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ABSTRACT

Increased productivity of wheat particularly under saline conditions is a desired goal
in irrigated areas in Egypt. Two experiments were conducted to study the salt tolerance
variability among 12 Egyptian wheat cultivars at germination-and maturity stage. Treatments
included five salinity levels (0.5, 4.7, 9.4, 14.0, and 18.8 dS/m) constructed by adding NaCj
and CaCl; salts {2 : 1, molar weight) . At germination, no signifi cant reduction { p 5 0.05) in
the final germination percentage and rate of germination ( % day™) with salinity of irrigation
water up to 9.4 dS/m. Regardless of salinity, the highest emergence was recorded for Sakha
94 followed by Sakha 93 and Giza 168, whereas it was the lowest for Beni Sweif 3 then Beni
Sweif 1. The germination percentage of different cultivars was also variable among different
salinities. The cultivars Sakha 94, Sakha 93 and Line3 Nubaria were the most salt tolerance
at germination stage, while Beni Sweif 1, Beni Sweif 3, Sohag 2, and Sohag 3 were the most
sensitive. At maturity, increasing salinity of irrigation water up to 18.8 dS/m decreased
significantly {( p < 0.05) grain yieid, number of tillers/pot, number of spikes/pot, number of
kernels /spike, 1000-kernels weight, days to heading, days to maturity and plant height.
Depending on cultivars means over all salinity treatments Line3 Nubaria and Gemmiza 9
gave the highest grain yield , while Beni Sweif 3, and Sohag 2 illustrated the lowest. |ine3
Nubaria produced the greatest number of tillers/pot and number of spikes/pot, while Giza168,
Gemmiza 10, and Line3 Nubaria had the highest number of kernels/spike. The maximum
1000-keme! weight was measured for Gemmiza 7, and maximum biological yield was
recorded for Gemmiza 9. Days to heading were the highest for Line3 Nubaria and Gemmiza 9
and days to matusity were the highest for Sids 1, Gemmiza 9 and Line3 Nubaria. Finally,
Gemmiza 7 and Gemmiza 9@ were the fallest cultivar , while Sakha 93. and Beni Sweif 1 were
the shortest Giza 168 had the highest relative yield among the other cultivars at salinity level
of 18.8 dS/m. followed by Gemmiza 10 and Sakha 93 . Whereas, Beni Sweif 1, Beni Sweif 3,
Sohag 2, and Sohag 3 produced the lowest relative yields among the other cultivars and the
yield reduction percentage at the highest salinity level were the greatest . On the basis of Cg (
salinity of saturation extract at which grain yield reduced by 50 %) , the data indicated that
Giza 168, Gemmiza 7 and Gemmiza 10 were the most salt tolerance, whereas the cultivars
Sohag 2, and Sohag 3 were the most salt sensitive. However, Productivity of wheat under
saline conditions requires high yield potential under nen-saline conditions and low reduction in
yield with increasing salinity.
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INTRODUCTION

Salinity is a wide spread problem in arid and semi-arid regions and
seriously affects productivity of cereals in irrigated lands. Increasing food
production to meet the needs of the increasing world population on a
sustainable basis remains the primary goal of all nations ( Kaddah and
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Rhodes, 1975). Wheat is one of the important cereal crops for human
consumption, especially for the developed countries and much of this
wheat grown on soils where salinity already exist or may develop. The
inhibitory effect of salinity on plants as a consequende of high salts
concentration level has been aftributed to water deficit, salt toxicity, or
nutritional imbalance (Greenway and Munns, 1980). The plant breeders are
attempting to look for seedlings, which are tolerant to salinity. Wheat
(Trticum aestivum L.) is classified as a moderately sait tolerance crop
according to Maas and Hoffman (1977). improving the salt tolerance of
crop requires access to new genetic diversity (either natural or transgenic),
and efficient techniques for identifying salt-tolerance. There is probably a
wide range of genetic diversity in salinity tolerance in international
collections that is undiscovered or under utilization. Screening large
numbers of cultivars for salinity tolerance in the field is difficuit, due to
spatial heterogeneity of scil chemical and physical properties, and to
seasonal fluctuations in rainfall. Large numbers of bread and durum wheat
cultivars have been screened for salt tolerance (Mass and Hoffman, 1977;
Kingsbury and Epstein, 1984; Francois ef al, 1986; Munns and James,
2003). Trails in Egypt for salt tolerance studies on wheat were conducted
by many investigators have shown that there were significant variations
between cultivars or cultivars under study (Barakat et al., 1970; Omar and
Ghowail, 1991; El-Haddad et al, 1993, Shalaby ef al., 1993 Hanna et al,,
1999; Gawish et al., 1999).

Increasing wheat production in the arid regions may require seeding
species which can germinate and persist in saline and rapidly drying
seedbeds. Germination in soils is limited by low-soil matric and osmotic
potentials and possibly toxic concentrations of .specific ions. Because
germination and seedling salt tolerance may riot be correlated for particular
plant {Roundy et al., 1983), both germination and seedling studies are
necessary in evaluating plant material adaptability to saline lands and
saline condition.

This study was initiated to determine the salt tolerance variability
among 12 Egyptian wheat cultivars.

MATERIALS AND METHODS

Greenhouse study was conducted at Soil Salinity Laboratory,
Alexandria, Egypt to evaluate the relative salt tolerange of 12 wheat
cultivars during 2005/2006 growing season (Table 1). Seeds of the wheat
cultivars were supplied by Wheat Research Department, Field Crop Res.
Institute, Agricultural Research Center. The cultivars were chosen to give a
wide range of cultivars that being used by Ministry of Agriculture, Egypt.
Experiment I:

Germination of wheat cultivars was carried out at salinity of 0.5
(control), 4.7, 9.4, 14.0, and 18.8 dS/m .Three replicates of 25 seeds each
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were planted in earthen pots filled with fine and washed sand. Seed
germination counts were made daily over a 21-days period. Measuring
germination was continued until no further germination occurred. Average
rates of germination were calculated after Maguire (1962) where :

Average germination rate ( % day') = %[ g- g g1 i]in which g is
the total germination percentage on an incubation day i minus the total
germination percentage on the pervious day g;., divided by the incubation
day i. Main effects and interactions of cultivars and salinity of irrigation
water were tested for significance.

Experiment ll:.

A bulk soil samples were collected from Beherah Governorate, air
dried and ground to pass 2- mm sieve. The experimental soil was sandy
clay loam in texture with 2.0-2.8 % CaCO;; 7.8 — 8.0 pH; and 1.6- 2.8 EC, (
electrical conductivity of the saturated paste extract). The experimental
design was a randomized complete block consisting of 5 salinity treatments
(0.5 (control), 4.7, 9.4, 14.0, and 18.8 dS/m ) and 12 cultivars as presented
in Table 1. Each treatment was replicated 5 times.

Seeds of each wheat cultivars was planted till maturity in plastic
pots 35 cm in diameter and 30 cm in depth. During the first two weeks, the
pots were irrigated with tap water untii emergence. Thereafter, the
seedlings were thinned to 5 seedlings /pot. Nitrogen fertilizer was applied at
the rate of 80 kg N/fed in the form of ammonium sulfate {20.5% N) at three
equal doses added at seeding, tillering, and before heading stage.
Phosphorus fertilizer was applied in the form of super-phosphate ( 15.5%
P,O;5) at the rate of 30 kg P,Osffed before planting. Two weeks after
planting, saline irrigation waters were prepared by adding NaCl: CaCl, (1:1
molar weight ratio) and applied in excess amounts to avoid salt
accumulation in the pots. All other cultural practices were applied as
recommended by the Ministry of Agricultural and Land Reclamation. At
harvest time, wheat grain yield, number of tillers/pot, number of spikes /pot,
number of kemels/spike, 1000-kernel weight, biological yield, days to
heading, days to maturity, and plant height were recorded. The results
obtained were statistically analyzed according to SAS (1985). LSD at 0.05
was used to compare the treatments means. Soil samples were taken from
each pot during the growth period and after harvesting. The average
electrical conductivity of the saturated- soil extracts ( EC. ) are give in Table
2.
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Table 1. Name and pedigree of the twelve wheat cultivars used in
the study during 2005/2006 season.
No. Name Pedigree

1 Sakha 93 Sakha 92/TR 810328
S 8871-18-28-15-08

2  Sakha 94 OPATA/RAYON//KAUZ
CMBW 90Y3180-0TOPM-3Y-010M-010M-
010Y-10M-015Y-0Y-0AP-0S.

Sids 1 HD2172/Pavon”8"//1158.57/maya74"S"Sd46-
48d-28d-1Sd-0Sd
Giza 168 MIL/BUC//Seri

CM93046-8M-0Y-OM-2Y-0B
Gemmiza7  CMH74 A.630/5X//Seri 82/3/Agent
CGM 4611-2GM-3CGM-1GM-0GM
Gemmiza 9 Ald “S”Huac”"S"/ICMH74A.630/5x
CGM4583-5GM-1GM-0GM
7 Gemmiza 10 MAYA 74"S"/ON//1160-147/3/BB/GLL/4/
CHAT "S" /5/ CROW"S”
' CGM 5820- 3GM-1GM-2GM-0GM
8 BeniSweif 1 Jo"S"/AAf/g "S"”

(o) BN S B

9 Beni Sweif 3 Corm "S"/Rufo "S”
CD4893-10Y-1M-1Y-OM

10 Sohag 2 Cr "S" /Pellcano//Cr"S"/G"S"
11 Schag 3 MexI"8"/Mgh/51792/Durum 6
12 Lined PFAUMWEAVER
Nubaria - CMBW 90M4-30-0Y-29KBY-0KBY-OM-ONUB.

Assessing salt tolerance among cultivars:

A salt-tolerance index has been developed by Van Genuchten
(1983) to compare the salt tolerance of various crops. This index has been
defined as conductivity of the saturation extract in dS/m associated with
50% reduction in yield using a response function equation as follows:

Y. =Yn/[1+(C/Cs)]
Where: Y = vield under non-saline conditions, ,
Cso = salinity in dS/m at which the yield is reduced by 50%, and p

= an empirical constant. This model was also applied to determine salinity
in dS/m corresponding to 50 % reduction in germination percentage.
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Table 2. Average electrical conductivities of soil saturated extract
ECe) under five saline irrigation waters under all studied cultivars.

Cultivar Salinity of irrigation water (EC;) — dS/m

0.5 4.7 94 14.1 18.8

Sakha 93 1.1 47 11.2 16.4 204
Sakha 94 1.5 4.8 10.6 16.6 216
Sids 1 2.2 4.5 11.8 156.5 21.9
Giza 168 1.2 7.6 10.4 15.4 22.1
Gemmiza 7 17 5.6 11.2 15.5 22.4
Gemmiza 9 1.6 6.2 12.0 16.3 19.3
Gemmiza 10 1.7 5.0 12.5 15.7 21.7
Beni Sweif 1 1.8 6.6 12.0 157 21.9
Beni Sweif 3 1.9 5.2 11.0 "17.9 216
Sohag 2 1.5 3.4 10.9 15.6 21.5
Sohag 3 1.4 5.8 10.8 15.7 22.0
Line3Nubaria 1.6 4.7 10.0 15.8 19.7
Mean 1.5 53 11.2 16.0 21.3

RESULTS AND DISCUSSION
Salinity effects on wheat germination:

Total germination percentage and rate of germination varied
statistically among cultivars and among salinity of irrigation waters ( Table
3). The results of the total germination percentage showed no significant
reduction ( p s 0.05) with salinity of irrigation water up to 9.4 dS/m . Over
wheat cultivars, emergence decreased from 98.0 to 30.0 % (almost 70 %
reduction) as salinity increased from 0.5 to 18.8 dS/m. To compensate for
the failure due to salinity influence on wheat seed germination suitable
increment in seeding rate should be determined according fo salinity level.
Regardless of salinity, the highest emergence was recorded for Sakha 94
followed by Sakha 93 and Giza 168, whereas it was the lowest for Beni
Sweif 3 then Beni Sweif 1. The cultivar Sakha 94 followed by Sakha 93
and Line3 Nubaria had the highest germination percentage at the highest
salinity level ( 18.8 dS/m), while Beni Sweif 1, Beni Sweif 3, Sohag 2 and
Sohag 3 showed the lowest, where no germination was detected.

On the other hand, germination rate ( %day") décreased significantly as
salinity of irrigation water increased from 0.5 to 18.8 dS/m (almost 80 %
reduction). Regardless of salinity, the highest germination rate was
recorded for Line3 Nubaria, whereas it was the lowest for Beni Sweif 3
then Beni Sweif 1, Sohag 3, and Sohag 2. At the highest salinity level (18.8
dS/m) Sakha 94 and Line3 Nubaria showed the highest germination rate,
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whereas, Beni Sweif 1, Beni Sweif 3, Sohag 2, and Sohag 3 had the lowest
germination rate.,

it is interesting to find that the cultivars Beni Sweif 1, Beni Sweif 3,
Sohag 2, and Sohag 3 were either had the lowest germination rate at low
and medium saline conditions or not able to germinate at high salinity.
Furthermore, Sakha 94 was lower than Sakha 93 or Gemmiza 10 or Line3
Nubaria in germination rate at non-saline conditions and in contrary Sakha
94 was the highest at high salinity.

Values of Cs (salinity of irrigation waters at which the germmatlon
percentage of wheat cultivars was reduced by 50%) were 20.48, 23.89,
16.69 , 18.45, 18.33, 16.14, 16.39, 12.67, 11.07, 12.58, 12.97, and 21.87
dS/m for Sakha 93, Sakha 94, Sids 1, Giza 168, Gemmiza 7, Gemmiza 9,
Gemmiza 10, Beni Sweif 1, Beni Sweif 3, Sohag 2, Sohag 3, and Line3
Nubaria, respectively. Once again, Sakha 94 Sakha 93 and Line3 Nubaria
were the most salt tolerance at germination stage, while Beni Sweif 1, Beni
Sweif 3, Sohag 2 and Sohag 3 were the most sensitive.

Salinity effects on grain yield, yield components, and growth
characters:

As shown in Table 4, the data indicate that raising salinity of
irrigation water decreased significantly grain yield by 23.3, 37.8, 49.3, and
57.1 % at 4.7, 9.4, 14.0, and 18.8 dS/m, respectively, as compared with
the control treatment. Number of tillers / pot, number of spikes /pot, number
of kernels / spike and 1000- kernel weight demonstrated the same trend.
Number of tillers/pot was less sensitive to salinity, being reduced by 16.0%
at saline water of 18.8 dS/m compared with 26.6%" for number of
spikes/pot, 20.6% for number of kernels/ spike, and 34.3% for 1000-kernel
weight. As a result, the decreased grain yield due to salinity could be
attributed to reduction of 1000- kernel weight, spikes number/pot, and -
number of kernels/ spike rather than reduction of number of tillers/ pot.
These results are in consistent with those obtained by earfier investigators
(Francois et al., 1986; Francois et al., 1988; Abdul-Halim et al., 1988; EI-
Haddad et al., 1993). The inhibition effect was also found for biological
yield, which showed a reduction of 48.2 % at the highest salinity level (
Table 4). Moreover, observations taken at harvest time showed that plants
grown at high salinity levels were significantly shorter and matured earlier
and reached to heading faster compared with those of the control.
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Table 3.Total germination percentage and germination rate (percentage day™)
as affected by salinity (S), wheat cultivars |, and their interactions (S x C).
Cultivar Salinity of irrigation water ( dS/m)
0.5 4.7 9.4 14.1 18.8 Mean
Germination percentage { %)

Sakha 93 100 100 100 70 60 86
Sakha 94 100 100 100 80 70 20
Sids 1 100 _100 100 75 30 81
Giza 168 100 100 100 70 50 84
Gemmiza 7 100 95 95 65 50 81
Gemmiza 9 100 100 100 80 15 79
Gemmiza 10 100 100 100 80 20 80
Beni Sweif 1 85 85 85 35 0 58
Beni Sweif 3 90 a0 45 40 0 53
Sohag 2 100 100 75 25 0 60
Sohag 3 100 100 70 35 0 61
Line3Nubaria 100 100 90 65 60 83
Mean a8 98 88 60 30

*LSDo.05) for Salinity (S) = 3.4, cultivars ( C) = 5.3 and interaction (G x
$)=11.7 )

Average germination rate ( % day’')

Mean
Sakha 93 20.0 14.3 14.3 54 4.3 11.7
Sakha 94 12.5 14.3 14.3 8.0 58 11.0
Sids 1 20.0 14.3 14.3 6.8 4.0 11.9
Giza 168 20.0 14.3 14.3 6.4 42 12.5
Gemmiza 7 43 79 79 54 47 8.1
Gemmiza 9 143 14.3 12.5 6.7 28 . 101
Gemmiza 10 20.0 20.0 14.3 6.7 38 12.8
Beni Sweif 1 85 741 28 1.8 0 4.0
Beni Sweif 3 57 6.3 2.3 2.0 03 33
Sohag 2 14.3 8.3 3.8 1.3 0.8 57
Sohag 3 10.0 7.1 3.7 1.8 0 45
Line3Nubaria 20.0 20.0 11.3 6.5 5.0 14.3

Mean 150 124 107 48 30

*LSD(o.05 for Salinity (S) = 1.2, Cultivars ( C) = 2.0 and interaction (C x §) =
4.2
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Table 4 . Salinity levei and cultivars effects on grain yield, yield components and
growth of 12 wheat cultivars.

GY BY TN sP K/SP  1000- DH DM PH

KW
g/pot g days cm
Salinity level (dS/m)
0.5 5736 16323 29.29 2565 55.06 4697 7942 11927 B8t77
4.7 4401 11625 2573 2198 5300 4288 79.23 11210 73.67
9.4 3566 106.77 2581 1885 4985 38392 79.06 110.81 7281
14.0 2908 5177 2519 1850 46.85 3355 78.79 109.02 69.69
18.8 2462 8365 2456 1883 4371 30.88 78.20 108.73 68.85

LSD{0.05) 3.05 6.22 149 053 313 1.35 0.53 1.02 1.66

Cultivars
Sakha 93 4160 108650 2415 2070 4995 4064 7585 11115 68.35
Sakha 94 4183 11400 2660 2135 5335 3944 7975 11025 76.00
Sids 1 4177 12675 26.80 2170 5080 3853 79,70 11345 7750
Giza 168 4028 106.756 2560 2035 5540 3691 7485 11110 7175

Gemmiza 7 3845 107.00 2265 1740 4985 4669 7735 111156 7895
Gemmiza 9 4600 15350 2990 2100 5145 4173 8175 11435 7805
Gemmiza 10 3530 10150 2745 1995 5530 3862 7885 11195 69.50
Beni Sweif 1 32.87 10225 2530 2100 4715 3895 B80.05 11120 69.50
Beni Sweif3 2917 8500 2570 2185 4395 3580 8045 11085 70.25
Sohag 2 2850 9525 2410 2040 3970 3261 7730 11110 7775
Schag 3 3551 11150 2580 2115 4415 3639 7850 11185 7295
Line3Nubaria 46.50 138.00 3225 2470 5520 3739 8180 11535 69.75
LSD(0.05) 3.81 9.65 27 082 486 2.10 0.83 1.58 257

GY= grain yield, BY= biological yield, TN= tillers number/pot, SP= spikes number/pot, KS= kemels
numbet/spike, 1000-KW= 1000- kernels weight, DH= days to heading, DM= days to maturity, PH= plant
height. LSD= least significant difference.

Cultivars Effects:

Depending on cultivars means over all salinity treatments (Table 4),
Line3 Nubaria and Gemmiza 9 were significantly higher than the other
cultivars giving grain yield of 46.50 and 46.0 g/pot, respectively. Whereas,
Beni Sweif 3 and Sohag 2 illustrated the lowest grain yield ( 29.17 and
28.50 g/pot, respectively). Line3 Nubaria produced the greatest number of
tillers/pot and number of spikes/pot (32.25 and 24.70, respectively}).
Giza168, Gemmiza 10, and Line3 Nubaria had the highest number of
kernels/spike { 55.04, 55.30, and 55.20, respectively), while Sohag 2 had
the lowest (39.70). The maximum 1000-kernel weight { 46.69 g) was
measured for Gemmiza 7 and maximum biclogical yield (153.50 g/pot) was
recorded for Gemmiza 9 (Table 4). Days to heading were the lowest for
Giza 168 (74.85 days) and were the highest for Line3 Nubaria and
Gemmiza 9 (81.8 and 81.75 days, respectively). Days to maturity were the
highest for Sids 1, Gemmiza 9 and Line3 Nubaria (113.45, 114.35, and
115.35 days, respectively). Finally, Gemmiza 7 and Gemmiza 9 were the
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tallest cultivars (78.95 and 78.05 cm, respectively), at the same time Sakha
93 was the shortest ( 68.35 cm).

Salinity x Cultivars interactions:

Salinity x cultivars interactions were significant for grain yield,
biological yield, number of tillers/pot, number of spikes/pot, number of
kermnels/spike, 1000-kernels weight , days to heading , and days to maturity
(Tables 5 and 6). The data of salinity x cultivars interactions indicate that,
for each cultivar under this study increasing salinity of irrigation waters from
0.5 to 18.8 dS/m decreased all characters of wheat cultivars. On the other
hand, grain yield of Line3 Nubaria and Gemmiza ¢ were the greatest under
non-saline conditions giving 75.2 and 67.9 g/pot, respectively. At saline
irrigation water of 18.8 dS/m Beni Sweif 1, Beni Sweif 3, Sohag 2, and
Sohag 3 provided the lowest grain yield production, although, grain yields
of the other cultivars were statistically similar to one another. Moreover,
Gemmiza 9 and Line3 Nubaria provided the highest biological yield ( p <
0.05), while Beni Sweif 3 was the lowest in non-saline environment. In
addition, Gemmiza 9 gave the highest biological yield at salinity level of
(18.8 dS/m), while Beni Sweif 1, Beni Sweif 3, and Sohag 2 produced the
lowest among the other cultivars (Table 5). Tillers number was the highest
in Line3 Nubaria followed by Gimmiza 10 at the highest salinity level, while
Sakha 93 was the lowest. The cultivars Sakha 93, Beni Sweif 3, and Line3
Nubaria offered the highest number of spikes/pot at non-saline conditions,
while Line3 Nubaria produced the highest under high saline level (Table 5).

Moreover, Line3 Nubaria, Giza 168, and Gimmiza 10 produced the highest
kernels /spike at the highest salinity level, whereas Sakha 93 gave the
lowest { Table 6). Similarly, 1000-kernel weight was the lowest for Sids 1,
Beni Sweif 3, Sohag 2, and Sohag 3 at the highest salinity levels (18.8
dS/m) , while the differences between the remaining cultivars were not
consistent and did not reach the 5% levels of significance. Sakha 93
reached to heading earlier than all other cultivars at the highest salinity
level. Sakha 94, Gemmiza 7, and Beni Sweif 3 were matured more rapidly
at non- saline condition, in addition there were no significant differences
among cultivars at high salinity levels ( Table 8).

Salt tolerance among cultivars:

The absolute yield of the wheat crop on saline soils is one of the
criteria for appraising salt tolerance. On this basis, Beni Sweif 1, Beni Sweif
3, Sohag 2, and Sohag 3 provided the lowest grain yield at the highest
salinity level compared to the other cultivars (Table 5) and there were no
significant differences between the remaining cultivars under this study.
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Table 5. Means of grain yield, biological yield, tillers number, and spikes number
of 12 wheat cultivars under 5 salinity treatments.

Salinity levels (dS/m)

¢ Salinity levels (dS/m)

Cultivars
0.5 4.7 9.4 140 188 0.5 T 47 9.4 14.0 18.8
Grain yield {g/pot) Biological yield (a/pot)
Sakha 93 64.37 4525 3525 3190 3120 17250 9875 8375 8875 8875
Sakha 94 61.75 4927 4290 2757 2765 16625 11125 103.75 9750 9125
Sids 1 62.90 4947 3865 3300 2480 176.25 160.00 11750 9375 86.25
Giza 168 5130 4100 4112 3495 3302 14500 111.25 105000 85.00 87.50
Gemmiza 7. 53.37 4787 3585 2985 2530 15000 12125 10250 8375 77.50
Gemmiza 9 6790 5342 4517 3413 2935 23500 14125 15750 11250 121.25
Gemmiza 10 48.32° 4382 30.70 28.05 2560 13375 108.75 9250 8875 8375
Beni Sweif1  51.42 36,77 3365 2842 1405 14125 10125 11500 91.25 6250
Beni Sweif3 4532 3065 2980 2205 1800 12000 8500 8125 7500 63.75
Sohag 2 50.02 3860 2372 1562 1450 14625 11125' 8000 7500 63.75
Sohag 3 56.42 4587 2817 2675 2032 160.00 12000 40125 10250 73.75
Line3Nubaria 75.20 46.00 4305 3662 3160 21250 13125 13500 11250 98.75
LSD(0.05}) 9.43 23.88
Tillers number/pot Spikes number/pot
Sakha 93 31.25 2425 2000 2400 2125 30.00 2250 17.25 17.25 16.50
Sakha 94 2050 2650 25.00 27.00 2500 2475 2175 1950 21.25 19.50
Sids 1 2025 2650 2675 2725 2475 2650 ‘2175 2200 19.50 i8.75
Giza 168 26.50 2350 3075 23.00 2425 2425 2125 20.00 18.00 18.25
Gemmiza 7 2575 2425 2200 19.00 2225 2125 2025 15.50 14.50 15.50
Gemmiza 9 2850 26.00 2025 2625 2450 2525 2175 21.00 19.00 18.00
Gemmiza 10 26.25 2725 2650 3000 2v25 2275 2150 18.75 18.25 18.50
Beni Sweif1 2825 2300 28675 2600 2250 2550 21.50 19.50 19.75 18.75
Beni Sweif3 3275 2175 25.00 2450 2450 29.00 18.25 21.75 19.25 2000
Sohag 2 2625 2625 2100 2175 2525 23.00 2325 18.00 18.25 18.50
Sohag 3 2700 2750 2500 2575 2375 2600 2275 19.75 17.75 19.50
Line3Nubaria 4025 3200 31.75 27.75 2950 2950 2625 2525 1925 2325
LSD{0.05) 572 2.02

When cultivars were compared based on grain yigld production under
saline conditions as a percent of maximum yield under non-saline control
conditions or relative salt tolerance, it was found that Giza 168 had the
highest relative yield (64%) among the other cultivars and had the lowest
reduction percentage in grain yield (36%) at salinity level of 18.8 dS/m
(Figure 1). At the same time, Gemmiza 10 and Sakha 93 were next to Giza
168 in their sailt tolerance giving relative yields of 53 and 48 %, respectively,
and had reduction percentages of 47 and 52 %, respectively, compared to
the control treatment. Whereas, Beni Sweif 1,. Sohag 2, and Sohag 3
produced the lowest relative yields among the other cultivars (27, 29, and 36
%, respectively), and the yield reduction percentage at the highest salinity
level were the greatest (73, 71, and 64 %, respectively). Means of Cs
(salinity of saturation extract in dS/m at which the grain yield of wheat
cultivars was reduced by 50%) were 16.11, 16.79, 15.83, 28.8, 18.91, 16.01,
20.86, 14.54, 15.68, 10.80, 12.48, and 14.19 dS/m for Sakha 93, Sakha 94,
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Sids 1, Giza 168, Gemmiza 7, Gemmiza 9, Gemmiza 10, Beni Sweif 1, Beni
Sweif 3, Sohag 2, Sohag 3, and Line3 Nubaria, respectively. Once more, the
data indicate that Giza 168, Gemmiza 7 and Gemmiza 10 were the most salt

tolerance, whereas the cultivars Sohag 2 and Sohag 3 were the most sait
sensitive.

Table 6. Means of kemels number/ spike, 1000-kernels weight, days to

heading, days to matunty of 12 wheat cultivars under 5 salinity
treatments.

Salinity levels (dS/m) ~ Salfinity levels (dS/m)
Cultivars
0.5 4.7 94 14.0 188 0.5 4.7 9.4 14.0 18.8
Ketnels number/spike 1000-kemels weight

Sakha 93 61.25 53.25 4975 4875 36.75 48.87 4728 3664 3846 31.94
Sakha 94 6225 58.25 50.00 5275 4350 46.98 4353 39.70 3364 33.33
Sids 1 51.50. 53.75 5525 4425 4975 45.02 43.76 3871 3447 2471
Giza 168 6225 61.25 53.00 50.00 50.50 41.12 39.59, 3866 34.34 30.83
Gemmiza 7 5550 4825 5100 4950 4500 5389 5031 47.93 4522 36.10
Gemmiza 9 5525 5425 5375 50.00 44.00 53.79 4491 4204 3285 35.04
Gemmiza10 60.75 5925 5500 4975 5175 4975 4435 3740 3029 31.34
Beni Sweif 1 4775 52,75 4300 48,50 43.75 51.76 38.88 3894 3375 3142
Beni Sweif3 4725 4275 4675 4525 37.75 4346 39.00 3619 3047 2988

Sohag 2 4400 4175 4050 3700 3525 39.89 3761 3400 2011 2246
Sohag 3 4925 5150 5050 3525 3425 4532 4368 3812 2741 2746
Line3Nubaria '63.75 59.00 4975 51.25 5225 4277 4171 3878 3265 31.03
LSD{0.05) 12.02 5.19
Days to heading Days to maturity
Sakha 93 76.8 750 760 763 753 1210 10905 107.7 108.7 108.7
Sakha 94 805 805 803 793 783 1165 1095 108.7 108.5 108.0
Sids 1 808 803 798 798 780 1207 116.7 111.7 1085 1095
Giza 168 748 735 748 753 780 1187 109.7 1095 107.7 107.7

Gemmiza 7 768 783 780 775 763 1160 113.0 110.7 1075 1075
Gemmiza 8 83.3 828 825 813 79.0 1225 1165 1120 1120 109.7
Gemmiza10 813 803 803 800 780 1222 1117 109.0 109.2 1075
BeniSweif1 80.0 800 800 795 795 1170 1120 109.0 1095 1085
BeniSweif3 815 . 803 803 783 780 1150 1135 108.2 108.7 108.2

Sohag 2 788 775 765 765 760 1182 1100. 109.7 108.7 1087
Sohag 3 79.0 785 785 785 775 1187 1135 1092 1085 1082
Line3Nubara 84.5 825 820 808 795 1225 1147 1187 111.0 109.7

LSD{0.05) 2.068 391

Previous studies have shown that high yielding wheat cultivars are
more salt sensitive to stress than cultivars with low yield potential. In this
context, Gemmiza 9 and Line3 Nubaria, for instance, produced the highest
yield potential on non-saline soil (Table §), but in the same time were
comparatively lower in salt tolerance. On the contrary, Giza 168, Gemmiza 7,
and Gemmiza 10 had the highest salt tolerance , indicated by Cs,, but they
produced relatively lower yield potential at non- salme treatments. Moreover,
Sohag 1 and Sohag 2 had the lowest yield potential at non-saline conditions
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and were the most salt sensitive. Thus, it would seem that vigor may be a
more important plant characteristic for salt- affected growing regions than salt
tolerance (Shannon, 1985). However, the importance of improving both salt
tolerance and high yield needs to be recognized in-any selection and
breeding program. This strategy makes the evaluation and'selection become
very difficult, and might create a problem in cultivars selection for salt
tolerance. ' _

Salt tolerance of the used wheat cultivars also indicates that the
cultivars Sohag 2, and Sohag 3 were the most salt sensitive at both
germination and maturity stage. This observation was not found for the
remaining cultivars. The results are consistent with those found by earlier
work initiated in bread wheat ( Ashraf and McNeilly,1998; Francois et
al.,1986), in durum wheat (Almansouri et al., 2001), and in barley { Norlyn
and Epstein, 1982). If one assumes that the soluble salts concentrations of
soil solution at field capacity is about twice that of a saturated-soil extract,
the equivalent Cs for grain yield expressed on the basis of soil water
salinity E,, would be twofold of the abovementioned values ( U.S. Salinity
Laboratory Staff , 1954). On this basis, the results suggest that the wheat
cuitivars under study were less tolerant to salinity at germination than when
salt stress was imposed during seedling stage.

4.7 dS/m wm 8.4 dS/m O 14 dS/m = 18.8 d3/m

Relative grain yield

Figure 1. Relative salt tolerance of grain yield of 12 wheat cultivars
under different salinity levels.
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