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Abstract

The main objective of the present study was to compare three se-
lection methods: (1) conventional method based on mean yield alone
(YA), (2) Kang’s rank-sum (KRS) method, and (3) Yield-stability statistic
(YSi) method. The other objective was to study the nature of stability. It
was based on genotype-environment (GE) interaction partitioned to het-
erogeneity due to environmental index (additive main effect) and residu-
al.

The analysis of variance of data set made up of 28 genotype eval-
uated over six environments indicated significant genotype x environ-
ment (GE) interaction for seed cotton yield, boll weight and earliness.
While, it was insignificant for lint yield. The removal of heterogeneity re-
vealed that genotype (H11 1414/96) was unstable for seed cotton
yield, three genotype (H5 1204/96, H8 1379/96 and G.87) were unsta-
ble for boll weight and genotype (H6 1304/96) was unstable for earli-
ness because of the linear effect of environment index. For certain stable
genotype, linear and non-linear effect of the environmental index were
significant. The KRS method identified the highest number of stable gen-
otypes. The mean seed cotton yield of selected genotypes were 7.92
kentar/feddan for YA method, 7.74 kentar/feddan for KRS method and
7.87 kentar/feddan for yield stability statistic. The fifty bolls weight
were 129.10, 126.93 and 126.01gm for the three selection methods,
respectively. The mean earliness were 76%, 73.30% and 74.034% for
these selection methods, respectively. These reductions were regarded
as insignificant considering the breeder would be able to choose more
consistently performing genotypes on the basis of KRS than on the basis
YA or yield-stability statistic method. Selection of highest genotypes of
yield-stability statistic improved this method.

INTRODUCTION

The promising strains derived from hybrids in breeding programe are evaluated in
different locations before recommending them for production of farmers. When the
multilocation test is made the genotypes performance may vary from location to other
due to the significance of genotype x environment (GE) interaction. Plant breeders
need practical selection method that would distinguish (GE) interaction. Despite availa-
bility of several methods designed to combine yield and stability into single selection
criterion (Kang et al., 1991; Kang and Phame, 1991 and Bachireddy ef al., 1992), prac-
tical integration of stability of performance with yield has not been definitely achieved.
Integration of yield and stability of performance across years has generally not been
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practiced in performance trial, but is of utmost importance for selecting high yielding,
stable genotype (Kang and Phame, 1991). Kang and Phame evaluated methods for se-
lecting genotypes on the basis of both yield and stability of performance. The methods
included Hiihn’s (1979) Si3 and Si6 statistic, Lin and Binn’s (1988) P1 statistic and
Kang’s (1988) rank-sum statistic that uses Shukla’s (1972) stability variance statistic
(‘012). The ‘012 is similar to Wrick's (1962) ecovalance (w1) which measures contri-
bution of genotype to GE interaction. Kang’s rank-sum (KRS) method (Kang’s, 1988)
does not take into account significance level of "012. Recently Kang and Magari (1995)
took into consideration significance level of ”012 and adjusted yield rank according to
LSD; sum adjusted yield rank and stability ranking to determine YSi statistic.

The objectives of this investigation were: (1) to study the nature of stability for
extra long strains, (2) to compare three methods of selection, i.e. conventional method
based on mean yield alone, Kang’s rank-sum (KRS) method, yield stability statistic (YSi)
and highest YSi statistic.

MATERIALS AND METHODS

Twenty eight genotypes were grown in a randomized complete block design with
six replication at each of six locations in Nile Delta of Egypt in 1998. The six location
were Kafr Saad, Tanta, Meet Ghamer, Tala, Sakha and Dmanhour.

The genotypes consisted of seven cultivars, i.e. Giza 87, Giza 88, Giza 45, Giza
70, Giza 76, Giza 77 and Giza 86 which were numbered (22-28) respectively and 21
genotypes derived from 12 crosses (Table 1). Every strain was sown in plots of five
hills (4m long and 60 cm apart). The three central hills of each plot were hand harvest-
ed in two harvesting to determine seed cotton yield (SCY) in Kentar/feddan and lint
yield (LY) in kentar/feddan and earliness index (E%) according to the following formula:

Weight of the first harvesting
Earliness index = X 100

total weight for the tow harvestings

A random sample of 50 bolls, harvested from the outer two hills was used to ob-
tain boll weight (BW).

The data for each plot was recorded and subjected to analysis of variance (ANO-
VA). Because genotype x environment (GE) interaction was significant, it was parti-
tioned into heterogeneity and residual in accordance with Shukla (1972). The ‘012 and
S|2 statistics were computed using (Kang and Magari, 1995) Stable BASIC Program. Se-
Ieciion on the basis of yield rank alone were made by using the LSD with P<0.05 value.
All genotypes with yield within one LSD of the highest-yielding genotypes were select-
ed. For the KRS method, the ranks were assigned for mean yield or mean of any charac-
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ter wih the genotypes having the highest mean receiving the rank 28. Similarly, ranks
were assigned for "012 with the lowest receiving the rank 28, while the lower value im-
plies more stable genotype. The two ranks for each genotype were summed. A high
rank-sum value was considered desirable. For yield-stability statistic (YSi) method (1)
Stability rating (SR) was assigned as follow: -8, -4 and -2 for ‘012 significant at 0.01,
0.05 and 0.1 probability levels, respectively, and 0 for insignificant ‘012. (1) Yield rank
were adjusted according to (LSD) (Ill) Sums of adjusted yield rank (Y) and stability rat-
ing (SR) for each genotype to determine YSi statistic (IV) Calculates mean YSi and
identifies genotypes (selection) with YSi > mean YSi. We suggested selection of the
same number of genotypes for yield rank alone which showed highest genotypes for
yield stability statistic to improvement this method.

RESULTS AND DISCUSSION

ANOVA for yield and other studied traits (Table 2) indicated that the GE interac-
tions were significant for all triats except for lint yield (LY). Partitioning the GE interac-
tion revealed that the heterogeneity caused by the environmental index was significant
for lint yield only. The residuals were significant for all traits except lint yield. The sig-
nificant GE interaction suggested that selection of genotype on the basis of mean yield
alone (YA) would not be appropriate for seed cotton yield, boll weight and earliness in-
dex. In such situation, methods that combine yield and stability of performance are
useful. For lint yield, selection of genotypes on the basis of mean yield alone (YA)
would be appropriate.

Stable genotypes and nature of stability:

When ‘012 values were examined for seed cotton yield, seven of 28 genotypes
were declared unstable (significant “612) Table (3). After the linear effect of the envi-
ronmental index was removed and Si2 values were examined, six instead of seven geno-
types were judged to be stable (significant Siz. It was also revealed that genotype
number 18 (H,, 1414-96) was unstable because of the linear effect of the environ-
mental index. The instability of the six genotypes was probably due to the linear and
non linear effects.

For fifty bolls weight, Table (5) showed that when the values “012 were exam-
ined that 17 out of 28 genotypes were considered unstable. When the linear effect of
the environmental index was removed, 14 instead of 17 genotypes were judged to be
unstable. The three genotypes number 3, 14 and 22 (H; 1204/96, H; 1379/96 and
Giza 87) were unstable because of the linear effect of the environmental index.

Regarding the earliness index, when ‘012 values were examined, six out of 28
genotypes were considered unstable (Table 6). When the values of 812 were examined,
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five instead of six genotypes were declared unstable due to the removal of linear effect
of environmental index. Table (6) showed that the genotype number 9 (Hy; 1304/96)
was unstable because of the linear effect of environmental index. Information such as
this is important in understanding the nature and causes of stability of genotypes
(Bachireddy et al., 1992).

Selection:

Regarding seed cotton yield, when selection was based on (YA), nine genotypes
were chosen. Eight of the nine selected genotypes were stable (Table 3). Mean yield of
these nine genotypes was 7.92 K/F.

When selection was based on the KRS method, eight out of the nine selected
genotypes by KRS were the same selected genotypes on the basis of (YA) method (Ta-
ble 3). The nine selected genotypes based on the KRS were stable with mean yield of
7.74 K/F which recorded reduction of 2.27% less than the mean of selected genotype
on the basis of (YA). The breeders may be willing to overlook this reduction (2.27%)
for the sake of more consistent performance. When the yield-stability statistic (YSi)
was used, ten genotypes were selected with mean yield of 7.87 K/F. One of ten select-
ed genotypes was unstable. The selected genotypes of the highest YSi rank genotype
were the same selected genotypes on the basis (YA) Table (3).

Table 3 indicated that seven genotypes number 4, 9, 13, 17, 19, 21 and 23
were selected by four methods (YA, KRS, YSi and highest YSi). Mean vyield of YSi meth-
od was 7.87 K/F which recorded 0.62% reduction when compared with the (YA) meth-
od of selection.

These results indicated that the breeder would be able to choose more consis-
tently performing genotypes on the basis of KRS than YSi and YA. The breeder who is
more oriented toward yield than stability may prefer to use the YSi method and highest
YSi method (modified method).

Table 4 indicated that seven genotypes were selected on the basis of YA with
mean of 8.50 kenyar/feddan. The other methods were not useful because GE was in-
significant.

Table 5 showed that four of the seven selected genotypes on the basis (YA)
were unstable. Fifty bolls weight of these seven selected genotypes was 129.10 gm.
When selection was based on the KRS method, the same two unstable genotypes were
selected as those selected on the basis of YA. In addition, five selected genotypes
were stable. The fifty bolls weight of KRS selected genotypes was 126.93, which exhib-
ited reduction of 1.66% less than the mean of YA selected genotypes. So the breeder

may be willing to sacrifice 1.66% when he can get more consistent performance. When
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selection was based on YSi method 16 genotypes were selected with mean boll weight
of 126.01 gm. Eight out of the sixteen selected genotypes were stable. The higher YSi
rank genotypes were the same as those selected genotypes on the basis of YA. These
results suggested that KRS method was the best method due to less reduction which
the breeder may be willing to sacrifice when they are looking for more consistent per-
formance. Table 5 indicated that five genotypes number 3, 15, 17, 18 and 23 were se-
lected on basis of four methods. The suggested method improved the selection for
yield and stability.

Table 6 showed that eight genotypes were selected on the basis of YA with
mean earliness of 76%. Four out of the eight selected genotypes were unstable when
selection was based on KRS. Eight selected genotypes were stable with mean earliness
of 73.83% with reduction of 3.55% less than mean YA selected genotypes. When selec-
tion based on YSi method, 15 genotypes were selected with mean earliness of 74.03%
which has reduction of 2.3% less than mean YA selected genotypes four out of 15 se-
lected genotypes were unstable. When selection on the basis of highest rank of YSi 8
genotypes was practiced, three of these genotypes were unstable. These higher rank
YSi selected genotypes have mean earliness of 75.92% with reduction of only 0.10%.
These resuits indicated that KRS was the best method for selection for stable geno-
types and for selection of the highest rank of YSi and was also the best for selection
for earliness. Three genotypes were selected on the basis of the four methods.

CONCLUSION

The means of selected genotypes on the basis of KRS method, showed insignifi-
cant reduction in the mean of selected genotypes on the basis of yield alone and yield-
stability statistic methods. So the breeder would be able to choose more consistently
performing genotypes on the basis of KRS. This suggested to modify yield-stability sta-
tistic (the highest Ysi) in order to improve the yield-stability statistic.
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Table 1. Genotypes of all crosses, their respective parents

and their origins.

No.|Genotypes Parent Origin
1 |H5 1189/96 |H4  1133/95-24 |G 45 x Bima S°
2 |H5 1196/96 |H4  1140/95-13 |G 45 x Bima S°
3 |H5 1204/96 |H4  1147/95-6 |G 70 x Bima S°
4 |H5 1225/96 |H4  1166/95-16 |G 70 x Bima S°
5 |H5 1241/96 |H4  1183/95-31 |G 87 x G 71
6 [H5 1263/96 |H4  1207/95-38 |(G 77 x Bima S°) x [G87 (G77 x G70)]
7 |H5 1284/96 |H4  1220/95-12 |(G 77 x Bima S°) x [G87 x (G77 x G70)]
8 |H6 1298/96 |H5  1245/95-37 |G 77 x Bima S°
9 |H6 1304/96 |H5  1256/95-6 |G 77 x Bima S°
10 |H6 1316/96 |H5  1264/95-29 |G87 x (G77 xG70)
11 |H6  1343/96 |H5  1276/95-29 |G87 x (G77 xG70)
12 |H6  1348/96 |H5  1279/95-29 |G87 x (G77 xG70)
13 |H7 1369/96 |H6  1360/95-5 |(G70xG51B) x (G77 x G45)
14 |H8 1379/96 |H7  1395/95-2 |G84 x G45
15 [H8 1387/96 |H7  1400/95-28 |G84 x G45
16 |H8 1400/96 |H7  1404/95-16 |G77 x [G84 x (G70xG51B)]
17 {H9 1404/96  |H8  1413/95-4 |G68 x G45
18 |H11 1414/96 |H10 1432/95-4 |G84 x (G74xG68)
19 |H11 1417/96 [H10  1432/95-18 |G84 x (G74xG68)
20 [H11 1425/96 |H10  1443/95-5 |GB84 x (G74xG68)
21 [H19 1434/96 |H18 1455/95-5 [G84 x (G70xG51B)
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Table 2. Mean squars of combined analysis of variance and partitioning of

genotype x environment interaction into heterogeneity and residual for

seed cotton yield, lint yield, boll weight and earliness.

M.S.

Source d.f. | Seed cottonyield | Lint yield | Boll weight| Earliness
Genotypes 2 _|27.25 ¥ 40.95 ** 1711.72 **1695.47 **
Environments 5 |864.84 ** 856.19 **|35748.6**19014.82*"
Interaction 135 (4.28 ** 4.63 209.76 **|132.3 **
Heterogeneity 27 11.35 5.65 * 43.15 25.39
Residual 108 |4.01 ** 3.5 201.13 **|127.33 **
Pooled error 810]1.97 7.74 85.42 83.58

* Significant at 0.05 level.

** Significant at 0.01 level.
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Table 3. Yield, yield rank (x), stability variance statistic ,qgm Kang’s rank sum (KRS), stability rating, mém statistic adjusted rank

and yield-stability (YS;).

Yield _12 | Rank |Stability Adjusted Ysi
No. yield ~ 42 sum rating 8,2 YS; higher
Rank Rank KRS SR rank selected

1 6.23 6 0.62 27 33 0 0.6 4 4

2 5.95 3 1.98 20 23 0 1.86 1 1

3 6.77 12 0.32 28 40+ 0 0.31 11 11

4 8.13 26+ 3.81 11 37+ -2 3.53 29 27+ +

5 6.03 4 9.31%* 3 7 -8 8.58** 2 -8

8 6.65 10 2.62 15 25 0 2.51 9 9

7 7.84 22+ 3.08 12 34 0 2.97 24 24+ &

8 6.85 13 2.12 13 26 0 2.8 12 12

9 7.56 20+ 2.56 16 36+ 0 2.32 22 22+ %
10 7.11 15 6.45** 8 23 -8 6.08" 16 8

11 6.89 14 4.25 10 24 -2 3.98 13 11

12 7.26 17 12.26** 2 9 -8 11.48°** 18 10

13 7.69 21+ 2.39 17 38+ 0 2.25 23 23+ +
14 6.45 7 0.74 26 33 0 0.71 6 6

15 6.22 5 7.69%* 7 12 -8 7.00%" 3 -5

16 7.15 16 7.96%* 6 22 -8 7.58** 17 9-

17 8.17 27+ 2.69 14 41+ 0 2.53 30 30+ i
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