outcomes were 

accounted. 
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Figure 3. Plot of IPCA1 (Factor 1) versus IPCA2 (Factor 1) scores. G1–G12 with blue shading represents genotypes 

while conditions are spoken to by red shading. The subtleties of the genotypes and environments are introduced in tables 1 and 2. 

GGE biplot model 

Winning Genotype and Mega-conditions:  Representation of the which-won-where example of MET information 

is significant for considering the conceivable presence of various mega conditions is introduced in Figure 4. The 

polygon of lines in Figure 4 is made by associating vertex genotypes, by interfacing straight lines and the remainder 

of genotypes fall inside the polygon. The vertex genotypes in this examination were G4, G9, G11, G1 and G6 

(Figure 4). These genotypes are either the best or least fortunate genotypes in a few or all conditions since they are 

farthest from the beginning. In the current examination, the GGE biplot investigation of the twelve chickpea 

genotypes assessed at six conditions uncovered that the initial two principal components clarified 86.44% of the 

absolute fluctuation (Figure 4). Genotypes near the source are sensitive to environments and those distant from the 

starting point are delicate to situations and have huge connections. As needs be, factually steady genotypes and 

areas were situated close to the biplot origin, with scores zero for the two interaction pivot (IPCA1 and IPCA2). 

Distinguishing proof of super conditions (Figure 4) was additionally considered and significant data on which won 

where was uncovered in the outcomes found.  

The super condition recognizable proof included a circumstance whereby at least one situation with comparable 

qualities was assembled into one enormous condition. Characterized super conditions as a gathering of areas or 

situations that continually share a similar best variety. This permits the reproducer to have a particular and 

legitimate clarification to suggest the promising genotypes which are useful for that particular condition [20-24]. 

Which-won-where identified the best winner genotypes for the mega environment. That implies the germplasm can 

be assessed in those little mega-environments and fixed prevalent yield information result can be accomplished. 

Because of biplot investigation three super conditions are recommended in Figure 4. The first mega-environment 

contains ISD and BAR conditions, with genotype G4 being the winner; the second mega-environment contains 

situations MAD and JAS, with genotype G11 being the victor. The earth of GAZ and RAJ makes up another super 

condition, with G6 the victor. The GGE biplot gives data that is basic and the breeder can get choices effectively 

and finale explicit relationships among situations and genotypes. The investigation results offered a superior 

comprehension of how one-sided a reproducer can be if there is G × E and neglects to do assist G × E biplot 

examination. The GGE has a great deal of data that approves an appropriate environment for assessing and 

reasonable genotypes for identification and suggestion; there was a powerful assessment of conditions and 
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genotypes dependent on the mean execution and strength across situations which is significant required data for a 

breeder. 

 

Figure 4. Polygon perspectives on the GGE biplot dependent on balanced scaling for the which-won-

where example of genotypes and situations. 

The relationship among test situations:  The vector perspective on a GGE biplot gave an outline of the between 

connection among the conditions. Moreover, the length of a environmental vector is an estimation of the separating 

intensity of the environment. The associations between the ambiances were introduced in Figure 5. Likewise, the 

aftereffects of the current investigation uncovered that the main principal part (PC1) and the second (PC2) 

individually explained 43.72% and 18.24% of the fluctuation (Figure 5). The two principal segment axis (PC1 and 

PC2) together explained 86.44% of the all-out variance. So this biplot can be utilized for extricating 

interrelationships among the situations. 

A long ecological vector speaks to a high ability to victimize the genotypes. With the longest vectors from the 

origin, condition ISD was the most separating of the genotypes, while MAD and BAR were decently segregating. 

Be that as it may, with the most limited vector from the starting point, JAS gave practically zero data about the 

genotype contrasts. Moreover, the vector perspective on the GGE-biplot gives a short synopsis of the 

interrelationships among the conditions. Two situations are decidedly associated if the edge between their vectors is 

<90°, negatively corresponded if the edge is >90°, independent if the point is 90° [25-30]. Because of this, BAR, 

ISD, GAZ and RAJ situations were emphatically associated because the entireties of the points among their vectors 

were smaller than 90°. In any case, the edge between vectors of entries MAD and GAZ and MAD and RAJ, were 

more prominent than 90°, which implies contrarily corresponded with one another (Figure 5). 
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Figure 5. GGE biplot chart indicating connections among the conditions. 

Assessment of environments dependent on the perfect environment 

The Average Environment Coordinate (AEC) is a line that goes through the average condition (spoke to by 

a little circle) and biplot source. A test environment that has a little point with the AEC is increasingly illustrative of 

other test situations [31-34]. Along these lines, genotype assessment in the ISD condition amplified the watched 

genotypic variety among genotypes for grain yield of the tried chickpea genotypes (Figure 6). GAZ and RAJ 

situations were near the perfect environment (ISD), separately and these environments have been recognized as 

desirable situations. This contrast between situations can be related to soil fertility, atmosphere changes and other 

natural variations from year to year. In concurrence with this discovering reported the presence of a good testing 

condition for high yielding variety.  

 

Figure 6. GGE biplot chart dependent on environment centered scaling for correlation the situations with the perfect 

condition. 
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Assessment of genotypes dependent on the perfect genotype 

A perfect genotype is characterized as probably the best yield over the test situations and is unquestionably 

steady in performance. In the genotype-centered the GGE biplot investigations, concentric circles are attracted to 

help picture the separation between every genotype and the perfect genotype [35-40]. A perfect genotype is situated 

in the main concentric hover of GGE biplot realistic and the genotypes that are near the perfect genotype are 

characterized as the ideal genotypes. In light of these, set close to the primary concentric circle, genotype G4 was 

nearer to the perfect genotype position and it very well may be utilized as a kind of perspective for genotype 

assessment (Figure 7). G6, G8 and G3, which were near G4, were the more attractive genotypes than other chickpea 

genotypes. Regardless of this, G11 and G10 genotypes were more undesirable than other chickpea genotypes and 

they were adjusted to explicit situations. Two genotypes (G2 and G5) were situated close the biplot birthplace and 

they were less delicate to the ecological change. Therefore, these genotypes are more wanted and perfect genotypes 

than different tested genotypes. In accordance with this discovering found the nearness of perfect genotype. 

 

Figure 7. GGE-biplot showing a comparison of all genotypes with in ideal genotypes. 

Yield performance and Stability of the Genotypes 

The GGE Biplot investigation realistic of the twelve genotypes in six conditions is shown in Figure 8. Yan 

et al., (2000) expressed that in the realistic examination, the main principal segment (PC1) presents genotypes 

efficiency and the second principal segment (PC2) was identified with genotypic stability or instability. The mean 

yield execution and security of genotypes were assessed by an Average Environment Coordination (AEC) 

technique. Along these lines, given the realistic understanding, the genotypes with the most elevated PC1 values 

were G4, G6, G8 and G12 with the best return and G11 had the least fortunate mean yield. Mean yields of the 

genotypes were in the accompanying request: G4 > G6 > G8 > G3 > G12 > G2. Regarding the all-out condition, the 

steadiness and high return ought to be viewed as together when making the choice. Since G2, G8, G12 and G3 

genotypes were nearest to focus regarding PC2, these genotypes were progressively steady with better than expected 

yield. Genotype G1 distinguished as the most factor genotype. In this manner, G2 and G8 were progressively steady 

just as high yielding. Yield exhibitions acquired from mean yield and dependability thoughts. Plant breeders find 

germplasm that brings up yield security just as high stability as well as high yield among the environments [41-47]. 
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Figure 8. Average Condition Coordination (AEC) viewpoints on the GGE biplot subject to condition focused scaling 

for the means performance and stability of genotypes. 

CONCLUSION  

AMMI model has indicated that the most significant extent of the full variety in grain yield was attributed 

to environments. The aftereffects of the AMMI examination demonstrated that the initial two IPCA's were highly 

significant. The dividing of the full total of squares demonstrated that the impact of the location was an 

overwhelming source of variation (64.84%) trailed by GE interaction (24.88%) and genotype sway (10.29%). The 

GE cooperation was multiple occasions higher than that of the genotype impact, proposing the conceivable presence 

of various natural gatherings. The Genotype plus genotype by environment Interaction biplot uncovered that 

genotype G4 is the perfect genotype, though genotypes G6 and G8 were closest to the perfect genotype (the focal 

point of concentric circles) so these genotypes are more attractive and perfect genotypes than other tried genotypes. 

Test environment ISD indicated great segregating capacity and representativeness, making it the best condition 

followed by GAZ. AMMI stability value (ASV) segregated genotypes G2, G3, and G8 as the stable accessions, 

separately. GGE biplot examination, AMMI and Eberhart and Russell model uncovered that the GGE biplot 

investigation result additionally bolstered those got utilizing AMMI and other parameters and confirm that (G2 and 

G8 were the most stable genotypes. In this manner, they ought to be suggested for releasing with wider 

environmental adaptability. G4 and G6 were additionally high yielding, however, conflicting and consequently 

ought to be suggested for check and possible release for adaptation in specific environments. 
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