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Abstract

Two populatic 1s of bread wheat ( 7riticum aestivum L.) were
used in selection fo drought tolerance in the F, F; and F4
generations during 1h three growing seasons 1998/99, 99/2000
and 2000/2001, respectively. Resuits of the drought susceptibility
index showed that thirteen and eight families from 120 families
representing the two populations, respectively were selected for
high grain yield showed high tolerance for drought stress, as well
as had low values of susceptibility index (DSI) from (0.53 - 0.96) of
population I and from (0.1 - 0.96) of population II. Stress
tolerance index (STI) varied from (61.55 — 99.07) of the F, families
in population I and from (72.60 — 98.07) of the population II.
Results of STI were in conformity with results of susceptibility
index (DSI). Phenotypic correlation under drought stress in the
population I revealed that grain yield had positive and significant
relationships with each of the number of spikes/plant, number of
kernels/spike, 100-kernel weight, biological yield/plant, harvest
index and number of days to heading in the F; and F, families
except for number of days to heading in the F; plants it was
negatively and significantly correlated. The same trend was
observed in the population II except for number of days to heading
in F, it was insignificant and negatively correlated. The number of
kernels/spike had insignificant and positive correlation in two
generations. The magnitude of genotypic correlation was positive
and significant for grain yield with each of the number of days to
heading, flag leaf area, flag leaf water loss (in the F4 families only),
plant height, number of spikes/plant number of kernels/spike, 100-
kernel weight, biological yield/plant and harvest index in the two
populations for F; and F4 generations, as well as it had negative
genotypic correlation with number of days to heading in F, families
and flag leaf water loss in two generations. From the results of this
study and these materials it can be concluded that these genotypes
could be used as sources of drought tolerance or factors
contributing to general adaptation or in releasing lines have high
grain yielding ability and high tolerance to drought stress.
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INTRODUCTION

Wheat is the world most important and most widely grown cere' rran. Its
importance is derived from the many properties and uses of its kernels, which make it
a staple food for more than one third of the world population (Poehiman, 1979). In
many parts of the world food is not sufficient enough due to the shortage in wheat
production. Phenotypic and genotypic correlation coefficients are very important in
plant breeding programs because they reflect the degree of genetic and non-genetic
association between characters. Knowledge of association between important traits
(favorable or unfavorable) is needed to any efficient plant breeding program. Longer
et al. (1979) showed that the genetic correlation coefficient in drought environments
and the genetic correlation are positive and close to one. EL-Hawary (2000) indicated
positive and significant correlation between grain yield and each of number of
spikes/m?, number of grains/spike at the highest soil moisture stress. The resuits
revealed that improving grain yield of wheat cultivars could be achieved via yield
components, number of spikes/plant, number of grains/spike and kernels weight.
Stress susceptibility was positively correlated with non stressed yield. This indicates
that some characteristics that contribute to yield potential may act to increase
susceptibility to stresses and that selection for both drought susceptibility and yield
potential may counteract each other.

A drought susceptibility index, which provides a measure of stress tolerance
based on a comparison of yield loss under stress with yield under optimum
conditions, rather than on per- se yield level, has been used to characterize relative
drought tolerance of wheat genotypes (Bruckner and Frohberg,1987). Gavuzzi et al.
(1993) stated that the years characterized by large yield differences between stressed
and non stressed environments are those with reduced variation in the drought
susceptibility index in 20 bread and durum wheat cultivars under evaluation of drought
stress. It is hoped that these results would assist wheat breeders to identifying new
strains of bread wheat characterized by high yield under drought stress. The main
objective of this study is to evaluate the selected families under drought stress and
the relationships of grain yield with other characteristics of bread wheat.
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MATERIALS AND METHODS

The present study was carried out during the 1998 /1999, 1999/2000 and
2000/2001 giowing seasons, at Shandaweel Agric Res. Stat., ARC, Ministry of Agric,
Egypt. The objective was to estimate the response of individual plant to selection (i. e.
pedigree selection) under drought stress, in early generations of the two bread wheat
(Triticumn aestivum L. em. Thel) populations. Correlations between grain yield / plant
and other traits, were calculated. On the other hand, the drought susceptibility of the
selected families were calculated for all characters under study. Four parents were
chosen for their diverse physiological and yield response to drought stress. The first
population was formed from crossing between Giza 165 x Nacozari — 76 and the
second population was derived from the cross Debeira x Cham 6. The two populations
were maintained by Shandaweel bread wheat breeding program.

In the 1998 / 1999 season, 1500 plants from the two populations were grown
in plots without replicates. Each plot consisted of 12 rows, 7m long, 30 cm. apart and
10 cm between plants within rows. Also, the parents and local check (Sahel 1) for
drought tolerance, were grown alongside in two rows for each one. The drought stress
was imposed during reproductive development by preventing any irrigation after
jointing stage. Data was collected on 600 harvested plants of each population. Grain
yield was recorded on each individual plant. The twenty highest and twenty lowest
yielding plants were selected, alongside with twenty random plants. In 1999/2000
season two field experiments were conducted with three replications. The first one did
not receive any irrigation after jointing stage (drought stress “D”). The second
experiment was also grown under supplemental water applied regularly as
recommended (Normal “N"). Each experiment comprised 60 F; families were formed
(20 high and 20 low yielding were selected and 20 random by selected families).
These entries were grown in a single row plots. Twenty plants were spaced in 10 cm a
part within 2 rows 30 cm apart in a Randomized Complete Block Design. In 2000/2001
season, in the F,; families entries, experimental design and the cultural practices were
similar to that used in F; and the recommended field practices for wheat production
were adopted over all the growing seasons. Sowing date were 28", of November in
the 1% season, 24™ Nov. in the 2™ season and 22™ Nov. in the third production

season. Data were recorded on individual plants on a random sample of ten guarded
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plants from each family in F; and F; generations. The mean of the ten plants were
subjected to the statistical and genetic analysis. The following measurements were
taken; days to 50 % heading, flag leaf area "cm®, and flag leaf water loss, the
technique of excised leaves outlined by Clark and Mc Caig (1982a), plant height (cm),
number of spikes per plant, number of kernels/spike, 100 kernel weight (gm),

biological yield/plant in grams, grain yield per plant (gm}) and harvest index %.

Analysis of variance were also performed separately for each moisture treatment
for random families in ten plants for each entry.

Phenotypic and genotypic correlation coefficients were calculated by Johanson
et al. (1955), as follows:
Phenotypic correlation rp xy = cov pxy / (opx . opy)
Genotypic correlation rg xy = cov gxy / (ogx . ogy)
— Drought susceptibility Index (DSI): was calculated according to the method of
(Fischer and Maurer 1978) using the following formula:
Drought density (D) = 1 — ;df xw
Drought susceptibility index (DSIs) =Y w=Y d/Y W.D
xd= Average yield of family under drought
;_w = Average Yyield of family without drought

Yw = yield potential without stress for single line

Yd = yield under drought for single line.

Stress Tolerance Index (STI), for grain yield were computed as formula used by
Farshadfar, et al. (2001) as follow:

STI =y, X ¥s / (¥,)* X 100 where

Y, grain yield under normal condition.

Y, grain yield under stress condition.

RESULTS AND DISCUSSION

I- Drought susceptibility index:

A drought susceptibility index was used to estimate relative stress injury
because it is counted for variation in vield potential and stress intensity, low stress
susceptibility (DSI < 1) is synonymous with higher stress tolerance (Fischer and
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Maurer, 1978). Results of drought susceptibility index for high and low grain yield
selection and random plants for two wheat populations, in the F; and F, generations
are presented in Tables (1,2,3& 4) and could be summarized as follows:

A: High grain yield selection: Results indicated that seven and eight genotypes in
the population I and II gave low drought susceptibility index {DSI < 1) in the F; and Fy
generations, while the genotypes no. (2, 9, 12, 13 and 14) in the population I and no.
(12 and 18) in the population II gave relatively high grain yield under drought stress
beside high tolerance for drought condition, while the magnitude of stress tolerance
index (STI) for grain yield ranged from (61.55 — 99.07 %) from (72.60 — 98.07 %) in
the F4 generation for two populations, respectively. The results of STI were correlated
with results of DSI and the correlation values were ranged from r= -0.88 to 2 0.99 for
population I (Tables 182) and from r = -0.77 to -0.99 for population II (Tables 384) .

B: Low grain yield selection: Data cleared that five and nine families in the
population I and II respectively had low drought susceptibility index in the F; and F,
generations, but the families which were superior for drought tolerance and exhibited
high grain yield were no. (6, 7 and 17) in the population I and no. (7, 11, 12 and 18)
in the population IL. Therefore, STI for grain yield for populations I and II varied from
74.23 to 96.18 % and 72.25 to 97.09 % in the F, generations, respectively.

C: Random plants (unselected): Results showed that six families in both
population revealed low drought susceptibility index. On the other hand the families
no. (3, 5, 9, 15 and 20) and no. (15 and 19) in the population I and II, respectively,
had relatively high grain yield under drought stress and exhibited high tolerance for
drought, but STI values ranged from 70.67 — 94.90 % and 69.16 — 94.37 % for
populations I and II, respectively. These results of STI for grain yield were in
conformity with the results obtained from drought susceptibility index (DSI).

Results of drought susceptibility index (DSI) and stress tolerance index (STI)
indicated that, 13 families in population I and 8 families in population II which had
relatively high grain yield under drought stress and low drought suscei;tibility index
(tolerance for drought), could be used as source of drought tolerance or factor
contributing to general adaptation and Ca;l be used in breeding programs to produce



1232

Breeding for drought tolerance and the association

of grain yield and other traits of bread wheat

lines or cultivars having high grain yield ability and high tolerance for drought stress.

Similar results were obtained by Kheiralla et a/. (1993) and Farshadfar et af. (2001).

A grain yield-based, stress susceptibility index was used to estimate relative
susceptibility to stress because it adjusts for variation in yield due to differences in
genotypic yield potential and environments stress intensity. Low stress susceptibility

for drought (DSI < 1) is synonymous with higher stress resistance (Ehdai and Waines,

1989).

Table 1. Grain yield (G.Y), drought susceptibility index (DSI), stress drought index
(STI) and correlation (r) between DSI and STI of high, low yield selection
and random plants in the F; families for wheat population I.

Population T
F:z"y Highest Lowest Random
GY GY GY
pst | sm DSI sTI ot | ST
N_ D N_ D N D

1 1553 | 1240 | 1.01 | 7985 | 1371 | 9.97 | 152 | 7272 | 1460 | 985 | 141 | 67.46
2 1385 | 1114 | 096 | 8043 | 1516 | 1280 | o066 | 8443 | 1258 | 1002 | 088 | 79.65
3 1591 | 1138 | 118 | 7153 | 1617 | 1051 | 171 | 6499 [ 1424 | 1202 | o068 | 8441
4 1211 | 986 | 094 | 8142 | 1504 | 1208 | 100 | 8032 | 1590 | 12.64 | 0.89 | 79.50
5 1416 | 1045 | 131 | 7380 | 13.02 | 1110 |o050 | 8525 | 1548 | 1269 | 078 | 8198
6 1625 | 1119 | 156 | 68.86 | 1524 | 1330 | o071 | 8727 | 1448 | 1065 | 115 | 7355
7 1555 | 1390 | 053 | 89.39 | 1338 | 1295 |08t | 979 | 1355 | 860 | 159 | 6347
8 1441 | 1141 | 104 | 7918 | 14.05 | 1169 | 093 | 8320 | 1350 | 1057 | 0.94 | 7830
9 1495 | 1291 | 098 | 8635 | 1500 | 1187 | 116 | 79.13 | 1459 | 11.81 | 0.83 | 80.95
10 | 1384 | 1061 | 117 | 7666 | 1491 | 976 | 192 | 65.46 | 13.87 | 11.08 | 081 | 79.88
1 1940 | 853 |169 | 59.24 | 1717 | 1262 | 209 | 7350 | 1253 | 1097 | 054 | 87.55
12 | 1470 | 1245 {077 | 8469 | 1330 | 1035 |126 | 7730 | 1513 | 1087 | 122 | 7184
13 | 1448 | 1236 | 082 | 8536 | 1417 | 1249 | 1.05 | 8109 | 13.06 | 1040 | 0.88 | 79.63
14 | 1528 | 1237 |09 | 8095 | 1453 | 1220 | o086 | 8458 | 13.06 | 1001 | 1.02 | 7665
15 | 1519 {1194 | 107 | 7860 | 13.08 | 13.05 | 036 | 9977 | 1409 | 1088 | 099 | 77.22
16 | 1588 | 1257 | 106 | 7616 | 1322 | 1047 | 116 | 7920 | 1355 | 1027 | 105 | 7579
17 | 1460 | 1293 | 057 | 8856 | 1379 [ 1193 |o075 | ses1 | 1291 | 959 | 112 | 7428
18 | 1398 | 1094 | 100 | 7825 | 1380 | 1075 | 122 | 7790 [ 1451 | 1005 | 133 | 69.26
19 | 1408 | 1123 | 101 | 7975 | 1500 | 1247 [o093 | 83.13 | 1360 | 1137 | 071 | 8360
20 | 1589 | 1200 | 120 | 7600 | 1285 | 1185 [043 | 9222 | 1428 | 1143 | 087 | s0.04

Mean | 1475 | 11.63 14.03 | 11.73 1398 | 1078

tSDges | 176 | 171 183 | 1.80 165 | 159

Correlation ( 1) -0.95%* -0.88%% - 0.99%*
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Table 2. Grain yield (G.Y), drought susceptibility index (DSI) and stress drought index
(STI) and correlation (r) between DSI and STI of high, low yield selection
and random plants in the F,4 families for wheat population I.

Population T
Family Highest Lowest Random
No. GY GY GY
DSt STI DSl STl DSI STL
N D N D N _D
1 2426 | 19.45 | 1.42 | 80.17 | 2016 | 17.03 | 1.04 | 8447 | 23.04 | 1759 | 1.51 | 76.35
2 2424 | 2224 | 059 | 9175 | 19.89 | 1754 | 0.79 | 88.19 | 17.96 | 1598 | 146 | 88.98
3 2308 | 2030 | 085 | 8795 | 23.00 | 17.59 | 1.57 | 76.48 | 23.33 | 2083 | 0.63 | 89.28
4 2109 | 1871 | o081 | 8872 | 1754 | 1547 | 0.78 | 88.20 | 2033 | 17.10 | 093 | 84.11
5 1947 | 1648 | 1.10 | 84.64 | 1938 | 1687 | 0.86 | 87.05 | 21.14 | 19.09 [ 0.57 | 90.30
6 2230 | 1749 | 112 | 7843 | 2292 | 19.57 | 097 | 8538 | 28.67 | 2060 | 166 | 71.85
7 1889 | 1741 | 053 | 9216 | 2061 | 20.13 | 0.16 | 97.67 | 19.02 | 1878 | 0.07 | 98.74
8 2484 | 1528 | 275 | 61.55 | 2448 | 1609 | 228 | 6573 | 21.82 | 1542 | 173 | 70.67
9 1938 | 1920 | 007 | 99.07 | 1865 | 17.85 [ 0.38 | 9571 | 20.40 | 1936 | 030 | 94.90

10 26.59 | 1949 | 1.51 73.30 | 19.61 | 14.98 | 1.57 76.39 | 22.83 | 18.79 1.04 | 82.30
11 23.04 | 1849 | 1.10 80.25 | 19.70 | 18.94 | 0.25 96.14 | 25.57 | 1887 | 1.54 | 73.80
12 21.81 | 2041 | 045 93.59 | 22.96 | 20.19 | 0.80 87.94 | 2235 | 17.05 | 139 | 76.29
13 20.88 | 18.36 | 0.86 87.93 | 19.50 | 18.53 | 0.33 95.03 | 2491 | 18.85 | 143 | 7567
14 20.74 | 19.14 | 0.52 92,29 | 19.01 | 14.82 | 1.47 77.96 | 16.38 | 1458 | 0.65 | 89.01
15 19.89 | 19.14 | 0.27 96.23 | 2429 | 19.03 | 1.44 7834 | 2322 | 20.82 | 0.61 | 89.66
16 18.54 | 17.09 | 0.69 92.18 | 21.58 | 16.19 | 1.67 75.02 | 2335 | 17.61 144 | 75.42
17 2230 | 17.23 | 1.67 77.26 | 18.98 | 18.84 | 0.29 99.26 | 19.21 | 1765 | 048 | 91.88
18 1854 | 17.23 | 0.50 92.93 | 22.14 | 19.12 | 0.91 86.36 | 22.61 | 2041 | 055 | 90.27
19 19.74 | 16.01 134 81.10 | 21.39 | 16.94 | 1.39 79.20 | 2243 | 17.98 1.17 | 80.16
20 2522 | 18,58 | 1.79 73.67 | 22.65 | 17.69 | 1.67 78.10 | 19.23 | 18.03 | 037 | 93.76

Mezn 21.74 | 18.39 20.92 | 17.67 2189 | 18.26

LSDg s 240 | 2.33 2.66 | 2.45 247 2.25

Correlation (r) -0.97** -0.99%* -0.94%*
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Table 3. Grain yield (G.Y), drought susceptibility index (DSI) and stress drought index
(STI) and correlation (r) between-DSI and STI of high, low yield selection
and random plants in the F; families for wheat population II.

Population II
Family Highest Lowest Random
No. GY GY GY
DSI STl DSI STl DSI STI
N D N - D N D

1 17.54 | 12.70 197 | 7241 15.82 9.42 274 | 59.54 | 13.75 | 1145 | 098 | 83.27
2 17.84 12.20 2.28 | 68.39 | 17.10 | 11.40 | 1.62 | 66.67 | 16.21 13.76 | 0.89 | 84.89
3 12.37 | 10.56 1.04 | 8537 | 16.68 | 11.38 | 1.73 | 68.23 | 13.54 | 13.04 | 022 | 96.31
4 1833 9.87 3.15 53.85 | 1753 | 1362 | 137 | 77.70 | 13.40 | 10.99 | 1.02 | 82.01
5 11.53 | 10.36 0.72 89.85 | 17.36 | 16.36 | 0.82 | 94.24 | 11.40 8.52 148 | 74.74
6 1317 | 1174 | 0.78 89.14 | 13.85 | 1357 | 0.21 | 97.98 | 13.73 | 1062 | 1.25 | 72.35
7 13.01 12.39 034 | 9523 | 1452 { 13.11 | 0.69 | 90.29 | 16.85 | 15.06 | 0.63 | 89.38
8 1588 | 13.87 | 063 87.3¢ | 1532 | 13.74 | 0.74 | 89.69 | 16.03 9.96 223 | 6213
9 1585 | 12.70 142 80.13 | 16.05 | 13.57 | 1.10 | 84.55 | 15.60 1404 { 0.59 | 90.00
10 17.52 | 14.39 1.04 | 8213 | 12.83 | 11.96 | 048 | 9322 | 1498 | 13.09 | 0.74 | 87.38
11 13.96 | 1240 | 0.80 88.83 | 14.57 | 12.62 | 0.96 | 86.62 | 16.90 | 1494 | 0.68 | 88.40
12 1533 | 13.28 | 0.96 | 86.63 | 1575 | 13.58 | 0.98 | 86.22 | 12.63 | 11.3¢ | 0.60 | 89.79
13 11.14 | 10.16 0.63 | 91.20 | 18.05 | 1468 | 1.33 | 8133 | 1272 | 12.05 | 031 | 9573
14 13.96 | 13.59 0.16 | 97.35 | 1535 | 13.70 | 0.77 | 89.25 | 13.68 | 11.23 | 10.5 | 82.09
15 1520 | 13.82 0.65 | 90.92 | 1448 | 12.89 | 0.63 | 89.02 | 13.79 | 11.57 | 0.95 | 83.90
16 18.96 | 14.95 151 | 78.85 | 14.52 9.52 246 | 6556 | 17.88 | 1257 | 1.75 | 70.30
17 17.54 | 13.30 1.40 75.83 | 1395 | 13.56 | 0.66 | 97.20 | 1575 | 13.30 | 0.91 | 84.44
18 14.80 | 12.84 0.84 | 86.76 | 12.09 | 11.10 | 0.58 | 91.81 16.87 | 10.37 | 2.27 | 61.47
19 16.76 | 15.52 0.53 | 92.60 | 1245 | 10.92 | 0.88 | 87.71 | 11.26 9.74 0.79 | 86.50
20 13.81 13.68 0.10 | 99.06 | 1534 | 13.08 | 1.06 | 8527 | 1512 | 13.77 | 0.52 | 91.07

Mean 1523 | 12.72 15.18 | 12.69 14.60 | 12.20

Correlation (r ) - 0.94%* - 0.95%* - 0.99**
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Table 4. Grain yield (G.Y), drought susceptibility index (DSI) and stress drought index
(STI) and correlation (r) between DSI and STI of high, low yield selection
and random plants in the F, families for wheat population II.

Population IT
Family Highest Lowest Random
No: GY oy ] Gy
pst | sm pst Tt pst | sm
N_ D N D N_D
1 | 1735 | 1634 | 053 | 9418 |18.96 | 1795 | 043 | 9568 | 2213 | 1882 | 1.07 | 85.04
2 | 1720 | w51 | 142 | 8436 [ 1037 | 1809 | 066 | 9339 [ 2036 | 1691 | 115 | 83.88
3 | 1821 | 1581 | 120 | 8682 | 1869 | 17.58 | 059 | 9406 | 2045 | 1678 | 128 | 8205
4 | 1862 | 1805 | 027 | 9699 | 2005 | 1796 | 143 [ 8573 | 1730 | 1619 | 046 | s3s
s | 1865 | 1596 | 131 | 85.58 | 2089 | 17.94 | 141 | 8588 | 17.25 | 1436 | 119 | 8325
6 | 183¢ | 1732 | 051 | 9444 | 1801 | 1677 | 069 | 9301 | 1705 | 1674 | 013 | 9818
7 | 1941 | 1504 | 022 | 7800 | 1988 | 1802 | 0.94 | o064 | 1773 | 1657 | 0.43 | 9345
8 | 2084 | 1513 | 244 | 7260 | 1782 | 17.46 | 0.19 | 97.98 | 1963 | 1583 | 141 | s0.64
o | 2141 | 1842 | 123 | 8603 | 2067 | 1828 | 111 | 88.44 | 1920 | 17.07 | 079 | s9.m
10 | 2129 | 1966 | 070 | 9234 | 1839 | 17.24 | 0.63 | 9375 | 1947 | 1793 | 086 | s209
11 | 1660 | 1522 | 078 | o169 | 2120 | 2054 | 031 | 9689 | 17.16 | 1420 | 123 | 8275
12 | 2009 | 1962 | 021 | 9766 | 1989 | 1843 | 0.27 | 9266 | 17.04 | 1551 | 064 | 9102
13 | 1869 | 1779 | 052 | 9518 [ 1918 | 1533 | 201 | 7993 | 1728 | 1382 | 143 | 79.98
14 | 1833 | 1766 | 033 | 9634 | 1769 | 1684 | 048 | 9520 | 2328 | 19.47 | 116 | 8363
15 | 2303 | 1947 | 141 | sas4 | 2100 | 1553 | 263 | 7395 | 1900 | 1818 | 031 | 9568
16 | 1876 | 1632 | 117 | 8699 | 1868 | 1808 | 032 | 9679 | 1754 | 1213 | 220 | e9.16
17 | 2049 | 1915 | 059 | 9346 | 1677 | 1363 | 169 | 8128 | 2217 | 1828 | 125 | 8245
18 | 1934 | 1829 | 049 | 9457 | 1932 | 1806 | 0.65 | 9348 | 2138 | 1861 | 092 | 87.04
19 | 2142 | 1815 | 139 | 8473 | 1546 | 1117 | 243 | 7225 | 1936 | 1827 | 040 | 9437
20 | 1949 | 1765 | 085 | 9056 |18.15 | 1695 | 066 | 9339 | 17.84 | 1348 | 175 | 7556
Mean | 1938 | 17.28 1899 | 17.09 1913 | 1646
LSDoes | 283 | 290 307 | 25 208 | 170
Comrelation (1) - 0.77%% -0.98% -0.90%

II- Phenotypic and genotypic correlation coefficient:
A correlation that exists between economic characters may facilitate the
interpretation of results already obtained and provide the basis of planning more
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efficient programs for the future. Results in table (5 and 6) indicated that the
phenotypic correlation for grain yield in the population I under drought stress was
positive and significant or highly significant with each of days to heading (0.62), plant
height (0.58), number of spikes/plant (0.79), number of kernels/spike (0.46),
biological yield (0.63) and harv&s:c index (0.34), but it was positive and insignificant
with each of flag leaf area (0.29), flag leaf water loss {0.25 )and 100-kernel weight
(0.19) of the F; generation.

Meanwhile the phenotypic correlation of the population II in the F, families was
positive and significant or highly significant among grain yield and each of number of
spikes/plant (0.97), 100-kernel weight (0.34), biological yield (0.78) and harvest index
(0.32), while it was negative and insignificant with days to heading (-0.10), flag leaf
water loss(-0.15). On the other hand, it was positive and insignificant with each of flag
leaf area (0.16), plant height (0.29), and number of kernels/spike (0.17). The
magnitude of the genotypic correlation in the F; generation for grain yield under
drought stress was positive and significant with all studied traits, except harvest index
for population 1. While it was positive and significant with flag leaf area, plant height,
number of spikes/plant, 100-kernel weight, biological yield and harvest index, it was
negative and insignificant with days to heading and flag leaf water loss in the
population IT .

These results suggest that substantial genetic variability exist among genotypes
of the studied characters and selection is likely to be useful in improving characters as
heading date, number of spike / plant, 100 kernel weight and biological yield for
improving grain yield under drought stress. These results ére in line with Hamada,
(1988), Ehdaie and Wines (1989), Busch and Rauch, (1993) and Tammam ef al.
(2000), while Kherialla ef a/, (1993) reported the phenotypic and genotypic correlation
coefficient in the F3 families between grain yield and each of heading date (0.20) and
(0.29), plant height (0.08 and 0.10), number of spikes / plant (0.45 and 0.67) and 100
kernel weight (0.07 and 0.13). Furthermore, Tammam (1995), concluded that positive
and significant phenotypic and genotypic correlation coefficient in the F; families
betwéen grain yield and each of number of spikes / plant (0.38 and 0.33), number of
kernels / spike (0.48 and 0.33), 100-kernel weight (0.52 and 0.58) and harvest index
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(0.39 and 0.38), while it was negative and significant with days to heading (-0.22 and

-0.40).

It is evident from the present study that knowledge of the phenotypic and
genotypic correlation help the breeders to improve the efficiency of selection by using
the favorable combinations ‘of traits under drought stress and to minimize the
retarding effect of negative correlation. High yield under stress conditions is associated

with morphological and physiological characters, which are different from those

associated with high yield under optimum conditions.

Table 5. Phenotypic (rp) and Genotypic (rg) correlation coefficients from F; and Fs
generations population I of wheat for grain yield / plant and all other traits

studied under normal and drought stress.
Graln yield / plant
Normal Drought
Character
B Fa
i) g o) Rg p g P Rg

Days to heading -0.90%* 0.19 0.27 -0.33% | -0.32* | 0.62%F | 0.75%*

0.67**
Flag Jeaf area -0.24 | -042¢* | -003 -0.04 0.16 0.24 0.29 0.47%%
Flag leaf water loss 0.04 0.06 0.04 0.09 -0.04 -0.06 0.25 0.36*
Plant height -0.16 -0.23 030 0.17 0.26 0,35+ 0.58** | 0.93*
Number of spikes /

0.35* 0.27 0.57%* 0.64** 0.37* 0.56%* 0.79%* 0.46%*
plant
Number of kernels /

0.41%* 0.62** 0.36% 0.51%* 0.44% 0.59%* 0.46%* 0.76%*

| spike

100 kernel weight 0.32% 0.51%* 0.07 0.10 0.32* 0.60%* 0.19 0.36*
Biological yield 0.48%* 0.56** 0.60%* 0.62%* 0.51%* 0.82** 0.63%* 0.92%*
Harvest index 0.37* 0.37* 0.10 0.12 0.56** 0.64%* 0.34* 0.31

* g **Sjgnificant at 5 % and 1 % levels of probability, respectively.
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Table 6. Phenotypic (rp) and Genotypic (rg) correlation coefficients from F3 and F4
generations population II of wheat for grain yield / plant and all other traits

studied under normal and drought stress.

ﬂﬁﬂmﬁ
Normal

Drought
Character
Fq Fy
Ls:] rq i) Rg P g Ls2] o
Days to heading 0.25 0.29 -0.10 -0.11 0.47** | 0.69%* -0.10 -0.16
Flag leaf area 0.36%* | 0.36%* -0.07 -0.13 ' 0.04 0.14 0.16 0.32%
flag leaf water loss -0.07 -0.03 0.09 0.07 -0.06 -0.11 -0.15 -0.14
Plant height 0.05 0.10 0.29 0.32% 0.04 0.15 0.29 0.44%*
Number of spikes / plant 0.44%* 0.73%* 0.59%* 0.86** 041 0.44%* 0.97** 0.83%*
Number of kernels / spike 0.41%* 0.51%* 1 0.49%* 0.38* 0.15 0.11 0.17 0.13
100 kernel weight -0.08 -0.23 0.37* 0.39* 0.29 0.41%* 0.34% 0.88%*
Biological yield 0.42%% | 0.57** | 0.78%* | 0.87%* 0.23 0.38% 0.78%* 0.41%*
Harvest index 0.56%* 0.48** 0.36* 0.40% 0.71%* 0.75%* 0.32% 0.33*

* & **Significant at 5 % and 1 % levels of probability, respectively.
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