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ABSTRACT

A great concem is needed to sustain high wheat production in irrigated salt
effected areas through the use of salt-tolerant wheat genotypes. Therefore, a greenhouse
pot experiment was conducted at the Soil Salinity Lab of Alexandria. Egypt to study the salt
tolerance vanability among six wheat genotypes with check variety Sakha 8. Treatments
included five levels of irrigation water salinity. tap water (control treatment of 320 mg/L)
artificially salinized with commercial NaCl and CaCl; saits (1'1 by weight) to get the other
treatments, 1.e., 3000, 6000, 9000, and 12000 mg/L water salinity The corresponding
electrical conductivities of irrigation waters (EC,) were 0.50, 469 7.50, 11.25 and 15.0
dS/m At harvesting, chemical properties of soil were determined Morecver, biological yield.
grain yield, and yield components were recorded and statistically analyzed.

The results revealed a straight-line relationship between soil salinity ECs and
irrigation water salinity EC, with a highly significant correiation coefficient. Soil salinity was
increased proportionally by 1.24 dS/m for each increasing unit of applied water, At maturity,
increasing salinity of irrigation water up to 15.0 dS/m significantly reduced (P < 0.05) grain
yield, biological yield, spikes weight, number of tillers/pot, number of spikes/pot, number of
kemels /spike, 1000-kemels weight, and plant height. The decreased grain yield due to
salinity could be attributed to the reduction of spikes weight, 1000-kernel weight and number
of spikes/pot, rather than the reduction of number of tillers/pot or number of kernels/spike.

Over all salinity levels, Sakha 8 gave the highest grain yield, biological yield, spikes
weight, number of tillers per pot and number of spikes per pot. However, Geno.6 produced
the lowest biological yield, spikes weight and ranked after Geno.1 for grain yield. The
heaviest 1000-kemnels weight was recorded for Geno.1, while Geno.4 had the lowest value
Finally, Geno.6 was the tallest genotype, while Geno.4 was the shortest.

Data of salinity x genotypes interactions indicated significantly that the check
variety Sakha 8 insisted to be the highest for grain yield, biological yield, and spikes weight
either at non-saline or at the highest salinity level (0.50 and 15.0 dS/m, respectively). At the
highest salinity level, Sakha 8 had the lowest reduction percentage in grain yield (35.31%),
followed by Geno.2 (44.51%). Otherwise, Geno.6, Geno.5 and Geno.4 produced the
greatest reduction percentages (54.51, 51.56, and 51.36 %, respectively).

The estimated values of ECso index overall genotypes for grain and biological
yields were 18.65 + 0.90 and 21.40 = 1.27 dS/m, respectively showing that biological yield
was more tolerant to salinity than grain yield. The values of the parameter ECso of tolerance
of grain yield to salinity were 26.24, 2210, 19.02, 17.29, 17.18, 17.13 and 15.95 dS/m for
Sakha 8, Geno.2, Geno.1, Geno.3, Geno.4, Geno.5 and Geno.6, respectively. Accordingly,
Sakha 8 and Geno.2 were the most tolerant genotypes, whereas the geno.6 was the most sait
sensitive. Although, Geno.2 produced relatively lower yield potential than Geno.5 at non-saline
treatment, it ranked the second as salt tolerant genotype after Sakha 8. Moreover, Geno.6 had
the lowest yield potential at non-saline conditions and was the most salt sensitive.
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INTRODUCTION
. Wheat (Tnticum aestivum L) is considered a strategic cereal crop in
. Egypt for its importance in the Egyptian diet. Wheat provides more than
one-third of the daily calorie intake of consumers and 45 percent of their
total daily protein consumption (Rowntree 1993; Abdel Ghaffar 1994), and
is occupying about 38 percent of the total winter crop area (2.7 million
feddan). Wheat self-sufficiency is often cited as a goal of government
wheat policy as its production for the agricultural season 2007 reached 7.4
million tons. Egypt ranked second among the world countries in importing
wheat (7 million tons for season 2006/2007).

Recently, a great attention of several investigators has been
directed to increase the productivity of wheat to minimize the gap between
the Egyptian production and consumption by increasing wheat production
through increasing unit land area productivity and increasing cultivated
area, particularly the salt affected ones (El Ashtar 2005; Nabila et al. 2007;
Ragab, et al. 2008).

Due to deficiency in supplies of high quality water, water availability
could be enhanced for irrigation through judicious and proper use of low
quality water. The entire water requirement in Egypt totals 71-73 milliard m*®
per year. However, the combined water resources of the Nile, groundwater
and drainage water recycling add up to only 63 milliard m* (Bishay,1993;
Attia et al., 1995; FAO, 1997; Abdel-Hafez et al., 1999), and there is no
possibility of accessing additional water resources (Anonymous, 1995;
Seckler and Altaf, 1997).

Saline water can be applied by cyclic or blending strategy to grow
crops without detrimental long-term consequences to crop or soil (Grattan
and Rhoades, 1990). In this concern, salt-sensitive and salt-tolerant crops
are grown in particular rotations with saline and nonsaline waters.
Otherwise, the blending strategy is introduced to combine saline water with
nonsaline ones in proportions to produce different water qualities suitable
for the different crops under consideration. Thus, salt tolerance studies
should be focused on major crops of great importance like wheat crop.
Wheat is a moderately salt-tolerant crop with threshold without yield loss at
6 dS/m and with yield 50% loss at 13 dS/m (Mass and Hoffman, 1977,
Allen et al., 1998).

Consldemble research has been conducted annually at Soil Salinity
Laboratory, Egypt on the salt tolerance of some Egyptian varieties and cross wheat
(Triticum aestivum L.). This would help to select the suitable varieties and cross for
certain soil contained known amount of salts or where high quality water is not
available. This study was conducted to determine the salt tolerance

Vol. 14 (1), 2009 196



J.Adv. Agric. Res. ( Fic. Ag. Saba Basha)

performance of six local wheat genotypes namely: Geno.1, Geno.2,
Geno.3, Geno.4, Geno 5, Geno.€, and the check variety Sakha 8 grown
under five salinity levels.

MATER!ALS AND METHODS

A greenhouse pot experiment was carried out ¢! the Soil Salinity
Laboratory. Alexandria, Agricultural Research center. using piastic pats
with a hole in the bottom (32 cm diameter and 45 cm height) filled with 37
kg calcareous loam soil (Typic Calciorthents) to 1.38 g/ecm® bulk density,
leaving 10 cm free at the top for wrrigation practices. Some physical and
chemical properties cf the used soil were conventionally determined
according to Page e! a/ {1982) and are shown i Tabie !

Table 1. Some physical and chemical characteristics of the studied soii.

Sotl property l\\lllae“ajg Soil property vaﬁsg
£C dSm’ 180 Mechanica! anaiysis, %
tpH £ 29 Sand 45.00
SAR 513 Silt 32.50
Soluble ions, mea/L Clay 22.50
ca” 435 Texture, loam
Mgz‘ 3.32 I Moisture characterization
Na" 10.05 Saturation, % 47.00
K 0.40 Field capacity, % 23.60
cr 9.37 P.Wilting point, % 11.10
HCO;y 272 CaCO05 % 3210
S0 6.05 NaHCO,-P, mg/kg 10.00
Organic carbon, % 0.28 TotalN, % 0.50
1 Measured in 1:2.5 soil to water suspension 1 On volumetric basis

Certified seeds of six wheat (Tnticum aestvum L[.) genotypes (namely,
Geno.1, Geno.2, Geno 3, Geno 4, Geno.5, and Geno.6), and Sakha 8 were
supplied by the Wheat Research Department, Field Crops Research Institute,
Agriculture Research Center. These genotypes were selected from screening
trials performed in the past years by Wheat Research Department (Table 2).
Sakha 8 is used as a standard variety (the check reference) for the sait
tolerance test of wheat genotypes at this study. Wheat genotypes were
planted on November 26, 2005. Three weeks later, thinning was conducted
to maintain five seedlings/pot until maturity.
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Table 2. Name and Pedigree of 7 wheat genotypes tested for salt tolerance in
the study.

Ge:lC:;YPe Name and Pedigree

1 Vee"S"/Swm6525/4/Trm//Kal/Bb/3/Corp"S"/Piy"S"

2 Vee"S"7/6/Kvz/4/117 1/3/Maia"S"/Bb//Inia/Lgm/5/Sakha8
3 Achtar/5/Bb/Kal//Alo"S"/3/7C/4/Furg

4 Tevee"S"/Kauze

5 4777(2)//IFkn/Gb/3/Vee"S"/4/Buc"S"/Pvn"S"15/Maya"S"/Mon"S"/ICMH74 A

5 KAUZ//ALTAR84/AQ5/3/KAUZ CMBWS89Y00785-OTOP M-3Y-OLOM-
OLOM-0Y
7 Sakha 8

All pots received the recommended doses of mineral fertilization as
tollows: single super phosphate fertilizer (15% P,0s) was added at a rate of
30 kg P,Os/feddan (1 feddan = 0.42 hectare) mixed thoroughly with the soil
sample before cultivation, nitrogen fertilizer as ammonium nitrate (33.5%N)
was broadcasted at a rate of 90 kg N/feddan in three equal doses applied
at seedling, tiliering and heading stage and potassium sulphate (48% K,O)
was added at a rate of 48 K,O/feddan three weeks after sowing. All other
cultural practices were applied as recommended.

The pots were irrigated with tap water equal to soil field capacity for
three weeks (emergence stage). Thereafter, the seedlings were thinned to
5 seedlings/pot and irrigated with different saline waters having electrical
conductivities (EC)) of 4.69, 7.50, 11.25 and 15.0 dS/m besides tap water
(0.50 dS/m) as a control treatment. The salinization was accomplished by
adding equal weights of NaCl and CaCl, to tap water. Taking into account
that the salts used were commercial materials and contained some other
elements. The final analysis of the prepared irrigation water treatments is
shown in Table 3. The experimental pots were arranged on greenhouse
benches in a randomized compiete block design consisting of five salinity
treatments (0.50, 4.69, 7.50, 11.25 and 15.0 dS/m) and seven wheat
genotypes (Table 2). Each treatment was replicated four times.
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Table 3. Compositions of irrigation waters used in the experiment.
TDSt, EC, Soluble cations, meq/L Soluble anions. meq/L
mg/L  dS/m Cca® Mg” Na' K CI  HCO; SO2
320 050 184 110 167 0.15 184 030 2869 1.35
3000 469 2554 659 1638 051 4129 051 7.53 4.20
6000 7.50 4012 962 2963 072 6862 057 1077 594
9000 11.25 5256 1513 4432 114 9475 103 1714 7.62
12000 15.00 80.96 19.27 59.55 1.50 137.47 127 2232 8.41

1+ TDS = total dissolved solids.
1 SAR = Na'/ [(Ca® + Mg?')/2]'?, all concentrations are expressed in meq/L.

SAR}

During the growing season, all pots were irrigated whenever
needed in addition to 15% more as leaching fraction to prevent any risky
salt accumulation in the pots. At harvest, 165 days after planting, wheat
biological (straw + spikes weight), grain yields (g/pot), weight of spikes/pot,
number of tillers/pot, number of spikes/pot, number of kernels/spike, 1000-
kernel weight (g) and plant height (cm) were recorded. The significant
differences among all the resultant means were identified statistically using
SAS-GLM procedure (SAS, 1992). Soil samples were taken after harvest
from each pot and analyzed for EC,, pH, and soluble cations and anions.

Salinity tolerance index:

Crop salt tolerance data have traditionally been analyzed with the
concept of ECs, index, where ECs is a parameter which describes the
degree of salt tolerance of various crops. The relationship between
grain/biological yield and salinity were established for each wheat genotype
by a sigmoidal response model [option 12 of the SALT program described
by van Genuchten (1983)]:

Y, =1/ [1+(EC/ ECx) (1)

where Y, is the relative yield of a test crop (Y, = Y/Y,), Y and Y, are the
values of the yield parameters studied for a given EC and for non-saline
conditions, respectively. ECs, is the salinity .of the soil saturation extract
(EC) that reduces the value of the parameter by 50% and P is a parameter
that determines the steepness of the curve, identified as an approximate
estimate of the absolute value of the mean dY/dEC. The parameters ECso,
P, and Y, are calculated by the program.
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RESULTS AND DISCUSSION
Irrigation water salinity versus soil salinity:

The analysis of the investigated irrigation waters given in Table 3
showed that tap water is characterized by low salinity (EC=0.50 dS/m) and
low sodicity (SAR=1.35). The 3000 and 6000 mg/L saline water were
classified as moderately saline water class and the other tested waters
9000 and 12000 mg/L were classified into highly saline water class
according to Rhoades (19882). The compositions of the used irrigation
waters (Table 3) showed that the actual Na concentration was less than Ca
due to the presence of other cations such as Mg and K in the commercial
NaCl salt. Consequently, their SAR values amounted to a maximum value
of only 8.41 and they may be described as nonsodic waters. Such waters
are in ample supply in many irrigated land and have good potential for
selected crop production (FAQO, 1993).

Consistent increase in soil salinity EC; was marked for all the
treatments due to the used irrigation water salinity (Table 4). The average
soil salinity EC, was consistently and significantly correlated with the
iriigation water salinity EC, (r=0.995) as shown in Fig.1. The best fit straight
line equation that expresses this relationship is:

EC, = 0.436 + 1.212 EC; 0.50<EC;2 15.0 (2)

Table 4. Chemical properties of the studied soil after crop harvesting.

Soluble cations, meg/L  Soluble anions, meq/L
EC., ECs. ECY pH SARt ESP%

dS/m dS/m EC, ca® Mg® Na' K CF  HCO: SO/
050 070140830 182 094 397034 522 128 053 338 359
469 6.50 1.39 8.35 22.52 10.79 31.56 0.92 57.02 291 574 773 9.21
7.50 9.50 1.27 8.32 33.06 17.05 45.31 0.82 80.01 309 1277 9.05 10.79
11.25 13.95 1.24 8.19 60.34 17.51 61.95 1.31 114.56 4.51 20.97 9.93 11.81

15.00 18.45 1.23 8.05 67.83 31.07 85.90 1.58 14598 6.93 33.70 12.22 14.35

1 SAR = Na'/[(Ca” + Mg”)/2]™*, all concentrations are expressed in meg/L.
1 ESP = Exchangeable sodium percentage.
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Equation £ recalculated (EC, = 1.242 EC)) by fcreung the intercept to
zero value. Moreover, it may be conciuded also from "able 4 that the
salinization ratio. as presented by EC, / EC, tended ' decrease as EC,
increased (Aragues et al., 1999). The highest salinizatior ratio (1 40) was
recorded for 0.50 dS/m water treatment (EC,) and gradually decreased with
increasing irrigation water salinity till it reached its minimum vaiue (1.23) for
the 15.0 dS/m water treatment Recently, the results presented by
Aboushal, (2000) and Elkhatib, (2003) showed a very good acccrdance
with the obtained results using wider ranges of water salinity from 0 45 up
to 17.0 dS/m. Soluble cations and anions in addition to SAR values
exhibited the same tendency as salinity of saturated soil extract (EC;).

28
| EC, = 0.436 + 1.212 EC, R? = 0.995 /
24 |

20

ECs, dS/m

0 PR S S | PO [T TP SN W VN SH | P T S S N NP W S SO |

0 2 4 6 8 10 12 14 16 18 20 22 24
EC;, dS/m

Fig.1. Electrical conductivity of soil saturation extract as a function of
the electrical conductivity of irrigation water.
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Salinity effects on yield parameters:

Data of grain yield, yield components and growth over the seven
wheat genotypes as a function of salinity of irrigation water are given in
Table 5. Over all wheat genotypes, increasing salinity of irrigation water
significantly reduced (P < 0.05) the yield of all the studied traits. Data
revealed that increasing salinity of irrigation water significantly decreased
grain yield by 8.27  21.30, 37 48 and 47.50% at saline water of 4.69, 7.50.
11.25 and 15 0 dS/m, respectively, as compared with the control treatment.
This finding was in accordance with that obtained by El Ashtar (2005) and
El-Haddad and Mostafa (2007). Similar and consistent reductions of 43.39
and 41.73% were found for biological yield and spikes weight/pot at the
highest salinity level (15.0 dS/m), respectively. Harvest index, the ratio of
grain yield to biological yield, was slightly reduced as salinity increased in
all irrigation treatments with a reduction value of 13% at the highest salinity
treatment (15.0 dS/m).

The reported means of grain and biological yields given in Table S
were calcuiated in relative values (Y,) and depicted in Figure 2 against
average soil salinity after crop harvesting. The best fit straight line
equations for this relationship are:

Y., Grain =105.12 - 2.85 EC; 0.70<EC; 2> 18.45 (3)
Y,, Biological= 104.55 - 7.48 EC, 0.70<EC;2 18.45 (4)

The depression for biological yield with increasing salinity of
irrigation water was less than that of grain yield as illustrated form the siope
of equations 3 and 4. The reduction of grain yield: biologica! yield ratio was
found to be 1: 0.87 as calculated by dividing the siopes of equations 3 and
4. This finding was confirmed by calculating the ECs index overall
genotypes for grain and biological yields. The estimated values of ECs, for
grain and biologica! yieids were 18.65 + 0.90 and 21.40 + 1.27; respectively
showing that biological yield was more tolerant to salinity than grain yield.
In addition, the plants submitted to the highest irrigation salinity (15.0 dS/m)
were 6.48% shorter than those of the control treatment at maturity stage.
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Table. 5. Means of grain yield, yield components and growth of wheat as
affected by genotypes and saline irrigation water treatments.

Grain Bio. Spikes Tillers Spikes 1000- Kemels Harvest Plant
Treatments yield Yield weight No./ No./ kemels Nc./ Index height,

_g/pot gipot g/pot pot pot wt,g spike % __cm
Salinity (S), dS/m:
0.50 70.88 155.89 98.43 4114 3589 4855 4411 4590 7443
469 65.02 144.14 90.57 38.04 3286 47.03 4369 4526 73.29
7.50 55.78 125.32 79.86 37.61 3161 4194 4381 4510 7196
11.25 4432 111.32 68.54 36.50 30.21 3645 4116 43.19 7082
15.00 37.21 88.25 57.36 3368 26.61 3486 4152 3993 6961
LSDges(S) 265 6.03 387 15 163 207 209 1.82 188
Genotypes (V):
Geno.1 49.47 116.75 71.90 36.60 3160 48.09 3235 4194 74.90
Geno.2 §3.10 115.20 71.85 40.00 33.55 46.81 33.92 46.15 7145
Geno.3 51.35116.80 73.30 33.50 26.50 39.55 48.87 4411 7020
Geno.4 54.94 119.95 78.05 37.156 3140 36.30 48.38 4567 63.85
Geno.5 56.22 118.30 77.70 35.00 2860 3984 4960 47.88 6875
Geno.6 46.85 11265 67.85 3470 2740 4031 4205 4126 7825
Sakha 8 70.57 175.25 112.00 44.80 41.00 4148 3235 40.11 76.75
LSDoggs(V) 314 714 458 185 194 245 378 215 223
Interaction (S x V):
L.S.D.oos 703 1596 1023 432 434 NS. 646 481 498

N.S. = Not significant Bio. = Biological Geno. = Genotype

Among the yield components, number of kernels/spike and number
of tillers/pot were less sensitive to salinity, being reduced by 5.87 and
18.13%, respectively at saline water of 15.0 dS/m compared with 41.73%
for spikes weight, 28.21% for 1000-kernel weight, and 25.87% for number
of spikes/pot. As a resuit, the decreased grain yield due to salinity could be
attributed to the reduction of spikes weight, 1000-kernel weight and number
of spikes/pot, rather than the reduction of number of tillers/pot or number of
kernels/spike. These results are in consistent with those obtained by earlier
investigators (Francois et al, 1986, and 1988; El-Haddad et al., 1993; El-

Haddad and Mostafa., 2007).

Vol. 14 (1), 2009 203



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

120 1GrainY, =105.12-2.85EC, R¥=0.97 ------- e Grain Y.

\° 110 1Biological Y, = 104.55 - 248 EC, R’ = 0.96 A Biological Y.
- 100 &
> T
. 90 -
E -
2 80
> 9
3 70-
=X ]
L 60
o 1
2 50
e i
£ 40
a -
g 30 A
2 ]
o 204
m B

10

0 T T T H v T A T A L] T T T v - T T T 1

0 5 10 15 20 25 30 35 40 45
Soil salinity (ECy), dS/m

Fig.2. Relative grain and biological yields of wheat genotypes as a
function of increasing soil salinity.

Genotypes effects on yield parameters:

The results in Table 5 and Figure 3 indicated a significant difference
(P < 0.05) among genotypes and Sakha 8 (the check reference) over all
salinity treatments for all studied parameters.

Sakha 8 was significantly higher than the other genotypes given
grain yield of 70.57 g/pot. At the same time, Geno.1 and Geno.6 illustrated
the lowest grain yield (49.47 and 46.85 g/pot, respectively) The reduction
percentage of grain yields were 29.89, 24.76, 27.23, 22.14, 20.34 and
33.62% for Geno.1, Geno.2, Geno.3, Geno.4, Geno.5 and Geno.s,
respectively as compared with Sakha 8.

All tested genotypes showed a significant decrease in biological
yield comparing with Sakha 8, but there were insignificant differences
among them. The reduction percentages were 33.38, 34.27, 33.35, 31.55,
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32.50 and 35.72% for Geno.1, Geno.2, Geno.3, Geno.4, Geno.5 and
Geno.6, respectively. The reduction in biological yield may be attributed to
deficiency in water uptake caused by osmotic stress, imibalance in nutntion
induced by ion excess or a combination (El-Haddad <t a/ 1993, and El
Etreiby, 2002).

Moreover, Sakha 8 surpassed the other genotyres in spikes weight,
number of tillers per pot and number of spikes per pot over all levels of
salinity (Table 5). On the other hand, Figure 3 demorstrates that Geno.6
produced the lowest grain yield, biological yield an¢! spikes weight.

200
Biological yield (g/pot) M Spikes weight (g/pot)
180 1 O Plant height (cm) O Grain yield (g/pot)

B 1000 kernels weight (g) B Spikes number/pot

5 2

A A R R AR

Wheat parameters
8

Al g
A R R AR R

Sakha 8 Geno.1 Geno.2 Geno.3 Geno.4 Geno.5 Geno.b
Wheat Genotypes

Fig.3. Means of grain yield, yield components and plant height of
wheat genotypes as affected by different salinity levels.

Harvest index% was the highest for Geno.5 followed by Geno.2
(47.9, 46.2%, respectively). Genotypes 1 and 2 were superior in the 1000-
kernel weight where Geno.1 gave the heaviest 1000-kernels weight (48.09
g) followed by Geno.2 (46.81 g), while Geno.4 had the lowest value. Higher
number of kernels per spike for genotypes 5, 3 and 4 revealed a wide gape
to the other genotypes. Finally, Genotype 6 showed to be the taliest
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genotype followed by Sakha 8 (78.25, and 76.75 cm, respectively).

Salinity x genotypes interaction:

The significant interaction between salinity of irrigation water and
wheat genotypes were noticed for grain yield, biological yield, spikes
weight, number of tillers/pot, number of spikes/pot, number of
kernels/spike, harvest index and plant height at maturity. The data of those
parameters and L.S.D o for interaction are listed in Table 6 and depicted in
Figure 4.

Data of salinity x genotypes interactions indicated that, for each
cultivar under this study increasing salinity of irrigation waters from 0.50 to
15.0 dS/m decreased all characters of wheat genotypes. Moreover, the
check variety Sakha 8 insisted to be the highest for grain yield, biological
yield, and spikes weight either at non-saline or at the highest irrigation
salinity level (0.50 and 15.0 dS/m, respectively).

Grain yield of Sakha 8 and Geno.5 were the greatest under non-
saline conditions giving 80.44 and 74.57 g/pot, respectively. Increasing
salinity level up to 4.69 d€/m induced 8.51% increase in grain yieid of
Sakha 8 and then vield declined with increasing salinity (Table 6). At the
highest irrigation salinity (15.0 dS/m), Sakha 8 presented the highest grain
yield (52.04 g/pot) and Geno.6 provided the iowest grain yield (30.38 g/pot),
although, grain yields of the other cultivars were statistically similar to one
another.

No significant differences among the six new genotypes were
recorded at 0.50 dS/m for biological yield and spikes weight and for the later
at 15.0 dS/m. Number of tillers/pot was the highest for Sakha 8 at the
control salinity level, while Sakha 8, Geno.2, Geno.1 and Geno.4 were
statistically similar to each other at the highest salinity level. Moreover,
Sakha 8, Geno.1 and Geno.2 exhibited the same behavior in number of
spikes/pot at the highest salinity level. The genotypes number 6 and 4
offered the lowest harvest index at non-saline water treatment, while Geno.5
produced the highest harvest index at 15 dS/m irrigation salinity level (Table
6). Finally, Sakha 8 followed by Geno.6 was the tallest at the lowest salinity
level. However, a reverse order was observed at the highest salinity level

followed by Geno.1
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Table 6. Means of grain yield, yield components and growth of wheat as
influenced by the interaction between genotypes and each of
salinity levels.

Genotypes Salinity levels (dS/m) Salinity levels (dS/m)
050 469 750 1125 150 050 469 750 1125 150
Grain yield (g/pot) Biological yield {g/pot)

Geno.1 66.88 56.00 48.88 40.74 34.8 1450 1255 116.2 107.0 90.00
Geno.2 70.78 56.70 53.33 4541 39.2 1425 130.5 1050 104.5 93.50
Geno.3 6762 64.37 5075 3984 341 1470 141.0 123.7 1000 7225
Geno.4 69.11 6794 61.89 4216 33.6 153.7 1375 1285 103.7 76.25
Geno.5 7457 68.24 5842 4372 36.1 1485 1425 1295 103.0 68.00
Geno.6 66.78 54.61 4533 37.15 30.3 152.0 128.2 100.5 102.2 80.25
Sakha 8 80.44 8729 7190 61.19 52.0 202.5 203.7 173.7 158.7 1375
L.SD gos 7.03 15.96
Spikes weight (g/pot) Tillers number/pot

Geno.1 93.50 77.50 7150 63.25 53.7 40.00 38.75 3525 3450 3450
Geno.2 93.75 75.75 70.25 65.00 545 43.00 42.25 3950 4025 35.00
Geno.3 91.50 88.25 73.75 59.25 537 3500 33.25 34.50 3250 32.25
Geno.4 9450 92.25 86.25 66.25 51.0 42.00 3450 3750 38.00 33.75
Geno.5 98.00 94.25 81.25 61.75 53.2 36.25 36.00 36.00 3550 31.25
Geno.6 8150 76.00 62.25 6050 490 3950 3400 37.00 3125 3175
Sakha 8 1262 130.0 113.7 103.7 86.2 5225 47.50 4350 4350 37.25

L.SD. gos 10.23 432
Spikes number/pot Kernels number /Spike

Geno.1 36.75 3325 31.25 28.25 285 3446 31.61 3345 3297 29.28
Geno.2 3725 36.75 34.00 31.75 28.0 36.44 28.92 33.22 3509 3591
Geno.3 2875 2725 2625 25.00 252 5195 5194 48.65 4937 4245
Geno 4 38.00 29.75 30.25 3275 26.2 42.88 52.94 5841 4183 4586
Geno.5 30.75 29.50 30.00 2975 23.0 4812 54.07 53.38 43.03 4943
Geno.6 32.00 28.75 29.25 24.00 23.0 45.68 42.20 37.51 44.16 40.69
Sakha 8 4775 4475 40.25 4000 32.2 3513 44.19 4204 4169 4700

LSD. pos 434 6.46
Harvest index (%) Plant height {cm)

Geno.1  46.12 4462 42.04 38.07 38.7 7500 7550 74.00 76.75 73.25
Geno.2  49.67 43.45 50.79 4346 42.0 74.00 71.50 72.00 70.75 69.00
Geno.3  46.00 4565 41.01 39.84 47.3 76.75 68.25 68.75 71.00 66.25
Genod4 4495 49.41 48.17 40.63 44.0 6325 67.00 6550 62.75 60.75
Geno.5  50.22 47.89 4511 42.44 53.1 71.75 68.00 71.00 67.50 65.50
Geno.6  43.93 42.58 4510 36.33 37.8 78.50 80.00 78.50 76.25 78.00
Sakha 8  39.72 42.84 41.38 38.54 37.8 81.75 82.75 74.00 70.75 74.50
L.S.D. gos 4.81 4.98
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Fig.4. Salt tolerance of grain yield of seven wheat genotypes as a
function of increas.ng salinity.

Assessment of salt tolerance:

To compare salinity tolerance, a number of models for the response
of genotypes to salinity have been defined. Survival and absolute yield
under saline conditions have been used in some cases, but have a number
of drawbacks when comparisons need to be made. The absolute yield of
the wheat crop on saline soils is one of the criteria for appraising salt
tolerance. On this basis, grain yield of Sakha 8 and Geno.2 were the
greatest under the highest salinity level, while Geno.6 and Geno 4 provided
the lowest grain yield compared to the other genotypes (Table 6).

The use of relative yield compared to a control under saline
conditions is another criterion allows for comparisons between wheat
genotypes for sait tolerance (U.S. Salinity Laboratory Staff, 1954). The
tolerance can be described by plotting the yield or relative yield as a
continuous function of sotl salinity It was found that the check variety
Sakha 8 had the highest relative grain yield (64 639%) among the other
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genotypes and had the lowest reduction percentage in grain yield (35.31%)
at irrigation salinity level of 15.0 dS/m (Figure 4). At the same time, Geno.2
was next to Sakha 8 in its salt tolerance giving relative grain yield of 55.49%
and had reduction percentage of 44.51% compared by the control
treatment. Whereas, Geno.6, Geno.5 and Geno.4 prcduced the lowest
relative yields among the other cultivars (45.59, 48.44, and 48.64%,
respectively), and the yield reduction percentage at the highest salinity
level were the greatest (54.51, 51.56, and 51.36 %, respectively).

van Genuchten (1983) described a computer program (SALT) to fit
the unknown coefficients of different models to experimental data, using a
non-linear least squares fit which can handle data sets with few
experimental measurements:

Y, =1/ [1+(EC/ECg)A

where ECyq is the salinity that reduces yield by 50% and p is an empirical
constant affecting the form of the sigmoid curve, with the curve becoming
steeper as the value of p increases.

The criteria of using ECs, as an index of genotypes tolerance would
seem sufficient for comparing the salinity tolerance of different genotypes.
The values of the parameter ECs, of tolerance of grain yield to salinity were
26.24 2210, 19.02, 17.29, 17.18, 17.13 and 15.95 dS/m for wheat
genotypes Sakha 8, Geno.2, Geno.1, Geno.3, Geno.4, Geno.5 and
Geno 6, respectively. Accordingly, the data indicate that Sakha 8 and
Geno.2 were the most tolerant genotypes, whereas the geno.6 was the most
salt sensitive. The ECso has been shown to be a suitable parameter to
evaluate sait tolerance (U.S. Salinity Laboratory Staff, 1954; van Genuchten
and Hoffman, 1984; van Genuchten and Gupta, 1993; Steppuhn et al. 2005
a, b, Ould Ahmed et al. 2007).

Previous studies have shown that high yielding wheat cultivars are
more salt sensitive to stress than cultivars with low yield potential. In this
context, Geno.5 for instance, was the second after Sakha 8 (the check
reference) producing higher yield up to 4.69 dS/m (Table 6), but in the same
time was comparatively lower in salt tolerance. Although, Geno.2 produced
relatively lower yield potential than Geno.5 at non-saline treatment, it ranked
the second as salt tolerant genctype after Sakha 8.

Moreover, Geno.6 had the lowest yield potential at non-saline
conditions and was the most salt sensitive. 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
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selection become very difficult, and might create a problem in cultivars
selection for salt tolerance.
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