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Summary. Fifteen selected okra genotypes, consisting of  
six from a pedigree breeding programme and nine es- 
tablished varieties as checks, were evaluated in five dif- 
ferent environments for stability of  performance. Per- 
formance was measured by pod yield per plant, number  
of  days to flowering, final plant height, number  of  
branches per plant, number  of  pods per plant and ed- 
ible pod weight. A regression method and a genotype 
grouping technique were employed in the evaluation. 
The results showed significant genotype x environment 
interaction only with respect to number  of  days to 
flowering and number  of  branches per plant. Additive 
environmental effect was significant for all characters. 
Line UI 313 was considered stable with respect to pod 
yield per plant and edible pod weight. One line result- 
ing from the pedigree breeding programme was also 
considered stable by the genotype-grouping technique. 
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Introduction 

Phenotypic variation is a composite of  three variables, 
viz. genetic, environmental, and geno typexenvi ron-  
ment interaction. It is a common practice in trials in- 
volving varieties and breeding lines to grow a series o f  
genotypes in a range of  different environments. I f  all the 
genotypes respond similarly to all the environments 
tested, their relative performance in other environments 
may be predicted with some confidence. A genotype X 
environment (g • e) interaction exists where the relative 
performance of  varieties changes from environment to 
environment. The presence of  g • e interaction is a ma- 

jor  problem in getting a reliable estimate o f  heritability 
and it makes it difficult to predict with greater accuracy 
the rate of  genetic progress under selection for a given 
character. 

Various techniques have been used to assist in the analysis 
of g xe  variation. The regression technique has been widely 
used by various workers (Yates and Cochran 1938; Finlay and 
Wilkinson 1963; Eberhart and Russell 1966; Perkins and Jinks 
1968; Breese 1969; Shukla 1972; Langer et al. 1979). The geno- 
type-grouping technique has also been utilised by Francis and 
Kannenberg (1978) and Ntare and Aken'Ova (1985). Apart 
from determining the stability of varieties, these techniques al- 
so provide additional parameters which measure the ability of 
varieties to respond to improving environmental conditions. 

The purpose of  this study was to determine (1) the 
stability o f  performance of  six new lines arising from a 
pedigree breeding programme as well as of  nine es- 
tablished varieties, and (2) the relative discriminatory 
ability of  regression and genotype-grouping techniques. 

Materials and methods 

Six newly developed lines of okra - 'UI 1-1', 'UI 4-30', 'UI 22- 
77', 'UI 53-139', 'UI 204-2-3' and 'UI C-6-2', from the Universi- 
ty of Ibadan pedigree breeding programme together with nine 
established varieties were grown in three-row plots measuring 
1.8 • 1.8 m at the University of Ibadan Teaching and Research 
Farm and at the National Horticultural Research Institute 
(NIHORT) also at Ibadan. 

Plantings were carried out during the early (April), mid 
(July) and late (September) rainy seasons of 1983 at the Uni- 
versity of Ibadan while only early and late season plantings 
were conducted at NIHORT. These plantings thus provided 
five different environments (Table 1) under which the varieties 
were evaluated. Rows were spaced 90 cm apart while plants 
were 45 cm apart within each row. 

Two methods were employed to investigate the response of 
the lines to different environments as measured by number of 
days to flowering, pod yield, final plant height, number of pods 
per plant, edible pod weight and number of branches per 
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plant. In the first method, the data were subjected to combined 
analysis of variance and regression analysis following pro- 
cedures outlined by Eberhart and Russell (1966). In this 
method, a genotype with average sensitivity will have a unit re- 
gression coefficient (b = 1.0) while a stable genotype will have 
minimum deviation from regression (S2di = 0). 

The second method was that proposed by Francis and 
Kannenberg (1978) in which the mean yield of each entry 
averaged over environments is plotted against its coefficient of 
variation (c.v.) over environments. This method groups geno- 
types into the following four classes. 
Group I. Genotypes with high or above average mean yields 
but small c.v., i.e. smaller than the mean c.v. 
Group If. Genotypes with high or above average yields and 
above average c.v. 
Group III. Genotypes with low or below average yield and be- 
low average c.v. 
Group IV: Genotypes with below average yields but above 
average c.v. 

A comparison of the two procedures was made with re- 
spect to which genotypes were considered stable using either 
procedure. 

spect to pod yield, number  of pods per plant, edible pod 
weight and final plant height (Table 2). The pooled 
deviations for all the characters were significant indicat- 
ing a non-l inear response to environments. 

The average pod yield per plant, regression coef- 
ficient, and deviation from regression (S~d) of each 
genotype are presented in Table 3. Since regression co- 
efficients measure response of genotypes to an in- 
crement in an improving environment,  genotypes 'UI 
313' and 'UI 104' with regression coefficients signifi- 
cantly greater than 1 had above average responses and 
were consistently high yielders in all above average en- 
vironments. Furthermore, except for line 'UI 313', all 
lines had deviation MS significantly greater than zero. 
Only 'UI 313' could therefore be considered to be stable 
with respect to pod yield by this regression technique. 
The regression coefficients and MS of other characters 

Results 

The analysis of variance for stability of performance as 
measured by days to flowering, final plant  height, num-  
ber of pods per plant  and number  of branches per plant 
using Eberhart and Russell's (1966) procedures showed 
significant differences among the okra genotypes. Addi- 
tive environmental  effects were significant for all 
characters evaluated, and geno type•  
(linear mean squares (MS) were not significant with re- 

Table 1. Locations, seasons, and planting dates in the okra sta- 
bility analyses 

Location Season Planting Rainfall Sunshine 
date (mm) (h) 

Table 3. Mean pod yield per plant, regression coefficient, b, 
and deviation mean square for 15 okra genotypes 

Genotypes Mean pod Regression Deviation 
yield/plant Co-efficient mean 
(g) (b_+ sd) square 

(S 2 di) 

'UI 1-1' 148.2 1.16_+0.61 2,023.35 b 
'UI 4-30' 176.6 1.69_+0.57 1,766.76 b 
'UI 22-77' 168.0 1.08_+0.68 2,585.67 b 
'UI 53-139' 146.0 0.42_+0.80 3,553.84 b 
'UI 72-11' 135.9 0.63_+0.63 2,185.18 b 
'UI 72-204' 131.8 0.94_+0.55 1,637.55 b 
'NHAe 81' 159.3 1.41 _+0.80 3,566.37 b 
'UI 92' 145.2 0.89_+0.52 1,513.26 b 
'UI 104' 176.3 1.52_+0.21 a 241.22 b 
'UI- 143' 90.4 0.36 _+ 0.31 525.65 b 
'UI 204-2-3' 146.9 0.24_+ 1.10 6,614.41 b 
'UI 208' 148.0 0.79_+0.52 1,502.48 b 
'NHAe 301' 168.3 1.38_+ 1.34 9,854.56 ~' 

University Early April 523.2 617.6 'UI 313' 176.3 1.64• a 129.30 
of Ibadan Mid July 348.7 542.1 'UI C-6-2' 133.3 0.85_+0.45 1,123.36 b 

Late September 263.2 701.8 
NIHORT Early April 535.1 598.6 a Regression co-efficient, (b), significantly greater or less than 
(Ibadan) Late September 494.5 670.8 1.0 

b Deviation mean square, (S2di), significantly greater than 0 

Table 2. Mean squares from the stability analyses of variance of okra lines (Eberhart and Russell 1966) 

Sources of variation d.f. Pod yield/ Days to No. of Edible Final No. of 
plant (g) flowering pods/plant pod weight plant branches/plant 

(g) height (cm) 

Genotypes 14 2,593.30 Ns 167.27"* 13.82"* 26.82** 1,362.46"* 2.08** 
Environment(linear) 1 249,024.51 ** 2,240.81"* 689.00** 342.42** 22,707.44** 158.23"* 
Genotype • environment 14 3,592.07 Ms 71.23 ** 8.09 NS 5.05 NS 237.71NS 0.77 ** 

(linear) 
Pooled deviation 45 2,575.56** 13.65"* 5.45** 3.74** 225.96** 0.36** 
Pooled error 140 77.40 0.20 0.04 0.6 0.6 0.04 

** Significant at P=O.OI 



Table 4. Regression coefficient, b, for 5 characters in 15 okra genotypes across 5 environments 

Genotypes Days to No. of Edible pod Final plant No. of 
flowering pods/plant weight (g) height (cm) branches/plant 
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'UI 1-1' 0.20+0.24 ~ 1.08+0_39 0.77+0.63 0.76+0.98 0.79+0.30 
'UI 4-30' 0.50+0.31 1.54+0.41 1.27+0.63 1.14+0.78 0.95+0.04 
'UI 22-77' 0.16+0.32" 1.15_+0.52 0 .49_+0.32  0.56+0.49 0.61 _+0.23 
'UI 53-139' 1.69+0.78 0.69+0.62 1.97_+0.13 ~ 0.83-+0.10 1.25+0.32 
'UI 72-11' 0.01 _+0.84 1.46+0.89 0 .58_+0.45  1.10-+0.47 0.71 +0.06 ~ 
'U172-204' 0.92+0.33 1 .25_+0.56 1 .10_+0.83 0.66+0.42 0.93+0.36 
'NHAe 81' 0 . 9 7 _ + 0 . 6 4  1.07+0.38 0 .55_+0.81  0.90-+0.48 0.83+0.34 
'UI 92' 2.41_+0.84 0.54-+0.54 1 .61_+0.80  1 .48 -+0 .66  1.19+0.23 
'UI 104' 1.23+0.36 1.26-+-0.45 1.08+0.80 0.79-+0.47 1.48-+0.31 
'UI 143' 0.75_+0.45 0.23+0.32" 0 .97_+0.49  1 .41_+0.25 1.15_+0.26 
'UI 204-2-3' 0 .86_+0.21 0 .38_+0 .80  1.12+1.15 0 .69_+0 .88  1.01_+0.37 
'UI 208' 1.78_+0.69 0 .58_+0.56  1.11+0.83 1 .81-+0 .81  0.90-+0.31 
'NHAe 301' 1 .71-+0 .51  1 .29_+0.96  1 .40_+1.45 1 .24_+0.62  1.53_+0.45 
'UI 313' 1.33_+0.37 1 .26_+0.50  1.07_+0.00" 1.33_+0.72 1.0 _+0.51 
'UI C-6-2' 0.54_+0.46 1.11 +0.50 0.90_+0.53 0.31 -+ 1 . 1 0  0.74_+0.22 

Regression coefficient; (b), significantly greater or less than 1.0 

Table 5. Deviation mean square (S2di) of 5 characters in 15 okra genotypes 

Genotypes Days to No. of Edible Final No. of 
flowering pods/plant pod weight plant branches/ 

(g) height plant 
(cm) 

'UI 1-1' 2.85 b 2.34 ~ 2.86' 484.17" 0.31 a 
'UI 4-30' 4.57 a 2.63 a 2.88" 303.14" 0.41 a 
'UI 22-77' 4.90" 4.32 a 1.55 a 117.90" 0.18" 
'Ut 53-139' 29.82" 5.97" 1.16 ~ 114.66a 0.35" 
'U172-11' 34.91 a 12.55" 1.41" 111.56" 0.20" 
'U172-204' 5.25" 5.06" 5.0 a 102.49 ~ 0.45" 
'NHAe 81' 20.23 ~ 2.27" 4.77 ~ 116.52 a 0.41 a 
'UI 92' 34.94 a 4.65 �9 4.67 ~ 216.92" 0.18 ~ 
'UI 104' 6.33" 3.15" 4.67" 111.31" 0.348 
'UI 143' 9.92" 1.58" 1.69" 230.77 a 0.23" 
'UI 204-2-3' 2.17" 10.01" 9.68 a 392.9 a 0.47 
'UI 208' 23.54 ~ 5.00" 5.01" 330.43" 0.33 
'NHAe 301' 12.92" 10.67" 10.67" 195.84" 0.71" 
'UI 313' 9.96 ~ 3.98" 0.07 203.36" 0.89" 
'UI C-6-2' 10.55" 3.87" 2.03" 607.41" 0.17" 

" Deviation mean square (S2di), significantly greater than 0 

evaluated are presented in Tables 4 and 5. It is note- 
worthy that most characters did not respond to en- 
vironmental  changes. Genotypes 'UI  53-139' and 'UI 
313' produced bigger pods under  more favourable en- 
vironments. Only these two genotypes were stable with 
respect to pod weight by having non-significant devi- 
ation MS. 

"l-he genotype-grouping technique suggested by 
Francis and Kannenberg  (1978) classified the genotypes 
into four groups according to their means and CV's as 
shown in Fig. 1. By this method, only genotype 'UI 22- 
77' could be regarded as showing consistent above aver- 
age performance. Although genotypes 'UI 208', 'UI  53- 
139', 'UI 204-2-3', 'UI  92', 'UI 72-11' and 'UI C-6-2' 

were stable by having below average CV, their yields 
were also below average. Genotypes 'UI 104', 'UI 313', 
'UI 4-30', 'NHAe 301', and 'NHAe 81', however, had 
above average yields with large CV, an indication of 
sensitivity to environmental  changes. Genotypes 'UI 
1-1' and 'UI 72-204' in group IV are the least desirable 
as they combine above average CV with below average 
pod yield. 

Discussion 

Although it is not necessary to breed a variety that is 
adapted to all ecological conditions, breeding methods 
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Fig. 1. Mean pod yields/plant (g) plotted against coefficients 
of variation c.v. from five environments 

can be designed towards producing a high yielding vari- 
ety with a considerable degree of  general adaptability. 
In this study, the regression of mean yields on en- 
vironmental  indices indicated that a significant portion 
of  the total variation was accounted for by linear re- 
gression although a portion of this remained non-linear. 
The most often used parameters  in selecting genotypes 
for high yield and stability of  performance are mean 
yield, regression co-efficient and minimum deviation 
from linear regression (Eberhart  and Russell 1966; 
Breese 1969). Varieties with above average performance 
were those that had regression coefficients significantly 
greater than unity (Perkins and Jinks t968; Breese 
1969). This is the case with genotypes 'UI  104' and 'U1 
313' which performed best only in the above average 
environments.  Only genotype 'UI  313' could therefore 
be considered to be stable in respect of  pod yield by the 
regression technique. According to Francis and Kan- 
nenberg 's  (1978) genotype-grouping technique, only 
line 'UI  22-77' was desirable as it combined above aver- 
age yield with below average CV. 

Most other characters had average sensitivity to en- 
vironmental  changes, a condition which probably cul- 
minated into average sensitivity of  most genotypes with 
respect to pod yield. The stability of  performance 
exhibited by genotype of 'UI  313' with respect to pod 
weight, a major component  of  pod yield, was probably 
responsible for the stability of  performance of 'UI  313' 
regarding pod yield by the regression technique. 

None of the lines arising from the pedigree breeding 
programme significantly outyielded 'UI  104', the top 
yielding established variety, when averaged over en- 
vironments. However, that some lines significantly sur- 
passed 'UI 104' in certain environments suggested the 
possibility of  developing certain lines for specific en- 
vironments. There is, in any case, a need to test these 
lines in a more diverse and wider range of locations to 
assure more reliable recommendations.  The two 
methods of determining stability of  performance pro- 
duced similar results by classifying the majority o fgeno-  
types as unstable. They were, however, contradictory in 
identifying the stable genotype. 

Although genotype-grouping technique has no pre- 
dictive value, it will be valuable in early generations 
where a large number  of  entries are usually handled. 
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