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ABSTRACT 

Stable performance of maize hybrids in multi-environment trials is critical to sustain food production. 
The objectives of this investigation were to evaluate grain yield stability of seven maize single cross hybrids 
across three locations (Peshawar, Nowshera and Mansehra) of  Khyber Pakhtunkhwa Province of Pakistan via 
GGE biplot and to identify desirable locations for maize testing during 2007. Hybrids main effect and hybrid × 
location interaction was significant. The statistical analysis ranked hybrids on the basis of average grain yield 
across locations as ICI-974 (8439 kg ha-1) and Pioneer-3025 (8310 kg ha-1) outclassed all other hybrids. The 
GGE biplot analysis ranked hybrids on above average grain yield across locations as ICI-974 was best followed 
by Pioneer-3025 and Hi-Corn, while rest of the hybrids produced grain yield below average. For stability of 
performance across locations GGE biplot identified ICI-974, Pioneer-3025 as the most stable hybrids across 
locations, while the rest of the hybrids were inferior. Among the three locations, Nowshera and Mansehra were 
identified as highly representative, whereas, Peshawar was the least representative one. It is concluded that 
ICI-974 and Pioneer-3025 are stable hybrids at Nowshera, Mansehra and surrounding areas. 
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INTRODUCTION 

Maize (Zea mays L.) is the third most important cereal crop in Pakistan after wheat and rice and is 
produced in most countries of the world. Maize accounts for 4.8% of the total cropped area and 3.5% of the 
value of agricultural output. It is planted on an estimated area of 1.0 million hectare with an annual production 
of 3.3 million tonnes (MINFAL, 2008). The demand for maize has considerably increased due to the expansion 
in the poultry and livestock industries. In Khyber Pakhtunkhwa, maize is often grown as a dual-purpose crop, 
producing grain as well as fodder.  

Genotype × environment interactions (GEI) are of major importance to the plant breeders in developing 
improved genotypes. When genotypes are compared over a series of environments, the relative ranking usually 
shows relative superiority of any variety. Genotype × environment interactions are a challenge to plant breeders 
because they cause difficulties in selecting genotypes evaluated in diverse environment. When G×E interaction 
is significant, its cause, nature, and implications must be carefully considered (Kang and Gorman, 1989). The 
G×E interaction reduces the correlation between phenotypic and genotypic values, and has been shown to 
reduce progress from selection (Comstock and Moll, 1963). The GEI in multi-location trials complicates the 
identification of superior genotypes for a single location, because magnitudes of genotype by location 
interaction are often greater than genotype by year interaction (Badu et al. 2003).  Grain yield, is quantitative in 
nature and routinely exhibit GEI. This necessitates genotype evaluation in multi-environments trials (MET) in 
the advanced stages of selection (Fan et al. 2007; Kang et al. 2004; Annicchiarico, 2002).  

Several stability statistics have been used to partition genotype × environment interaction include 
regression analysis (Gauch, 1988), multivariate analysis (Westcoff, 1987), cluster analysis (Crossa, et al. 1991), 
etc. In recent time additive main effect and multiplicative interaction (AMMI) model is also being used (Gauch, 
1992). However, the GGE-biplot proposed by Yan (1999) is a powerful technique that allows visual 
examination of the GE interaction pattern of MET data. The GGE-biplot methodology has been reported in 
barley (Dehghani et al. 2006), in wheat (Mohammadi et al. 2007), in lentil (Sabaghnia et al. 2008) and in maize 
(Fan et al. 2007) in GE interaction evaluation and mega-environment investigation. Thus, the objectives of this 
study were to investigate the efficacy of the test sites using the GGE-biplot technique and to investigate the 
stability performance of different maize hybrids in north-west of Pakistan. 
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MATERIALS AND METHODS 

Multi-environment trials (MET) were conducted during summer crop season (July-October, 2007) at 
Khyber Pakhtunkhwa Agricultural University, Peshawar; Cereal Crops Research Institute, Pirsabak (Nowshera) 
and Agricultural Research Station, Baffa (Mansehra). Seven maize hybrids (Pioneer 3025, ICI 974, Opener, CS-
2y2, CS-King, Hi-corn and CS-201) from different seed companies were used in this investigation. The 
experiments were laid out in randomized complete block design with three replications at each location. Each 
plot comprised four rows of 5 m length. Plant spacing between rows and with in row was 0.75 m and 0.25 m, 
respectively. Two seeds per hill were planted and later thinned to single plant per hill, when plants were 10-15 
cm high. Fertilizer in the form of urea and di-ammonium phosphate (DAP) was applied at the rate 250 and 125 
kg ha-1 respectively. Entire DAP was applied at the time of sowing while half of urea was applied pre-plant and 
rest was applied when plants were at knee height. 

At maturity central two rows from each plot were separately harvested and the fresh ear weight was 
measured in each plot. Grains were shelled from five randomly selected cobs to observe the percent grain 
moisture at harvest for each plot. Grain yield kg ha-1 was calculated for every entry from the data of fresh ear 
weight per plot using the following formula: 

Grain yield (kg ha-1) = Fresh ear weight (kg plot-1) × (100-MC) × 0.8 × 10,000   
(at 15% moisture)                    (100-15) × 7.5 
 

Where: 
MC = moisture content in grains at harvest (%)  
0.8 = Shelling co-efficient  
Area harvested plot-1 = 7.5 m2  
1 hectare = 10,000 m2  
15 % = moisture content required in maize grain at storage 
 
Statistical Analysis 

The grain yield data were subjected to combined analysis of variance across locations. Since, genotype 
× location interaction was significant (Table I) the data was subjected for biplot analysis. The GGE biplot 
software (Yan, 2001) was used to generate graphs showing (i) “which-won-where” pattern, (ii) ranking of 
cultivars on the basis of yield and stability, (iii) location vectors, and (iv) comparison of locations to ideal 
location (Yan and Kang, 2003). This GGE biplot is constructed by the first two principal components (PC1 and 
PC2, also referred to as primary and secondary effects, respectively) derived from subjecting environment-
centered yield data, i.e., the yield variation due to GGE, to singular value decomposition (Yan, 1999; Yan et al. 
2000).  

Table-I     Analysis of variance for grain yield data (kg ha-1) obtained from multi-location trials conducted during 2007 
Source      df Mean squares 

Location (L) 2 16140980**  
(28.79) 

      Reps with in L 6 2701889  
(14.46) 

Genotypes (G) 6 2449193**  
(13.10) 

       G×L 12 1887470**  
(20.19) 

Error 36 730626  
(23.45) 

** = Significant at 1% level of probability 
Values in the parenthesis are percent of total of sum of squares  
 
RESULTS AND DISCUSSION 

Genotype + Genotype × Location Interaction Biplot Analyses 

Best Hybrid in each Location 

The biplot representing a polygon view (Fig. 1). having some vertex hybrids while the rest are inside 
the polygon. These vertex hybrids are supposed to be the most responsive since they have the longest distance 
from the biplot origin. Responsive hybrids are either best or the poorest at one or all locations (Yan and Rajcan, 
2002). Thus, hybrid ICI-974 and Hi-corn were the highest-yielding at Mansehra and Nowshera locations. 
Similarly, in the next sector where the vertex genotype Pioneer-3025 excelled at Peshawar location, followed by 
hybrid CS-201. None of the locations fell in the sectors with CS-King and Opener as the vertices genotypes, 
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indicating that these hybrids were not best in any of the location. The hybrid ICI-974 and Hi-Corn seemed to be 
widely adapted across the two locations. When an “ideal” view was drawn Fig. 3, the hybrid ICI-974 was the 
closest to the ideal genotype, followed by Poineer-3025. An ideal genotype is defined as one that is the highest 
yielding across test environments and is absolutely stable in performance (Yan and Kang, 2003). 

 
Fig.1.  A genotype + genotype × environment interaction bi-plot showing hybrids  performance in each environment. 

Average Yield and Stability of Hybrids 

In (Fig. 2) the average tester coordinate (ATC X-axis) or the performance line passes through the biplot 
origin with an arrow indicating the positive end of the axis. The ATC Y-axis or the stability axis passes the plot 
origin with double arrow head and is perpendicular to the ATC X-axis. The average yield of the hybrids is 
estimated by the projections of their markers to the ATC X-axis. Thus, the hybrid ICI-974 has the highest 
average grain yield (8439 kg ha-1), as having the highest projection on the performance line, followed by 
Pioneer-3025 (8310 kg ha-1), which is located almost at the same site as occupied by ICI-974. It is also obvious 
from (Table II) that both ICI-974 and Pioneer-3025 were statistically at par. On the other hand the lowest 
average grain yield (6995 kg ha-1) was produced by CS-king (Table II). In (Fig. 3) the center of the concentric 
circles is where an ideal hybrid should be; its projection on the ATC X-axis was designed to be equal to the 
longest vector of all hybrids, and its projection on the ATC Y-axis was obviously zero, indicating that it is 
absolutely stable. Therefore, the smaller the distance from a hybrid to such a virtual hybrid, the most ideal the 
hybrid is. Thus, hybrid ICI-974 was the closest to the concentric center and having the shortest GGE distance 
(22.7) and Pioneer-3025 (GGE distance = 31.2) did not seem to be meaningfully different while the hybrid CS-
king was the least stable across three location for which the longest (78.1) GGE distance was observed (Table 
II). 

Table-II      Mean Grain yield (Kg ha-1), GGE distance and ranking of seven maize hybrids  across three locations of 
Khyber Pakhtunkhwa. 

LOCATIONS  Maize hybrids GGE rank GGE distance Peshawar Nowshera  Mansehra Hybrids mean 
Pioneer-3025 2 31.2 8165 8498 8268 8310 a 
ICI-974 1 22.7 7103 9997 8218 8439 a 
Opener 6 62.4 6309 8519 7218 7349 bc 
CS-2y2 3 42.9 6638 7815 8761 7738 abc 
CS-king 7 78.1 6628 7728 6630 6995 c 
Hi-corn 4 50.8 5754 9418 9086 8086 ab 
CS-201 5 51.9 7288 7989 7631 7636 abc 
Locations mean 6841 b 8566 a 7973 ab  
Means with different letters are significantly different at 5% level of probability. 
LSD value for hybrids   = 817.3 
LSD value for locations = 1241 
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Fig. 2.   Average tester coordination (ATC) view of the GGE biplot, hybrids in lower  case, and locations are in upper case. 

PC1 and PC2 are first and second principal  components, respectively 
 

 
Fig. 3.    Comparison of hybrids with the ideal hybrid. Locations  are denoted by ‘E’ while  hybrids are with original names 

Location Ranking Based on both Discriminating Ability and Representativeness 
(Fig. 4) represents discriminating ability and representativeness of locations. An ideal location is one that is most 

discriminating (longest distance between the marker of the location to the plot origin, is a measure of its discriminating 
ability) for genotypes and is representative (shortest projection from the marker of location onto the ATC Y-axis is the 
measurement of its representativeness) of all other environments (Yan, 2001; Yan and Kang, 2003). Thus the location 
Nowshera was discriminating as well as most representative, as it is far away from the plot origin and had a shortest 
projection onto ATC Y-axis, respectively. The location Mansehra did not seem to be statistically different from Nowshera 
(Table II). On the other hand location Peshawar had the discriminating ability (far away from the origin) but not 
representative of the average location, as having large projection onto the ATC Y-axis Fig. 4. 

 
Fig. 4.   Comparison of locations with the ideal location. The hybrids are indicated by scattered small circles while the locations 

are in upper case 
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Relationship among Locations 

(Fig. 5) indicates the relationship among the tested locations. It represents the vectors of all the three 
locations, and the linear map at the right of the graph (in degrees) helps indicate the relationship between 
locations. The vector length also represents the discriminating ability of the respective location, and the cosine 
of the angle between two locations shows the relationship among them (Yan, 2001). Both Nowshera and 
Mansehra locations had the longer vectors, thus they were the best for genetic differentiation of cultivars. The 
location Peshawar was the least representative. The smallest angles between the vectors of Nowshera and 
Mansehra indicated that they had a strong relationship.  

 
Fig. 5 A genotype + genotype × environment interaction bi-plot showing relationships among three locations. 

CONCLUSION 

The GGE biplot identified CS-2y2 and Hi-Corn as least desirable hybrids. Hybrids Opener and CS-
King were undesirable. While the GGE biplot analysis revealed two hybrids ICI-974 and Pioneer-3025 were the 
most desirable across locations. Nowshera and Mansehra were identified as best locations for genetic 
differentiation of genotypes, while location Peshawar was the least representative. Thus, the GGE biplot 
methodology was a useful tool for identifying locations that optimized cultivar performance and for making 
better use of limited resources available for the testing program. 
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