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Abstract

ProtiC, R., G. TodoroviC, N. ProtiC, R. DJorDJeviC, D. ViCentijeviC, D. DeliC, M. Kopanja 
and R. Prodanovic, 2013. Effect of genotype x environment interaction on grain yield of winter wheat 
varieties. Bulg. J. Agric. Sci., 19: 697-700

In the period from 2002 to 2005, grain yield of fifteen wheat varieties grown in Serbia was studied in seven locations. At a 
triennial cross section, the proportion of genotypic variance was 51.56 %, and genotypic variance x environment 26.34 %. The 
genotype “cip“ had the highest grain yield in ZA, SO, SM, and CA environments, while the genotype “dra“ had the highest 
grain yield in PA and KI environments. Other corner genotypes, such as “zit“, “tek“, “viz“ and “min“  did not have high grain 
yields in any tested environment. The average grain yield distribution in the examined environments was as follows: SO>SM 
>CA >ZA >PA > KG > KI
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Introduction

The use of genotype main effect (G) plus genotype by en-
vironment (GE) interaction (G+GE) biplot analysis by plant 
breeders and other agricultural researchers has increased 
during the past year for analysing multi-environment trial 
(MET) data (Weikai et al., 2007).

Crop physiology and management studies often describe 
and quantify the changes plant breeders and geneticists have 
delivered in new germplasm but rarely address the specific 
changes needed to advance crop establishment, yield poten-
tial, or other agronomic goals (Snape, 2001). Extreme envi-
ronmental conditions will always pose limitations for crop 
establishment, but continued progress in germplasm screen-
ing protocols and crop management research should lead to 
new varieties with a tailored set of agronomic practices for 
given environments and cultural practices (Amos, 2004).

Various institutions and companies carry out multi-envi-
ronment trials worldwide. The goal is to determine top yield-
ing variety for a certain location/region. The study of the cer-

tain regions is prerequisite for variety estimation and its rec-
ommendation to large production. Weikai and Hunt (1998); 
Braun et al. (1996), defines multi-environment as a space re-
gion, which is not necessary to be concentrated, and occurs 
in more than one country and it is often transcontinental, de-
fined by similar biotic and abiotic conditions, and by growing 
system demands. 

The goal of the paper is using the biplot method to show 
graphically the grain yields of different winter wheat variet-
ies in different locations to examine the possibility of defin-
ing different regions for growing winter wheat in Serbia.

Material and Methods

As a material, winter wheat varieties were used, being of 
different genotypes according to the morpho-physiological 
traits, genetic potential for grain yield per area unit and quali-
ty made in the Institute for Field and Vegetable Crops in Novi 
Sad (Dragana – “dra”, Sofija – “sof”, Mina – “min”, Kantata – 
“kan”, Sonata – “son”, Vila – “vil”, Ljiljana – “ljilj”, Cipovka 
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– “cip”, and Pobeda – “pob”), Small Grains Research Centre 
in Kragujevac (Toplica – “top”, Lazarica – “laz”, Takovčanka 
– “tek” and Vizija - “viz”) and Agricultural and Technologi-
cal Research Centre in Zajecar (Marta – “mar” and Žitka – 
“zit”) (Table 1). Trials were set up in the trial fields of the 
Agricultural Extension Service of Serbia (Pančevo – PA, Ki-
kinda – KI, Sremska Mitrovica – SM, Sombor – SO, Zaječar 
– ZA, Čačak – CA, and Kragujevac - KG) (Table 2). Every 
year, ten to twenty-five winter wheat varieties, grown in that 
region along with newly registered or introduced varieties 
in the production, are grown in seven localities representing 
seven different breeding regions. Fifteen varieties being pres-
ent in all localities in the productive from 2002/03 to 2004/05 
are included in this work. 

The experiment was conducted in a split-plot design with 
five replications. Preceding crop is sunflower in all localities 

with the usual agricultural practices for winter wheat in Ser-
bia, with 120 kg/ha of nitrogen. Elementary plot size is 5 m2. 
Planting was done in all locations in the mid-October. Me-
chanical sowing was done with seed density of 700 grains/ 
m2 and row spacing of 12.5 cm. The number of plants was 
determined in the spring, and the numbers of spikes per m2 
and crop health were determined at the beginning of summer. 
A combine did harvest in the full maturity stage, after which 
the grain yield was specified.

Results are shown as a three-year average for all proper-
ties and studied the instructions (Weikai and Hunt, 1998).             

                  
Results and Discussion

The biplot method is based on Principal Component Anal-
ysis, which has a spatial dimension and analyses the compo-

Table 1 
Wheat genotype characteristics used in this study

No.
 

Genotypes Maturity
type

Resistance on Weight
1000 grains, 

g
Test

weight, kg
Protein
contentcryophylactic lodging of 

stems
Puccinia and 

Erysiphe gram
1 Toplica Middle late Excellent Very good Very good 44 82 13.5
2 KG-100 Middle late Very good Excellent Good 42 80 13.0
3 ZA-75 Middle late Very good Very good Very good 42 80 14.0
4 Takovčanka Middle late Very good Very good Very good 40 80 13.0
5 Sofija Middle late Excellent Good Good 42 85 15.0
6 Mina Middle late Excellent Excellent Very good 39 82 14.0
7 Kantata Middle early Very good Very good Very good 45 83 13.0
8 Anastasija Middle early Very good Excellent Good 42 81 12.0
9 Sonata Middle late Good Good Excellent 45 80 12.5
10 Vila Middle late Excellent Very good Very good 40 83 13.5
11 Ljiljana Middle early Good Good Good 40 86 15.0
12 Žitka Late Very good Good Excellent 48 75 16.0
13 Marta Middle late Good Very good Good 43 77 13.0
14 Pobeda Middle late Very good  Good  Good 43 85 15.0

Table 2 
Locality characteristics where the genotypes are tested

No Locality
Geographic coordinates Altitude,

m
Amount of rainfall
during vegetation,

mm/m2North East
1 Pančevo (PA) 44053, 20066, 70 507
2 Kikinda (KI) 46031, 20030, 73 379
3 Sremska Mitrovica (SM) 44098, 19061, 82 546
4 Sombor (SO) 45078, 19012, 89 456
5 Zaječar (ZA) 43091, 22031, 137 568
6 Čačak (ČA) 43050, 20020, 204 511
7 Kragujevac (KG) 4401,  20055, 180 550
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nents of variance using multidimensional axes. This analysis 
shows how much percentage of total variation accounts for 
genotype proportion, and how much for genotype x environ-
ment interaction.  

At a triennial cross section, the proportion of genotypic 
variance was 51.56 %, and of genotypic variance x environ-
ment 26.34 % (Figure 1).

By analysing the components of variance for the size of 
wheat variety seed in different environments, Protić et al. 
(2010) determined that the proportion of environment vari-
ance was bigger than the proportions of genotypic variance 
and genotypic variance x environment interaction.

The biplot analysis is used to visually identify top yielding 
genotypes for each environment. Genotypes being far away 
from the beginning of biplot are connected with a straight 
line so that a polygon is formed with all other genotypes be-
ing found within the polygon. In this research, the genotypes 
placed in the corners, “zit”, “tek”, “viz”, “cip”, “dra” and 
“min”, had the highest grain yield per area unit in their sec-
tor. These genotypes were the best or the worst ones in some 
or all environments. The formed polygon was divided into 
six sectors / quadrants; each one has its genotype placed in 
the corner. Corner genotypes for each sector / quadrant have 
the highest grain yield for the environments that belong to 
that sector / quadrant. Therefore, the genotype “cip“ had the 
highest grain yield in ZA, SO, SM, and CA environments, 

while the genotype “dra“ had the highest grain yield in PA 
and KI environments. Other corner genotypes, such as “zit“, 
“tek“, “viz“and “min“did not have high grain yields in any 
examined environment. They were the worst genotypes in 
some or all examined environments on average for the period 
from 2003 to 2005 (Figure 1).

According to the part of visual comparison of two variet-
ies in different environments, the vertical line on the poly-
gon side, which connects genotypes “cip“ and “dra“, makes 
easier the comparison of genotypes “cip“ and “dra“. The 
genotype “cip“ had higher grain yields than the genotype 
“dra“ in ZA, SO, SM, and CA environments, because these 
environments are on the side of the genotype “cip“. In the 
same way, the genotype “dra“ had the highest grain yields 
in PA and KI environments in the period from 2003 to 2005 
(Figure 1).

The genotypes within the polygon had lower grain yields 
than the ones in the corners. According to visualisation of en-
vironment groups based on best genotypes, four groups dis-
tinguished from others. One group consisted of SM, CA, SO 
and ZA environments with the genotype “cip“that had the 
highest grain yield in those environments. Other group con-
sisted of KI and PA environments with the genotype “dra“ in 
the period from 2003 to 2005 (Figure 1).

The average grain yield distribution in the examined en-
vironments was as follows: SO>SM >CA >ZA >PA > KG > 
KI (Figure 2).

Plant breeders and genticists, as well as statisticians, have 
a long interest in research and integration of genotypes and 
environment for choosing superior genotypes (Barah et al., 
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Fig. 2. Grain yield in t/ha of the winter wheat in 
different environments
(Average, 2003 – 2005)

Fig. 1.  The polygon view of the genotype + genotype by 
environment biplot for grain yield
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1981; Kang, 1993; Eskridge, 1990; Huhn, 1996; Weikai et 
al., 2000).  Many statistical methods are developed for GED 
analysis, Gauch (1992) and GGE biplot analysis Weikai and 
Kang (2003); Weikai and Tinker (2006).

According to Weikai et al. (2007), each variety has better 
yielding than the other one in localities with markers being 
on the side of the line which is vertical on the one between 
the markers and biplot centre and vice versa. The vertical 
line passing through the beginning of biplot on the line be-
tween the markers represents the locations where the variet-
ies should have the same grain yield Weikai et al. (2007). 

If the multi-environments are defined by different vari-
eties prevailing there, the fact of more multi-environment 
existence is shown by Gauch and Zobel (1997). Protić et al. 
(2005) established highly significant difference in seed size 
between the years of testing, localities and genotypes, as well 
as highly significant difference between following interac-
tions: year x locality, year x genotype, locality x genotype 
and year x locality x genotype.

Conclusion

Based upon the analysis of components of variance for 
examined wheat varieties in different locations, it was estab-
lished that proportion of genotypic variance was bigger than 
genotype x location interaction variance. At a triennial cross 
section, the proportion of genotypic variance was 51.56 %, 
and genotypic variance x environment 26.34 %. The geno-
type “cip“ had the highest grain yield in ZA, SO, SM, and CA 
environments, while the genotype “dra“ had the highest grain 
yield in PA and KI environments. Other corner genotypes, 
such as “zit“, “tek“, “viz“and “min“did not have high grain 
yields in any tested environment. The average grain yield 
distribution in the examined environments was as follows: 
SO>SM >CA >ZA >PA > KG > KI.

Acknowledgements
This paper presents results of the project TR 31066 „ Mod-

ern breeding of cereals for current and future needs”, sup-
ported by Ministry of Science and Technological Develop-
ment of Republic Serbia.

References
Amos, H., 2004. Seedbed Preparation-The Soil Physical Environ-

ment of Germinating Seeds. Handbook of Seed Physiology, Ap-
plications to Agriculture, pp. 3-36.

Barah, B. C., H. P. Binswanger, B. S. Rana and N. G. P. Rao, 
1981. The use of risk aversion  in plant breeding; concept and 
application. Euphytica, 30: 451– 458.

Braun, H. J., S. M. Rajaram and V. Ginel, 1996. CIMMYT,s ap-
proach to breeding for wide adaptation. Euphytica, 92: 175-183.

Eskridge, K. M., 1990. Selection of stable cultivars using a safety-
first rule. Crop Sci., 30: 369–374.

Gauch, H. G., 1992. Statistical analysis of regional yield trials: 
AMMI analysis of factorial designs. Elsevier, Amsterdam.

Gauch, H. G. and R. W. Zobel, 1997. Identifying mega-environ-
ments and targeting genotypes. Crop Sci., 37: 311-326.

Huhn, M., 1996. Nonparametric analysis of genotype × environ-
ment interactions by ranks. p. 235–271. In M.S. Kang and H.G. 
Gauch, Jr. (ed.) Genotype-by-environment interaction. CRC 
Press, Boca Raton, FL.

Kang, M. S., 1993. Simultaneous selection for yield and stability 
in crop performance trials: Consequences for growers. Agron. 
J., 85: 754–757.

Protić, R., R. Rožić, D. Dodik and D. Poštić, 2005. Quality and 
Plumpness of Seeds of Different Genotypes of Winter Wheat. 
Poljoprivredne aktuelnosti, 3-4: 5-17.

Protić, R., M. Zorić, G. Todorović, N. Protić, 2010. Seed Size of 
Wheat Variety Grown in Multi-Environment. Romanian Bio-
technological Letters, 15 (6): 5745-5753.

Snape, J., 2001.The influence of genetics on future crop production 
strategies: From traits  to genes, and genes to traits. Annals of 
Applied Biology, 138: 203-206. 

Weikai, Y., L. A. Hunt, S. Qinglai and Z. Szlavnics, 2000. Cul-
tivar Evaluation and Mega-Environment Investigation Based on 
the GGE Biplot. Crop Science, 40 (3): 597- 605.

Weikai  Y. and L.A. Hunt, 1998. Genotype by environment inter-
action and crop yield. Plant Breed. Rev., 16: 135-178.

Weikai, Y., and M. S. Kang, 2003. GGE Biplot Analysis: A graph-
ical tool for breeders, geneticists and agronomists. CRC Press, 
Boca Raton, FL.

Weikai, Y. and N. A. Tinker, 2006. Biplot analysis of multi-en-
vironment trial data: Principles and applications. Can. J. Plant 
Sci., 86: 623–645.

Weikai, Y., S. K. Manjit, B. Aoluo, W. Sheila and L.C. Paul, 
2007. GGE Biplot vs. AMMI Analysis of Genotype-by-Envi-
ronment Data. Crop Sci., 47: 643-653.

Received June, 2, 2012; accepted for printing February, 2, 2013.


