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Abstract 
The study of GEI has assumed great importance in genotype 

testing programs because yield performance of a genotype 

is a result of the interaction between the genotype and 

environment. This study cried out with objectives to 

determine the effect of genotype, environment, and GEI on 

agronomic traits and to identify stable genotype for specific 

adaptation. Twenty bread wheat genotypes were evaluated 

by RCBD using three replications at five locations in Guji 

Zone Southern Oromia. Combined analysis of variance 

showed very highly significant differences (P<0.001) 

among environments, genotypes and GEI. The significant 

GEI indicated that performance of the genotypes in 

agronomic trait was not consistent over environments; 

some genotypes performed well at some locations but 

poorly at other locations. The genotype, environment and 

GEI contributed total treatment sum square 10.63%, 

67.06% and 9.62% in PH respectively. This trait was 

determined mainly by the environment. Genotype 

contributed less than 10% to total treatment sum square in 

KPS (5.89%) and SL (5.62%) traits while GEI contributed 

less than 10% in HLW (4.02%) and PH (9.62%) to total 

treatment sum square. Genotype and Environment 

contributed 29.9% and 14.55% to total treatment sum 

square in HLW respectively. Similar proportion was 

contributed by genotype, environment and GEI to total 
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treatment sum square in SkPS which was 29.40%, 32.9% 

and 29.6% respectively. The genotype, environment and 

GEI contributed total treatment sum square 26.35%, 

12.72% and 40.32% in TKW respectively, while Genotype 

(12.03%), Environment (25.31%) and GEI (43.15%) in TPP 

and this trait was mainly determine by Environment. The 

biplot of AMMI revealed clear insight into the specific and 

general adaptation of genotypes across locations. The 

AMMI biplot, which accounted for 88.7 PH, 89.97 PTT, 

92.42 Bm, 86.39 HI, 91.93 KPS, 86.58 SkPS, 80.18 TKW, 

88.7 HLW and 88.16% GY of the GxE interaction, provides 

the interaction principal component scores of the 1st and 

2nd IPCA. High grain yield was obtained from genotype 

Wane (G2) and lowest from Gelama (G13). Alidoro (G12) 

was the tallest genotype and Hawi (G3) was found to be the 

shortest in plant height. The maximum fertile tiller numbers 

were obtained from advanced genotype ETBW8415 (G15) 

and minimum tiller number was obtained from Digelu 

(G14). Dashen (G6) had high number of grain spike-1 and 

Gelama (G13) had low mean number of grains spike-1 over 

locations. Wane had high biomass yield over the location 

and Digelu (G14) had low biomass yield. Maximum harvest 

index was observed for PBW-343 (G20), while minimum 

harvest index noticed for Kubsa (G11).  

 

Introduction 

Bread wheat, a self-pollinating annual plant in the true grass family Gramineae is 

extensively grown as staple food sources in the world [17]. Wheat is an important and 

most widely cultivated food crop in the world and quantity produced is more than that 

of any other crop, feeding about 40% of the world population. This crop played a 

central role in combating hunger and improving the global food security. The grains 

of this plant provide about 20% of all calories and proteins consumed by people on the 

globe [19]. Bread wheat (Triticum aestivum L.) and durum wheat (T. Turgidum spp, 

durum L.) are the two major species of wheat cultivated in Ethiopia. Ethiopia is the 

first largest wheat producer in sub-Saharan Africa and wheat is one of the major crops 

among cereals. The current total area devoted to wheat production in Ethiopia is 

estimated to be over 1.6 million hectare (13% of national cereal acreage); fourth in 
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area coverage and third in amount of grain production (4.2 million tons) following 

maize and teff [6]. 

Superior genotypes must be evaluated on the basis of multi-environment trials (MET) 

and multiple traits to ensure that the selected genotypes have acceptable performance 

in variable environments within the target region. For this reason, MET are conducted 

throughout the world for major crops every year in which multiple traits and 

characteristics are usually recorded [23]. Improvement of agronomic traits has been 

the primary objective of breeders/agronomists for many years under variable 

environments. Breeders have also measured and selected for grain yield and most 

related traits such as kernel weight, plant height, and other related traits [13]. All these 

traits are affected by the growing environment as well as by genetic factors, and 

numerous studies have described the genotype-by-environment (GE) interactions [10]. 

However, evaluation of genotypes across diverse environments and over several years 

is needed in order to identify spatially and temporally stable genotypes that could be 

recommended for release as new cultivars and/or for use in the breeding programs 

[18]. 

GEI refers to different ranking of genotypes across environments and may 

complement the selection process and recommendation of a genotype for a target 

environment [11]. It may also reduce the selection efficiency in different breeding 

programs because in a GEI, measured traits are less predictable and cannot be 

interpreted using main effects (genotype or environment) and need more analysis [12]. 

GEI is also one of the most important reasons for the failure or decreased efficiency 

of breeding efforts to serve small resource poor farmers in different areas [14]. Plant 

breeders perform multi-environment trials (MET) to select favorable genotypes based 

on both mean yield and performance stability and to determine whether a test 

environment is homogeneous should be divided into various mega-environments [11]. 

The main objectives of the present study were to determine the effect of genotype, 

environment, and GEI on agronomic traits and to identify stable genotype for specific 

adaptation. 

 

Materials and Methods 

Twenty genotypes (15 released and 5 advanced lines) of bread wheat genotype were 

evaluated across five locations in 2018 / 2019 main cropping seasons. Description of 

test locations and wheat genotype is provided in Table 1 and Table 2, respectively. 

The field experiment was laid out in RCBD with three replications. The experimental 

field plot was 6 rows of 2.5 m long with a 0.2 m inter-row spacing. Each plot was 

planted at a rate of 125 kg ha-1. The fertilizer application and other crop management 

practices were done as per recommendations of each test locations.  

Table 1: Description of the locations used for the study 
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Table 2: Lists of bread wheat genotypes  included in the study 

S.N. Genotype Geno. 

Code 

Pedigree 

1 Lemu G1 WAXWING*2/HEILO 

2 Wane G2 SOKOLL/EXCALIBUR 

3 Hawi G3 CHIL/PRL 

4 Shorima G4 UTQUE96/3/PYN/BAU//MILAN 

5 Honqolo G5  

6 Dashen G6 VEE #17, KVZ/BUHO"S"//KAL/BB 

7 Hidase G7 YANAC/3/PRL/SARA//TSI/VEE#5/4/CROC-

1/AE.SQUAROSA(224)//OPATTA 

8 Tuse G8 COOK/VEE"S"//DOVE"S"/SERI 

9 Danda’a G9 KIRITATI//2*PBW65/2*SERI.1B 

10 Kakaba G10 KIRITATI//SERI/RAYON 

11 Kubsa G11 ATTILA 

12 Alidoro G12 HK-14-R251 

13 Galama G13 4777(2)//FKN/GB/3/PVN"S" 

14 Digalu G14 SHA7/KAUZ 

15 Ogolcho G15 WORRAKATTA/2*PASTOR 

16 ETBW8407 G16  

17 ETBW8415 G17  

18 ETBW8420 G18  

19 ETBW8369 G19  

20 PBW-343 G20  

 

Data collection 

Data was collected from the following traits; days to heading, days to maturity, grain 

filling period, number of grains per spike, number of spikelet per spike, plant height, 

location Altitude 

(masl) 

Lat/long. Average 

annual 

rainfall (ml) 

Average 

annual 

Tem(oC) 

Soil type 

Bore 2775 5o57'N/38o25'E >1227 15 Nitosols 

AnnaSora 2675 5o52'N/38o29'E 1000 20 OrthicAcrosol 

Adola 1754 5o44'N/38o45'E 665 25 Chromic, orthic 

Liben 1575 5020’N39035’E 655 25 Nitosols 

Lole Farm 2450 330299N370E 702.2 13.5 Silty Clay & Sandy 

Loam 
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number of tiller per plant, spike length, biomass yield, harvest index, TKW, HLW 

and grain yield per plot. 

 

Stastical analysis 

The agronomic traits data for twenty bread wheat genotypes in five environments were 

used to combine analysis of variance (ANOVA) to determine the effects of 

environment, genotype and GEI. Agronomic traits data was subjected to combined 

ANOVA and AMMI analysis. ANOVA was used to partition genotype deviations 

from the grand mean, environment deviations from the grand mean, and GE deviations 

from the grand mean. Subsequently, AMMI analysis was used to partition GE 

deviations into different interaction PC axes. Before combine the data Bartlett’s test 

was used to determine the homogeneity of variances between environments to 

determine the validity of the combined ANOVA on the data and the data collected was 

homogenous. The AMMI analysis was performed using the model suggested by 

Crossa, et al. as [5]: 

𝑌𝑖𝑗 = 𝜇 +  𝐺𝑖 +  𝐸𝑗  + ∑ λnαinyjn

𝑛

𝑛=1

 + 𝑒𝑖𝑗𝑘 

Where 𝑌𝑖𝑗 is the yield of the 𝑖𝑡ℎ genotype in the  𝑗𝑡ℎ environment, μ is the grand 

mean, 𝐺𝑖is the mean of the 𝑖𝑡ℎ genotype minus the grand mean, 𝐸𝑗 is the mean of 

the  𝑗𝑡ℎ environment minus the grand mean, λn is the square root of the Eigen value 

of the principal component analysis (PCA) axis  αin  and  yjn are the principal 

component scores for PCA axis n of the  𝑖𝑡ℎ genotype and 𝑗𝑡ℎ environment and  

𝑒𝑖𝑗𝑘 is the error term. 

 

Result and Discussion 

Combined Analysis of Variance for Agronomic Traits over Locations 

Combined ANOVA depicted highly significant differences among environments and 

among genotypes (Table 3). This indicated that agronomic traits of bread wheat were 

highly influenced by environmental factors. These results were in agreement with the 

works of Aliyi, Gadisa Desalegn and Demelsah, et al. who reported high 

environmental variance for the agronomic traits [3, 1, 12, and 13]. Mohamed and 

Ahmed and Melkamu, et al. reported that bread wheat grain yield was significantly 

affected by environment. It also showed the presence of high genetic variability among 

the tested genotypes and the inconsistency of their performance over the five locations. 

This agrees with finding of Temesgen, et al. who reported that genotype was highly 

significant difference for grain yield [4]. Similarly Melkamu, et al. reported that the 

bread wheat genotypes had a wider genetic variability for the entire traits [21]. The 
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GxE interaction was also highly significant for all traits (Table 3). This result is in 

agreement with the findings of Trakanovas and Ruzagas, and Temasgen, et al. who 

reported that the GEI was highly significant reflecting the differential response of 

genotypes in various environments [3, 4 and 20]. 

 

Table 3: Combined analysis of variance for agronomic traits. 

Trait

s 

           Source of variation 

Env't(4) Rep(evn't)(1

0) 

Genotype(19)  GEI 

(76) 

PCA1(2

2) 

PCA2(2

0) 

Error(19

8)  

Mean

s 

CV

% 

PH 9353*** 142 312*** 71*** 182*** 51*** 30 72.42 6.5

7 

SL 132.34**

* 

62.22 35.44*** 27.20*

** 

92.01**

* 

1.14*** 29 7.02 8.16 

TPP 15.19*** 0.40 1.51*** 1.37*** 3.37*** 0.97*** 0.23 3.32 14.7 

KPS 549.4*** 28.1 932.9*** 203.3
*** 

547.4**

* 

108.1*** 8.6 40.2 7.4 

SkPS 111.91*** 0.94 21.05*** 5.11*** 11.54*** 4.13*** 0.61 15.62 4.9

7 

TKW 522.89*

** 

11.10 228.13*** 87.25*

*  

165.6**

* 

80.3*** 17.30 51.97 6.17 

HLW 163.74**

* 

5.42 70.82***  23.81*

*  

56.29*

** 

18.35*** 3.35 80.3

5 

2.3 

Bm 43.42*** 0.49** 1.62*** 0.41**

* 

1.02*** 0.30*** 0.11 6.96 19.8 

HI 1534*** 212.20* 498.30*** 159.80
*** 

295.4*

** 

199.6**

* 

90.4 34.4

9 

27.

6 

GY 118.04***  0.73  8.04***  1.56**

*  

3.43*** 1.44*** 0.26 2.52  21.1 

***very highly significant, **highly significant and *significant at p<0.001 

 

Where; PH = plant height, SL=spike length, TPP=number of tiller per plant, 

KPS=number of kernel per spike, SkPS=number of spikelet per spike, TKW= 

thousand kernel weight, HLW= hectoliter weight, Bm=biomass yield, HI=harvest 

index, GY= grain yield and CV= coefficient of variation. 

The proportions of sum of squares of different components were determined for the 

agronomic traits of 20 bread wheat genotypes (Table 4). Genotype contributed less 

than 15% for traits such as PH, SL, TPP and Bm to total treatment sum square. The 

genotype, environment and GEI contributed total treatment sum square 10.63%, 
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67.06% and 9.62% in PH respectively. This trait was determined mainly by the 

environment. Genotypes contributed less than 15% to total treatment sum square in 

KPS (5.89%) and SL (5.62%) traits while GEI contributed less than 10% in HLW 

(4.02%) and PH (9.62%) to total treatment sum square. Genotype and Environment 

contributed 29.9% and 14.55% to total treatment sum square in HLW respectively. 

Similar proportion was contributed by genotype, environment and GEI to total 

treatment sum square in SkPS which was 29.40%, 32.9% and 29.6% respectively. The 

genotype, environment and GEI contributed total treatment sum square 26.35%, 

12.72% and 40.32% in TKW respectively and this trait more determined by genetic 

material of genotype, while Genotype (12.03%), Environment (25.31%) and GEI 

(43.15%) in TPP and this trait was mainly determine by Environment. GxE was more 

important in the determination of most agronomic traits, that is, its contribution was 

mostly higher than the contribution of the genetic variability of genotypes. 

 

Table 4: Proportion of total treatments (G+E+GEI) contributed by G, E and GxE 

Interaction and PCA in Agronomic traits. 

Traits Genotype % Environment % GEI % PCA1 % PCA2 % 

PH 10.63 67.06 9.62 74.52 18.98 

SL 7.16 5.62 21.98 97.92 1.14 

TPP 12.03 25.31 43.15 71.36 18.61 

KPS 47.54 5.89 41.44 77.94 13.99 

SkPS 29.39 32.92 29.58 65.32 21.25 

TKW 26.35 12.72 40.32 54.94 24.23 

HLW 29.9 14.55 4.02 68.40 20.28 

Bm 11.80 66.77 11.86 73.02 19.39 

HI 20.12 13.04 25.81 53.51 32.88 

GY 19.10 59.06 14.79 63.80 24.36 

 

Mean comparison in grain yield and yield components 

High grain yield was harvested from genotype (G2) followed by the genotype (G20) 

and (G5). The lowest yield was obtained from the genotype (G13) (Table 4). The 

genotype (G12) had maximum spikelets per spike and minimum number of spikelet 

per spike noticed for (G7) over five locations. Genotype (G6) had high number of 

kernels per spike followed by (G8). Genotype (G11) had the lowest mean number of 

kernels spike-1 over locations (Table4). The studied genotype showed high variability 

in the number of spikelets per spike and number of kernels per spike. This result was 

in agreement with those obtained by Ali et al., (2008) and Zecevicet al., (2010) who 

reported that genotypes showed high variability in number of spikelets per spike and 

number of grains per spike in wheat. 
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 Advanced genotype (G2) had the highest biomass yield over the locations and (G14) 

had the lowest biomass yield. This study showed that biomass yield for most of the 

studied genotypes was greater than its means indicating that genotypes had high 

biomass. With regard to biomass yield about 70% of the genotypes exceeded the 

overall mean (6.96 t ha-1) of the genotypes. This finding is in agreement with that of 

Mollasadeghi et al. (2012) who reported the existence of variability for biomass yield 

among bread wheat genotypes.   

Harvest index exhibited significant difference among genotypes having the range of 

24.51 to 43.05 with a mean value of 34.49. Demelash et al. (2013) reported highly 

significant differences among bread wheat varieties for harvest index which agrees 

with this finding.  

Maximum harvest index was observed for (G20) (43.05), while minimum harvest 

index noticed for (G11) (24.514) (Table 4). In this result the genotype that had highest 

harvest index had high grain yield over locations, while genotype that had the lowest 

harvest index had low the lowest grain yield. The present study result shows that 

harvest index for most of the studied genotypes were greater than 34.49 % indicating 

that genotypes had high harvest Index. 

 

Table 5. Means value of agronomic traits of bread wheat genotypes tested across five 

locations 

SN Genotypes GY TPP KPS SkPS PH SL TKW BM HI HLW 

1 G1 2.72 3.45 47.33 15.97 70.96 7.77 49.18 7.712 33.81 81.83 

2 G2 3.54 3.38 49.07 15.54 73.74 5.92 55.03 8.90 40.01 81.91 

3 G3 1.75 3.11 32.11 15.18 64.11 6.50 52.61 5.59 28.99 79.33 

4 G4 2.98 3.74 41.35 16.40 75.06 7.65 47.89 7.32 41.25 83.55 

5 G5 3.16 3.53 46.93 16.63 70.56 7.13 51.16 7.88 39.15 81.60 

6 G6 2.53 3.42 51.82 16.30 73.49 7.82 46.62 7.09 31.20 79.05 

7 G7 2.97 3.49 42.58 13.52 72.56 6.52 60.33 7.25 38.45 80.61 

8 G8 2.99 3.23 49.43 14.35 75.01 6.49 49.97 7.59 37.77 83.25 

9 G9 2.42 3.40 44.24 15.39 78.63 7.39 53.39 7.20 30.59 77.64 

10 G10 1.77 3.32 35.05 15.84 69.46 11.00 53.37 5.99 28.57 78.04 

11 G11 1.22 3.03 23.61 14.37 67.18 6.55 46.34 4.73 24.51 74.83 

12 G12 2.73 3.71 47.43 18.54 82.00 8.87 59.45 8.39 34.98 79.36 

13 G13 1.12 2.87 27.26 14.25 69.18 6.97 49.68 4.38 24.68 78.64 

14 G14 1.20 2.66 30.98 13.56 73.70 5.70 48.24 4.37 25.75 79.84 

15 G15 3.10 3.53 47.23 16.43 76.41 7.34 48.85 8.49 36.65 81.16 

16 G16 2.48 2.97 39.18 15.65 68.46 7.17 55.22 6.60 34.75 82.35 

17 G17 2.63 3.97 38.93 15.94 64.16 6.38 50.45 7.33 38.10 81.40 
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18 G18 2.80 3.37 46.93 16.40 70.10 7.23 54.83 7.01 36.00 78.57 

19 G19 2.86 2.99 44.49 15.97 72.84 11.80 55.12 7.62 41.18 82.00 

20 G20 3.49 3.30 42.01 16.27 76.83 7.02 51.767 7.80 43.31 82.12 

 Means 2.52 3.32 41.41 15.63 72.42 7.02 52.12 6.96 34.49 80.35 

 LSD% 0.09 0.24 2.68 0.71 4.99 0.64 3.02 0.24 6.91 1.34 

 

Mean of Genotypes for Grain Yield across Five Environments 

The relative performance of genotypes based on the mean grain yield over 

environments is presented in Table6. The first three genotypes with highest mean grain 

yield were (G2), (G20), and (G5) respectively. Genotypes with the lowest mean grain 

yield were (G13) followed by (G14). Means across environments are adequate 

indicators of genotypic performance only in the absence of GxE. If GxE is present, 

means across environments do not tell us how genotypes differ in relative performance 

over environments. 

 

Table 6. Mean grain yield (kg/ha) performance of 20 bread wheat genotypes tested at 

five environments 

  

Genotypes  

Locations   

SN Bore R A.asora R Adola R Liben R L.farm R Means Mean 

Rank 

1 G1 3.39 6 3.47 10 1.05 15 1.07 16 4.64 11 2.72 11 

2 G2 4.51 1 4.15 6 1.63 3 1.17 14 6.25 1 3.54 1 

3 G3 0.33 19 1.96 16 0.80 17 1.32 10 4.35 15 1.75 17 

4 G4 3.69 3 3.63 9 1.16 12 1.23 12 5.17 5 2.98 6 

5 G5 3.51 5 4.35 4 1.19 11 1.43 8 5.31 3 3.16 3 

6 G6 1.49 14 4.25 5 0.95 16 0.67 19 5.29 4 2.53 13 

7 G7 3.05 10 3.44 11 1.41 7 1.75 3 5.17 5 2.97 7 

8 G8 3.19 7 3.96 8 1.33 8 1.56 6 4.91 9 2.99 5 

9 G9 3.08 9 3.12 12 0.60 20 0.64 20 4.64 11 2.42 15 

10 G10 0.56 17 1.92 17 1.08 14 1.19 13 4.09 17 1.77 16 

11 G11 0.21 20 0.56 19 1.11 13 1.11 15 3.13 18 1.22 18 

12 G12 2.83 11 4.11 7 1.24 10 1.25 11 4.21 16 2.73 10 

13 G13 1.13 16 0.56 19 0.65 19 0.80 17 2.44 19 1.12 20 

14 G14 0.47 18 1.79 18 0.71 18 0.73 18 2.31 20 1.20 19 

15 G15 3.52 4 4.53 2 1.45 5 1.36 9 4.61 14 3.10 4 

16 G16 1.63 13 3.09 13 1.45 5 1.59 5 4.64 11 2.48 14 

17 G17 1.72 12 2.20 15 2.00 1 2.05 1 5.16 7 2.63 12 

18 G18 1.39 15 4.37 3 1.25 9 1.53 7 5.45 2 2.80 9 



 
 

Page 74                               JAEED Vol. 22 (1) 2022 ISSN – 2873-8339 

 

Journal of Agricultural and Environmental Science Res. JAESR2022 [2873-8339] Vol.22 

19 G19 3.16 8 3.03 14 1.57 4 1.76 2 4.76 10 2.86 8 

20 G20 4.25 2 4.72 1 1.77 2 1.65 4 5.02 8 3.485 2 

 Means 2.36  3.16  1.22  1.29  4.58  2.52  

 

The ranking of genotypes according to their yield performance indicated that (G2) was 

at the top followed by (G20) and (G5). A significant GxE interaction may be a non-

cross-over type when the ranking of genotypes remains constant across environments 

and the interaction is significant, because of change in magnitude of response of 

genotypes. It is be a cross-over GxE interaction in which case a significant change in 

rank occurs from one environment to another. 

In the present investigation, the interaction is of cross-over type interaction as the 

ranking of genotypes changed at every location. For example, the genotype (G2) 

ranked 1st in environment Bore (#1) and Lole Farm (#5), but it is ranked 14th in Liben 

(#4) and 6th in AnnaSorra (#2) for mean grain yield (Table 6). In general, the ranking 

of genotypes changes from one environment to another and hence the interaction is of 

cross-over type.  

 

AMMI Analysis 

The results of AMM model for yield and yield components are presented in Table 3. 

As it can be seen from the table, the mean square of the two IPCA were highly 

significant (p<0.001). AMMI multiplicative component further partitioned the GE 

interaction into five interaction principal component axes (IPCAs). However, only the 

first two axes showed significant contribution to the GEI in the AMMI model (Table 

3). The remaining three principal components contributed insignificant portion of the 

variation. The AMMI biplot (Table 4), which accounted for 93.5 PH, 99.06 SL, 89.97 

TPP, 91.93 KPS, 86.57 SkPS, 79.17 TKW, 88.68 HLW, 92.41 Bm, 86.39 HI and 88.16 

GY of the GxE interaction, provides the interaction principal component scores of the 

1st and 2nd IPCA with 42 degrees of freedom. 

 

Grain Yield 

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 1). AMMI2 analysis positioned the genotypes in 

different locations, indicating the interaction pattern of the genotypes. The AMMI 

analysis for the IPCA1 captured 63.80% and the IPCA2 explained 24.36% and the two 

IPCs cumulatively captured 88.16% of the sum of square the GEI of bread wheat 

genotypes (Table 4). There is a good variation in the different environments. Bore (#1) 

and AnnaSorra (#2) were the most discriminating environments as indicated by the 

long distance between their marker and the origin (Figure 1). Very closer relationships 
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were observed between Adola (#3) and Liben (#4). Genotypes (G11), (G13), (G18) 

and (G6) are unstable as they were located far apart from the other genotypes in the 

biplot when plotted on the IPCA1 and IPCA2 scores. Genotypes like (G7), (G8) and 

(G12) are located near to the origin of the biplot which implies that they are stable 

genotypes across environments. Most genotypes are positively interacted at Bore (#1). 

This location is highland wheat production area. The genotypes with positive 

interaction with locations Adola (#3) and Liben (#4) are (G14), (G17) and (G11); 

(G18) and (G6) interacted positively with Lole Farm (#5) (Figure 1). 

 
Figure 1: AMMI 2 Biplot of IPCA 1 against IPCA 2 for grain yield (Gy) of 20 bread 

wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 3=Adola, 

4=Liben, 5=Lolefarm). 

 

Plant Height 

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 2). The AMMI analysis for the IPCA1 captured 74.52% 

and the IPCA2 explained 18.99% and the two IPCs cumulatively captured 93.51% of 

the sum of square the GEI of bread wheat genotypes. Genotypes (G12) and (G10), 
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were unstable as they were located far apart from the other genotypes in the biplot 

when plotted on the IPCA1 and IPCA2 scores. The (G16), (G8) and (G13) were 

genotype located near to the origin of the biplot which implies that they are stable 

bread wheat genotypes across environments. Most genotypes were positively 

interacted at Bore (#1) and AnnaSorra (#2). The genotype with highest positive 

interaction with location Adola (#3) and Liben (#4)) were (G19), (G3) and (G11) while 

(G18) and (G7) had low interaction with LoleFarm (#5) (Figure 2). 

 
Figure 2: AMMI 2 Biplot of IPCA 1 against IPCA 2 for plant height (PH) of 20 bread 

wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 3=Adola, 

4=Liben, 5=Lolefarm). 

 

Tiller Number 

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 3). AMMI2 analysis positioned the genotypes in 
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different locations, indicating the interaction pattern of the genotypes. The AMMI 

analysis for the IPCA1 captured 71.36% and the IPCA2 explained 18.61% and the two 

IPCs cumulatively captured 89.97% of the sum of square the GEI of bread wheat 

genotypes. Genotypes (G17) and (G1), were unstable as they were located far apart 

from the other genotypes in the biplot when plotted on the IPCA1 and IPCA2 scores. 

Most genotypes were located near to the origin of the biplot which implies that they 

were stable across environments and most genotypes were positively interactive to 

location Bore (#1) and AnnaSorra (#2) while genotypes (G17), (G11) and (G13) were 

negatively interactive to all locations included in this study (Figure 3). 

 
Figure 3: AMMI 2 Biplot of IPCA 1 against IPCA 2 for tiller number per plant (TPP) 

of 20 bread wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 

3=Adola, 4=Liben, 5=Lolefarm). 

 

Grain per Spike 

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 4). AMMI2 analysis positioned the genotypes in 
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different locations, indicating the interaction pattern of the genotypes. The AMMI 

analysis for the IPCA1 captured 77.94% and the IPCA2 explained 13.99% and the two 

IPCs cumulatively captured 91.93% of the sum of square the GEI of bread wheat 

genotypes. There is a good variation in the different environments. Bore (#1) is the 

most discriminating environment as indicated by the long distance between its marker 

and the origin (Figure 4). Lole Farm (#5) is very least discriminating environment. 

Genotypes (G11), (G10) and (G12) were unstable as they were located far apart from 

the other genotypes in the biplot when plotted on the IPCA1 and IPCA2 scores. 

Genotypes (G20), (G3) and (G5) were located near to the origin of the biplot which 

implies that they were the most stable across environments (Figure 4). 

 

 
Figure 4: AMMI 2 Biplot of IPCA 1 against IPCA 2 for grain per spike of 20 bread 

wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 3=Adola, 

4=Liben, 5=Lolefarm). 
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Biomass Yield 

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 4). AMMI2 analysis positioned the genotypes in 

different locations, indicating the interaction pattern of the genotypes. The AMMI 

analysis for the IPCA1 captured 73.02% and the IPCA2 explained 19.39% and the two 

IPCs cumulatively captured 92.41% of the sum of square the GEI of bread wheat 

genotypes. There is a good variation in the different environments. Genotypes (G2), 

(G11), (G13) and (G14) were unstable as they were located far apart from the other 

genotypes in the biplot when plotted on the IPCA1 and IPCA2 scores. genotypes (G8), 

(G7), (G9) and (G16) were genotype located near to the origin of the biplot which 

implies that they were stable across environments (Table 5). 

 

 
Figure 5: AMMI 2 Biplot of IPCA 1 against IPCA 2 for biomass yield (Bm) of 20 

bread wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 3=Adola, 

4=Liben, 5=Lolefarm). 
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Harvest Index  

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 5). AMMI2 analysis positioned the genotypes in 

different locations, indicating the interaction pattern of the genotypes. The AMMI 

analysis for the IPCA1 captured 53.51% and the IPCA2 explained 32.88% and the two 

IPCs cumulatively captured 86.39% of the sum square of the GEI. There is a good 

variation in the different environments. Bore (#1) and AnnaSorra (#2) were the most 

discriminating environments as indicated by the long distance between their marker 

and the origin (Figure 5). LoleFarm (#5) was least discriminating environments. 

Genotypes (G11), (G13) and (G5) were unstable as they were located far apart from 

the other genotypes in the biplot when plotted on the IPCA1 and IPCA2 scores. The 

(G2), (G16), (G4) and (G14) were genotype located near to the origin of the biplot 

which implies that they were stable genotypes across environments. From this result, 

most genotypes were positively interact at LoleFarm. The genotype with highest 

positive interaction with locations Adola (#3) and Liben (#4) were (G11), (G19) and 

(G17). Genotype (G13) was interacted positively with Bore (#1), while (G5) and (G6) 

had high interaction with AnnaSorra (#2) (Figure 6). 

 
Figure 6: AMMI 2 Biplot of IPCA 1 against IPCA 2 for harvest index (HI) of 20 bread 

wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 3=Adola, 

4=Liben, 5=Lolefarm). 
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Thousand Kernel Weight  

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 6). AMMI2 analysis positioned the genotypes in 

different locations, indicating the interaction pattern of the genotypes. The AMMI 

analysis for the IPCA1 captured 54.94% and the IPCA2 explained 24.23% and the two 

IPCs cumulatively captured 79.17% of the sum square of the GEI. There is a good 

variation in the different environments. Bore (#1), was the most discriminating 

environment as indicated by the long distance between their marker and the origin 

(Figure 6). Very high closer relationships were observed between Adola (#3) and 

Liben (#4). Genotypes (G12) and (G19) were the most unstable genotypes as they 

were located far apart from the other genotypes in the biplot. Genotypes (G18), (14) 

and (G10) were genotype located near to the origin of the biplot which implies that 

they were stable bread wheat genotypes across environments (Figure 7). 

 

 
Figure 7: AMMI 2 Biplot of IPCA 1 against IPCA 2 for thousand kernel weight (TKW) 

of 20 bread wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 

3=Adola, 4=Liben, 5=Lolefarm). 



 
 

Page 82                               JAEED Vol. 22 (1) 2022 ISSN – 2873-8339 

 

Journal of Agricultural and Environmental Science Res. JAESR2022 [2873-8339] Vol.22 

Hectoliter Weight  

The IPCA1 was plotted on x-axis whereas IPCA2 was plotted on y-axis for grain yield 

and yield components (Figure 7). AMMI2 analysis positioned the genotypes in 

different locations, indicating the interaction pattern of the genotypes. The AMMI 

analysis for the IPCA1 captured 68.40% and the IPCA2 explained 20.28% and the two 

IPCs cumulatively captured 88.68% of the sum of square the GEI of bread wheat 

genotypes. There is a good variation in the different environments. Bore (#1) and 

AnnaSorra (#2) were the most discriminating environments as indicated by the long 

distance between their marker and the origin (Figure 7). Very high closer relationships 

were observed between Adola (#3) and Liben (#4). Genotype (G11) was unstable as 

it was located far apart from the other genotypes in the biplot when plotted on the 

IPCA1 and IPCA2 scores. Most genotypes were located near to the origin of the biplot 

which implies that they were stable genotypes across environments where this study 

was conducted at (Figure 8). 

 

 
Figure 8: AMMI 2 Biplot of IPCA 1 against IPCA 2 for hectoliter weight (HLW) of 

20 bread wheat genotypes tested across five locations (1=bore, 2=AnnaSorra, 

3=Adola, 4=Liben, 5=Lolefarm). 
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Conclusion and Recommendation 

Genotype × environmental interaction is an important consideration in plant breeding 

programs as it reduces the progress from selection in any one environment. Crop 

breeders have been striving to develop genotypes with superior grain yield and yield 

components over a wide range of different agro-ecologies. In this study, almost all 

agronomic traits included under this study were shows the significance differences. 

The significant GEI indicated that performance of the genotypes in agronomic was not 

consistent over environments; some genotypes performed well at some locations but 

poorly at other locations. The environment contributed to total treatment sum square 

67.06% in PH, 32% in SkPS, 66.77 in Bm and 59.06% in GY. These traits were highly 

determined by the environment than the genetic materials of genotypes. Most traits 

included in this experimental research are determined mainly by Environment than 

genotype showing that how the environment influencing grain yield and agronomic 

traits of bread wheat. The biplot of AMMI revealed clear insight into the specific and 

general adaptation of genotypes across locations. The AMMI biplot, which accounted 

for 93.50% PH, 99.06% SL, 89.97% TPP, 91.93% KPS, 86.57% SkPS, 79.17% TKW, 

88.68% HLW,  92.41% Bm, 86.39% HI and 88.16% for GY of the GxE interaction, 

provides the interaction principal component scores of the 1st and 2nd IPCA. Generally, 

since the grain yield and other agronomic traits of bread wheat are highly influenced 

by environments differently across locations, there is the need to bring the correct 

genotypes to its adaptation areas to increase production and productivity of bread 

wheat genotypes. 
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