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Abstract 

Agronomic parameters and Genotype × environmental interaction for stability estimate were investigated on grain 

yield of 2 hybrid rice lines (TEJ Gold and 6444 Gold) with three  commercially released rice varieties (FARO 44, 

FARO 52 and FARO 57) as checks. This was done in six locations in 2017 of which five out of the six (Kebbi, 

Kano, Enugu, Warri and Lafiagi)were in dry season and one (Wushishi) in wet season.  The experiments were laid 

out in a randomized complete block design in three replications having 20 cm inter and intra row spacing. AMMI 

ANOVA for grain yield revealed significant difference among the genotypes and environments that were tested 

(P<0.01) and their interaction. The observed difference on the interaction indicated that, the genotypes responded 

differently across the different environments. The partitioning of GGE through GGE biplot analysis showed that, 

PC1 and PC2 contributed 75.34% and 16.33% which summed up and explained a total of 91.67% of the observed 

variation seen, though PC1 contributed more of the observable variations. Cultivar ranking and genotype stability 

revealed that the hybrid TEJ GOLD, performed well across the test locations though not stable across the locations 

tested. However, FARO 52 and FARO 57 had a small GE effect, indicating their stability and being less influenced 

by the environment. The two hybrids rice (TEJ Gold and 6444 Gold) significantly gave a higher yield of 6683 and 

6005 kg/ha respectively, with yield advantage ranging from 11.9 to 32.8% over the three check varieties. 
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Introduction 

Rice has become an important strategic and daily 

staple food crop in Nigeria. The potential land 

area for rice production in Nigeria is between 

4.6million and 4.9 million hectares (FAO, 2006). 

Out of this, only about 1.7 million ha or 35 

percent of the available land area is presently 

under rice cultivation (Olaf et al., 2003). There is 

need to produce more rice in Nigeria to meet 

demands created by increasing population, mass 

exodus of rural people to urban area, effect of 

climate change and rising incomes cannot be 

overemphasized. This production increase must be 

achieved on less land, with less labour, less water, 

and less pesticides, and must be sustainable. 

(Rajesh et al., 2012) Small-scale farmers with 

farm holdings of less than 1 hectare cultivate most 

of the rice produced in Nigeria (Imolehin et al., 

2000). However, rice productivity and production 

at the farm level are constrained by several 

factors. These factors include insufficient and 

appropriate technologies, biotic factors, poor 

supply of inputs, ineffective farmer organizations 

and groups, low yield and poor milling quality of 

local rice varieties, poor marketing arrangements, 

inconsistent agricultural input and rice trade 

policies, poor extension systems and 

environmental constraints (Kueneman, 2006). 

These environmental constraints include poor 

drainage and iron toxicity in undeveloped lowland 

swamps, drought, deficiencies in N and P, 

insufficient rainfall and poor management 

practices (Janaiah, 2000). Experience in China, 

India, and Vietnam have established that hybrid 

rice offers an economically viable option to 

increasing varietal yields beyond the present level 

of 1 to 2.5 tons/ha of rice paddy. Several other 

countries such as Bangladesh, Brazil, Colombia, 
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Egypt, Democratic People’s Republic of Korea, 

Japan, Malaysia, Myanmar, Pakistan, Philippines, 

Republic of Korea, Sri Lanka, Thailand and USA 

are currently exploring the prospects of hybrid 

rice. Availability of adequately trained human 

resources is an essential prerequisite for 

developing an effective national hybrid rice 

breeding program. (Rajesh et al., 2012)  

 

Hybrid rice breeding uses several concepts, skills, 

and procedures which are strikingly different from 

those used for inbred rice breeding. These must be 

learned by plant breeders before initiating a 

comprehensive hybrid rice breeding program 

(Yuan, 2002). Hybrid rice is a proven and 

successful technology for rice production and can 

contribute significantly toward improving food 

security, raising rice productivity and farmers’ 

income, and providing employment opportunities 

(George, 2007). Remarkable progress continues as 

hybrid rice technology makes its way across Asia 

and to other countries (IRRI, 1994, IRRI, 1996). 

Since the 4th International Hybrid Rice 

Symposium held in Hanoi, Vietnam, in 2002, the 

area grown to hybrid rice worldwide increased to 

an estimated 19.8 million hectares in 2007, 

including about 2.8 million hectares outside China 

but no area cultivated in Nigeria till date. All 

major rice-producing countries in the world have 

been investing in applying hybrid rice technology, 

and, in recent years, the seed industry has also 

been involved in hybrid rice research and 

development (Mao, 2001). In this research paper, 

two hybrid rice genotypes were evaluated in six 

locations to assess their stability and yield 

potential. 

 

Materials and Methods 

Two hybrid rice genotypes (6444 GOLD and TEJ 

GOLD), with three inbred checks (FAO44 FARO 

52 and FARO 57) were evaluated in 2017 

cropping season (wet and dry season) in six 

locations. Kebbi, Kano, Enugu, Warri and Lafiagi 

were evaluated during dry season of 2017 while 

Wushishi location was evaluated in the wet season 

of same year, all in a Randomized Complete 

Block design with three replications respectively. 

Each entry was planted in a 4m x 3m plot size and 

fertilizer application was at 80, 40, 40 kg per ha of 

N, P2O5 and K2O, with N applied at two splits at 

21 and 42 days after transplanting (DAT). 

Weeding was controlled by propanil and 2-4-D 

formulation at 4 liters per ha of Orizo Plus, with 

supplementary hand weeding. Agronomic data 

were collected for plant height (cm), Number of 

tillers per square meter, Number of Panicles per 

square meter, Number of days to 50% flowering 

and grain yield. This was subjected to analysis 

with CropStat, version 3.0. Stability and 

Sensitivity on the rice grain yield was determined 

by subjecting the grain yield data to additive main 

effect and multiplicative interaction (AMMI), 

GGE-biplot and Boxplot analysis using Breeding 

View (BV) statistical package in the breeding 

management system, version 3.0.9. 

 

Results and Discussions: 

Table 1 shows that plant height in all the locations 

investigated were significantly different. FARO 

57 had the highest mean plant height of 113.1 cm 

while FARO 44 had the lowest mean plant height 

of 92.1cm. However, hybrid rice TEJ GOLD had 

a mean plant height of 98.9 cm which is within 

the range of plant height accepted by local farmers 

in Nigeria. Looking at the specific locations for 

plant height, FARO 57 in Kebbi location had the 

highest plant height value of 138.4 and FARO 44 

in Enugu location and had the lowest plant height 

value. It is also important to note that genotypes 

with plant height figures of about 120 cm could 

lead to lodging. Tiller number /m
2
 in table 1 

showed that Kano, Lafiagi and kebbi locations 

differed significantly for number of tillers per 

square meter while Warri Enugu and Wushishi 

were not significant. Wushishi location recorded 

more tillers when compared to other locations 

where the entries were tested with hybrid 

6444GOLD recording the highest number of 

tillers (738 tillers /m
2
). However, FARO 44 had 

the highest mean tiller number (535 tillers/m
2
) 

when compared across the locations investigated.     

Number of panicles/m
2 

in Table 2 showed that 

Kano, Lafiagi and Kebbi showed wide range of 

difference for number of panicles/m
2
. Warri, 

Enugu and Wushishi were not significantly 

different for number of panicles/m
2
. For the 6 

locations that were used for the investigation, 

Wushishi location showed to have the highest 

number of panicles with 6444 GOLD recording 

the highest (432) though there was no significant 

difference observed among the 5 test entries. On 

the other hand, number of days to 50% flowering 
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showed significant difference for the 6 location 

investigated. Though the mean days to 50% 

flowering showed that hybrid 6444 GOLD 

recorded the highest (93 days), Lafiagi showed to 

have the latest number of days to 50% flowering 

while Wushishi showed to be the earliest.  

 

Grain yield data in Table 3 showes that the test 

entries investigated differed significantly in Kano, 

Lafiagi, Kebbi, Enugu and Wushishi but was not 

significantly different at Warri location. Warri 

location recorded the least grain yield when 

compared to other locations. However, TEJ 

GOLD recorded the highest mean grain yield of 

6.683 metric tons per hectare.  6444 GOLD also 

recorded the highest grain yield of 9.967 tons per 

hectare in wushishi location. It was also observed 

that the two hybrid test entries outperformed the 

check varieties in all the 6 locations. 6444 GOLD 

had a 19.3, 10.6 and 11.9% yield advantage over 

FARO 57, FARO 52 and FARO 44 respectively. 

TEJ GOLD had a 32.2%, 23.1% and 24.6% yield 

advantage over FARO 57, FARO 52 and FARO 

44 respectively. It could also be inferred that the 

high yield experienced in Wushishi location may 

be as a result of the experiment being done in the 

wet season of 2017. From the Finlay and 

Wilkinson regression analysis and ANOVA  

(Table 4), significant differences were observed 

among the test genotype across the environment 

which shows the wide differences in the varieties 

used for the experiment as well as their response 

to the test environments. The test environments on 

the other hand differed significantly also showing 

that the quality of the test environment where not 

the same from location to location as shown in 

Table 4. IPCA 1 and IPCA 2 were significantly 

different explaining the observable difference in 

the behavior of the genotypes in their respective 

environments. Identifying high yielding and stable 

genotypes is easier when such significant 

differences are observed (Eberhart and Russell, 

1966; Ishaq et al., 2015). 

 

 

Table 5 shows the mean values for yield and 

regression coefficient (b), for 2 hybrid rice 

varieties over four environments. Genotypic 

sensitivity which shows the changes in the 

environmental quality is shown by the slope (b 

value). This explains the changes experienced in 

the quality of environments; where values of b > 1 

mean genotypes with a higher sensitivity and less 

stability than average sensitivity (b=1), while b < 

1 means genotypes that were less sensitive and 

more stable. Therefore, the best genotypes within 

the seven (7) environments of study were those 

within the b = <1 range of sensitivity and should 

be noted that the lesser that b Value the more 

stable the variety. From Table 5, the sensitivity 

ranking shows that FARO 52 was the most stable 

variety across the locations (0.6096) though its 

mean yield indicated that it ranked 4th place in 

cultivar superiority with a mean grain yield of 

5431tons/ha. However, hybrid cultivar TEJ 

GOLD, had the highest mean grain yield of 

6683tons/ha as shown from the cultivar ranking 

score of 1 but it showed to be very sensitive as it 

scored 4th in the sensitivity ranking (1.1688).   It 

could be deduced that, though the hybrid test 

entry TEJ GOLD variety outperformed the 3 

check varieties in terms of yield, it is however, not 

a better variety in terms of stability across the 

ranges of environment. This finding agrees with 

Bashir et al. (2018) and Maji et al. (2015) who 

opined that, an ideal genotype is the genotype 

with high performance combined with good 

stability to different environments. Figure 1 shows 

AMMI (additive means and multiplicative 

interactions) biplots and environmental scaling of 

the 5 test entries in 6 environments. Three mega 

environments were described from Figure 1. 

Lafiagi and Kano formed different mega 

environment while the others formed one cluster 

showing to have almost same environmental 

quality. The partitioning of GGE through GGE 

biplot analysis of grain yield showed that, PC1 

and PC2 explained 75.34% and 16.33% of GGE 

sum of squares respectively, explaining a total of 

91.67% of the observed variation seen though, 

PC1 contributed more. However, TEJ GOLD 

being on the vertex hexagon point of the upper 

right side of the GGE environmental scaling 

makes it the most stable and best genotype across 

the locations investigated.  

 

Conclusion 

Agronomic performance of crop varieties is a sure 

way of distinguishing varietal differences and a 

good guide for breeders when making selection. 

AMMI statistical model is a tool in selecting the 

most suitable and stable high yielding crop 
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genotype for specific as well as for diverse 

environments. In the present study, both 

agronomic performance and AMMI model has 

shown that, Hybrid TEJ GOLD performed well 

across the test locations though, shown not stable 

across the locations tested. The largest proportion 

of the total variation observed in the grain yield of 

the rice genotypes is attributed to environments. 

The mean grain yield value of genotypes averaged 

over environments indicated that FARO 52 and 

FARO 57 had a small GE effect, indicating their 

stability and being less influenced by the 

environment. The 2 hybrid test entries should be 

re-evaluated across many environments and tested 

for stability before recommendation for release. 
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Table 1.Plant height and Number of Tillers per square meter in Multi-Locational evaluation of Hybrid rice lines and check varieties 

 Plant Height (cm) Number of Tiller/m2 

Designation Kano Lafiagi Kebbi Warri Enugu Wushishi Mean Kano Lafiagi Kebbi Warri Enugu Wushishi Mean 

6444 GOLD 113.0 104.3 114.5 90.9 95.9 120.0 104.5 590 350 633 543 270 738 531 

TEJ GOLD 97.3 104.7 108.3 78.5 91.7 114.0 98.9 530 445 617 458 298 683 524 

FARO 44 © 91.7 94.6 99.4 73.5 82.8 110.3 92.1 608 432 508 533 337 682 535 

FARO 52 © 101.3 126.6 121.5 97.6 102.9 120.0 110.8 517 422 550 585 250 537 483 

FARO 57 © 106.7 111.3 138.4 91.7 101.0 132.3 113.1 520 323 542 542 250 590 468 

Lsd 5% * * * * * * * * * * Ns Ns Ns * 

CV % 2.5 3.3 5.0 4.3 4.3 4.9 3.3 2.9 4.3 6.6 12.8 15.3 17.7 12.0 

 

*-Significant, ns – Not Significant, © - check entry 

 
Table 2. Number of Panicle per square meter and Number of days to 50% flowering in Multi-Locational evaluation of Hybrid rice lines and check varieties 

 Number of Panicles/m2  Number of Days to 50% Flowering 

Designation Kano Lafiagi Kebbi Warri Enugu Wushishi Mean Kano Lafiagi Warri Enugu Wushishi Mean 

6444 GOLD 300 333 562 377 492 620 432 74 109 89 108 68 93 

TEJ GOLD 296 297 525 332 540 610 415 71 85 80 92 58 80 

FARO 44© 307 353 418 412 552 557 421 70 100 86 98 61 86 

FARO 52© 225 253 503 350 444 432 358 72 105 103 99 69 92 

FARO 57© 225 313 437 350 432 453 360 74 108 89 102 67 91 

Lsd 5% * * * ns ns ns * * * * * * * 

CV % 1.9 5.0 9.4 21.2 12.1 17.0 12.3 0.5 2.5 5.2 2.5 1.1 1.5 

 

*-Significant, ns – Not Significant, © - check entry 
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Table 3.Grain yield and Percentage yield advantage over checks Hybrid rice lines in Multi-Locational evaluation 

 Grain Yield (kg/ha) % Yield Adv over checks 

Designation Kano Lafiagi Kebbi Warri Enugu Wushishi Mean FARO 57 FARO 52 FARO44 

6444 GOLD 7267 4467 6933 4100 4200 9967 6005 19.3 10.6 11.9 

TEJ GOLD 7300 5733 7733 3917 6067 9767 6683 32.8 23.1 24.6 

FARO 44© 7333 4167 6567 3550 4467 7267 5364    

FARO 52© 6000 6067 6533 3450 3667 6167 5431    

FARO 57© 6900 4100 6333 3367 4167 5733 5033    

Lsd 5% * * * ns * * *    

CV % 6.6 8.0 4.9 16.2 7.0 11.6 9.7    

 

*-Significant, ns – Not Significant, © - check entry 

 

Table 4. Analysis of variance using F and W Regression Analysis 

 
 
Table 5.Ranking and Genotype stability Parameters for grain yield based on the Finlay and Wilkinson (1963) stability model. 

 

Genotype 

 

Mean 
S.E. 

Sensitivity 

(b) 

Sensitivity 

Ranking 

Cultivar 

Superiority 

Cultivar 

Ranking 

Mean square 

Deviation 

6444 GOLD 6005 293.2 1.3957 5 13295 2 360557 

FARO 44 5364 293.2 1.0344 3 575138 3 263479 

FARO 52 5431 293.2 0.6096 1 1385325 4 994633 

FARO 57 5033 293.2 0.7609 2 1704096 5 473710 

TEJ GOLD 6683 293.2 1.1688 4 2197184 1 314276 

 

Source D.F. S.S. M.S. V.R. F Pr 

Genotypes 4 11826423 2956606 4.19 0.0104 

Environments 5 67432941 11238823 15.91 <0.001 

Interactions 24 16953257 706386 
  

IPCA 1 9 10968241 1218693 6.35 0.0080 

IPCA 2 7 4450130 635733 3.31 0.0575 

Residuals 8 1534886 191861 
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Figure 1. GGE biplot for best rice genotypes in different environment for grain yield 


