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POT experiment was conducted in the greenhouse of the

National Research Centre at Dokki, Cairo Egypt during
2005/2006 winter season to evaluate the eftect of different salt stress
degrees by diluted seawater [Tap water (250 ppm), 2000 and 4000
ppm] on the growth and yield characters of ditterent wheat varieties.
Gemmeza 9 was the superior in flag leaf arca among the other varicties
followed by Giza 168, where the lowest value of this criterion was by
Sakha 69 and Sakha 93. Non significant differences were detected
between the used varieties in number of green leaves/mean stem and
length of spikes. Increased salt concentration in the root media
decreased plant height. area of flag leat and spike length. The
differences in number of green leaves/mean stem were not significant.
The highest negative effect of salinity on plant height was in Sakha 93
and Giza 168 varicties. Plant height of Sakha 69 did not affected by
this trcatment. The decrement in flag leaf area of Gemmaza 9,
Gemmaza 7and Sakha 69 secmed to be equal. The lowest effect was in
Giza 168 followed by that of Sakha 93. Length of spikes of Gemmeza
9, Gemmeza 7 and Giza 168 indicated similar responses. There arc no
any differences in N concentration while it was slight in P
concentration. However. there are wide differences in K concentration
specially between Gemmaza 7 . Gemmaza 9 and Sakha 69, in side, and
Giza 128 and Sakha 93 in the another side which the concentration of
this element in the 1Y group about 5 - 10 folds of those in the 2
group. The uptake of thesc elements significantly differ between
varieties. Gemmaza 9 and Sakha 93 showed lesser values than in the
other varieties. The highest content of N was in Giza 168 and the
lowest by Sakha 93 followed by Gemmaza 9. The uptake of P in Giza
168 and Sakha 69 seem to be similar. The concentration of N and P
slightly increased by the 1™ level of salinity and tended to decrease by
the highest level to be lesscr than the control while K concentration
increased by both salinity levels. Nevertheless, the uptake of N, P and
K negatively responded to the increase in salt concentration in water of
irrigation.

Keywords: Wheat (Triticum aestivum L.),Varieties, Salinity, Diluted
seawater, Vegetative growth, Dry matter, Macronutients.

Soil salinity is a major environmental constraint to crop productivity worldwide.
The “biological” approach to this problem focuses on the management,
expioitation, or development of plants able to thrive on salt-affected soiis
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(Ashraf et al,. 2008). Shortage of water resources needed for irrigation in the new
reclaimed soils, now a day, considered one from the great challenges. Therefore,
the use of nontraditional sources such as saline water may be as a suitable way to
irrigate some areas and this needed also the same type plants to survive against
salt stress and drought.

Selecting and improving varieties tolerate salt stress very important for wheat
production especially for its growing in soils suffers from salts and or irrigated by
saline water. Sharaan (2000) found that wheat varieties were significantly
different in plant height, spike length, number of spikes, number of grains/spike
and grains weight/spike. Varietals differences between wheat varieties were
detected by many authors: Abd El-Gawad et al. (1987), Hassanein (2001),
Ahmed et al. (2006) and Zheng et al. (2008).

Salinity affected adversely on growth on plants through its effect in metabolic
processes as mentioned by many investigators among of them: Arfan et al
(2007), Hussein et al. (2007), Hussein et al. (2006), Rejili et al. (2007) Tuna et al.
(2008) and Navarro ef al. (2008). Variation in salt stress tolerance were reported
by: Rajpar & Sail (2002), Akram et al. (2000), Salama et al. (2000) and Angrish
et al. (2001).

Therefore, this study aimed to investigate the response of growth, yield and
some macronutrient status of different wheat varieties to the irrigation by diluted
seawater.

Material and Methods

A pot experiment was conducted in the greenhouse of the National Research
Centre at Dokki, Cairo Egypt during 2005/2006 winter season to evaluate the
effect of different salt stress degrees on the growth and yield characters. The
treatments were as follows:

1 - Varieties: Giza 128, Sakha 69, Sakha 93, Gemmexa 7 and Gemmeza 9.
2 - The salt concentration in water of irrigation (by diluting Mediterranean
seawater with fresh water): Tap water (250 ppm), 2000 and 4000 ppm.

The experiment included 3 levels of salinity in combination with five
varieties, i.e. 15 treatments in 6 replicates. Metallic ten pots 35 cm in diameter
and 50 cm in depth were used. Every pot contained 30 kg of air dried clay loam
soil. The inner surface of the pots was coated with three layers of bitumen to
prevent direct contact between the soil and metal. In this system, 2 kg of gravel
(Particles about 2-3 cm in diameter), so the movement of water from the base
upward.

Seeds of different varieties of bread wheat (Triticum aestivum L.) c.vs Giza
168, Sakha 93, Sakha 69, Gemmzeza 7 and Gemmeza 9 were sown in December,
20, 2006. Plants were thinned twice, the 1* after 15 days sowing and the 2™ two
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weeks latter to leave three plants / pot . Calcium super phosphate (16 % P,Os)
and potassium sulfate (48.5 % K,0) in the rate of 3.0 and 1.50 g/pot were added
before sowing. Ammonium sulfate (20.5 % N) in the rate of 6.86 g / pot was
added in two equal portions, the 1* after two weeks and the 2"/ two weeks latter.
Irrigation with diluted seawater in different concentrations were started 30 days
after sowing (One irrigation by salt water and the next was by fresh water
alternatively) till before harvest.

Samples from every treatment of salinity in five wheat varieties were
collected, cleaned, dried using oven at 70°C over night and ground in a stainless
steal mill. Dried samples were digested and N, P and K using the methods
described by Cottinne et al. (1982).

Data collected were subjected to the proper statistical analysis with the
methods described by Snedecor & Cochran (1980).

Results and Discussion

Varietals differences

Growth

Significant differences in stem length, flag leaf and dry weight of leaves,
spikes and total plant weight were shown between varieties (Table 1). Giza 168
ranked 1" and Gemmeza 7 ranked 2"/ and Sakha 93 came 5" in total dry weight

Gemmeza 9 was the superior in flag leaf area among the other varieties
followed by Giza 168, where the lowest value of this criterion was in Sakha 93
and Sakha 69. Non significant differences were detected between the used
varieties in number of green leaves/mean stem and length of spikes. Sing, et al.
(2000), Angrish et al. (2001) and Rajpar er al. (2002) reported varietals
differences in growth, yield and yield attributes of wheat. Sharaan et al. (2000)
found that Sids 1 suppressed other cultivars, i.e. Sakha 8, Sakha 69, Giza 164 and
Giza 168 in plant height, spike length and 1000 grain weight. Ahmad et al.
(2005) indicated that salt stress decreased flag, leaf area and this could be a major
cause for low yield. They also added that there was a linear correlation between
the flag leaf area and rhe grain weight. Also, Hu er al. (2001) revealed that the
leaf elongation was spatially decrease by salinity. However, Szegletas et al.
(2000) demonstrated that different physiological response found were due to the
different water uptake capacity. It could be concluded that varietals differences
between wheat cultivars may be due to the genetical differences between .
cultivars and differences between genotypes concerning partition of dry matter,
where wheat cultivars differed carbon equivalent and yield energy per plant
(Zhang et al., 2003; Poustini & Siosemardeh, 2004; Ahmed et al., 2006 and
Zheng et al., 2008).

Egypt. J. Agron. 30, No. 2 (2008)



(8007) T "ON ‘0 w03y  1dd37

TABLE 1. Plant growth of different wheat varicties.

Stem Leaves Flag Spike Dry weight (g) 1 Grains/ | Grains
Varieties height. | No./mean leaf length shoots | total %
stem are: Stem | Leaves | Spikes | Grains | Total ratio
Gemmaza 9 51.8 4.17 383 10.77 1.64 0.53 4.37 3.26 6.54 1.50 49.9
Sakha 69 58.8 4.00 21.7 13.50 2.42 0.74 2.40 1.72 3.56 0.54 309
Gemmaza 7 70.7 4.17 20.3 12;7() 2.94 0.76 3.60 229 7.30 0.61 33.4
Giza 169 61.0 4,00 30.0 13.00 3.03 0.87 3.59 2.76 7.49 0.71 36.9
Sakha 93 50.3 3.50 20.7 10.00 1.32 0.51 1.92 1.45 3.75 0.79 38.7
LSDat$5 % 16.5 N.S 15.7 N.S N.S 0.21 1.76 1.58 2.98
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Mucronutrients status .

Data in Table 2 included the macronutrients concentration in shoots of
different wheat varieties. This data did not show any differences in N
concentration while it was slight in P concentration. However. wide differences -
in K concentration specially between Gemmaza 7 . Gemmaza 9 and Sakha 69 in
side, and Giza 168 and Sakha 95 in the another side which the concentration of
this element in the 1" group about 5 - 10 folds of those in the 2"/ group. The
uptake of these elements significantly different between varieties. Gemmaza 9
and Sakha 93 showed lesser values than in the other varieties. The highest
content of N was in N and K uptake and the lowest by Sakha 93 followed by
Gemmaza 9. The uptake of P in Giza 168 and Sakha 69 seem to be similar.

Badr & Shafe (2002) found that the concentration of Cl and Na" in leaves of
Giza 168 were more than in leaves of Shaka 8 wheat cultivar . The opposite was
true for K’ concentration. El-Bassiony & Bekheta (2001) found differences in
macronutrients between Giza 128 and Gemmeza 9.

TABLE 2. Macronutrient status in plant shoots of wheat varieties.

Varieties NMacronutrients % Macronutrients mg/plant
N P K N P K
Gemmaza 9 1.06 0.138 2.88 11.3 1.51 30.1
Sakha 69 1.02 0.132 3.20 16.4 2.52 523
Gemmaza 7 1.00 0.125 2.77 18.3 2.44 51.8
Giza 168 1.19 0.128 23.4 23.4 2.49 59.0
Sakha 93 1.09 0.123 10.5 10.5 .14 24.0
LSDat3% | -eeeme | cemmeen oo 2.67 0.95 0.15

Salt stress

Growth

Increased salt concentration in the root media significantly decreased plant height,
area of flag leaf, spike length and stem, leaves and top dry weight. The differences in
number of green leaves/mean stem were not significant (Table 3). Singh et al. (2000)
mentioned that growth of seedlings decline as a result of salt stress.

TABLLE 3. Plant growth of wheat as affected by salinity.

Stem Leaves | Flag Snike Dry weight (¢) Grain/ | Grains
Salt conc. I.--‘ul ¢ No/main | leaf I' _' “ shoots | total
ppm WM stem | oarea | SMEYY | Stem | Leaves | Spikes | Grains | Total ratio | weight
T 635 4 30 RRI 138 321 .84 4.50 ERDY 8.55 .84 39.7
2000 588 3.80 28.0 114 205 (.73 210 215 572 0.68 376
4000 335 3.80 20.8 11.0 1.60 048 RIS 133 385 0.65 RAN
.S at 539, 288 N.S S16 199 087 014 t72 1.96 I SN [RPOIPOIP IR

T, = Tap water (250 ppm.).
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Szegletas et al. (2000) reported that the different physiological responses
found were due to the different water uptake capacity based on comparatible
organic solutes. Gieve & Poss (2000) concluded that salinity significantly
reduced wheat biomass production. Khater ¢/ a/. (2000) noticed that number of
leaves, leaves area, relative growth rate and net assimilation rate were affected
adversely in both cultivars under salinity. In short- term salinity at crown-root
formation stage proved more determinal the salinity at the flowering and soft
dough stages in term of all biochemical changes induced.

In arid and semi-arid regions, rainfall and, surface water supplies are
unreliable and inadequate to meet crop water requirements. (Shauhan et al
2008). Used ground water in these regions is mainly marginally saline (2-6 dS/m)
to saline (-6 dS/m) and could be exploited to meet crop water requirements if no
adverse effect on crops and land resource occurred.

The fear of adverse effects has often restricted the exploitation of naturally
occurring saline water. They results concluded that ground saline water is a good
source to exploit for irrigation. They found that, in wheat cultivation, saline
ground water with an Ec of 6-8 dS/m can be used for at least two supplemental
irrigaiions without any adverse effect on growth and crop yield. The limited
amount available and fresh water should be applied during the initial growth
stage and supplemental with saline water at later stages. They added that this
strategy cnables wheat production with saline water with an Ec up to 12 dS/m
giving a yield as high as 90% of the optimum crop yield obtained with low
salinity water. Furthermore, these effects may be due the depression in
~_photosynthesis and carbohydrates metabolism (Arfan er al., 2007; Abdul Wahid
et al.. 2007 and Lopez et al., 2008), water adjustment (Patel & Pandey, 2007,
Navarro et al.. 2008 and Slama er a/., 2008), Mineral absorption and distribution
(Sariam et «l., 2005; Hussein er al., 20006; Rejili e al.. 2007 and Gunes et al.,
2008), protein building (Abdul Wahid et a/, 2007 and Navarro ef al., 2008),
enzymes and antioxidants activity (Sariam et a/.. 2005; Abd El-Jaleel ¢t al.. 2008
and Tuna ef al., 2008) or endogenous hormones (Hussein et al., 2007; Ashraf et al.,
2008 and Duan e¢r al.. 2008).

Mucronutrients status o

Examination of data in Table 4 indicated that the concentration of N and P
slightly increased by the 17 level of salinity and tended to decrease by the highest
level to be lesser than the control while K concentration increased by both
salinity levels. Nevertheless, the uptake of N, P and K negatively responded to
the increase in salt concentration in water of irrigation.

Heikal (1977) revealed that the total nitrogen content of safflower and
sunflower leaves was significantly increased. whereas that of wheat and radish
leaves was almost significantly decreased by salinity. Salinity induced non
significant effect on phosphorus content of all test plants. Potassium content of
the test plants was significantly reduced by salinity.

Fevpt. J. Agron. 30. No. 2 (2008)
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TABLE 4. Macronutrient status in shoots of wheat plants as affected by salinity.

Salt conc. Macronutrients % Macronutrients mg/plant
ppm N p K N P K
T.w. 104 0.134 2.70 201 2.74 56.2
2000 1.17 0.144 3.08 15.9 2.01 42.8
4000 1.01 0.122 2.90 11.0 1.31 319
LSD at 3% | -=--eee | ceeeee | meeeee- B 0.99 0.78
T.ow. = Tap water (2350 ppm.).

Shaviv & Hagin (1993) noticed that soil salinity reduced N-uptake in wheat
plants. El Bassiouny & Bakheta (2001) found that salinity affected K and P content of
two wheat varieties. lrshad er ¢/ (2002) indicated that irrespective of N forms most of
the nutrient concentrations in the shoot was increased with iiicreasing level of salinity.
Abdul Jaleel e¢r al (2008) subjected Catharanthus roseus plants to different
concentrations of NaCl, 25, 50, 75 and 100 mM on 30, 45, 60 and 75 days after
sowing and found that all the treatments altered the mineral contents when compared
to the untreated control plants but a significant change was found in 50 mM NaCl
concentration. in which the levels of some minerals increased.

Kheir er al. (1991) found that increasing salinity decreased shoot
concentrations of N and K and increased P concentration in  flax shoots when
irvigated with saline water containing 0. 1500, 3000 and 4500 ppm NaCl. Khalil
(20006) on sesame, noticed that, as regards, N. P. K, Ca and Na in leaves of
sesame cultivars irrigated at vegetative stage showed that increasing salinity
levels revealed mostly gradual decreased in N, K, P and Ca concentration and
increase in Na(%). While at flowering stage low salinity levels caused slight
increase in N, K and Ca(%) , further increase led to increase in Na and decrease
in P(%). Rehan et af. (2002) found that irrigated wheat plants with drainage water
(EC 1.68 dS/m™, SAR 4.6) throughout of the growth season and noticed that N.P
and K concentration and total content of grain and straw were significantly
decreased while those of Na, Ca and Mg in grains and Na and Mg of straw were
significantly increased. Hussein er al. (2007) rcvealed that N and P concentration
decreased with both levels of salt stress that the differences between the 1" and
2" levels was less than to be significant. The content of both nutrients adversely
affected by salinity but this effect was higher with the highest salt level used.

Varietals differences x salt stress

Growth

Table 5 show the interaction effect of varieties and salt stress on growth of
wheat plants. The highest negative effect of salinity on plant height was by Sakha
93 and Giza 168. Plant height of Sakha 69 did not affected by this treatment. The
decrement in flag leaf area of Gemmaza 9, Gemmaza 7 and Sakha 69 seemed to be
equal. The lowest effect was by Giza 168 followed by that of Sakha 93. Stem dry
weight of Gemmeza 7 and Skaha 93 severely affected by the highest level of salt
than the other varieties. The increase of salts in water of irrigation drastically
decreased the spikes weight/plant t of Gemmeza 9 while the differences were not
significant in spike weight of Giza 168 and Gemmeza 7 treated by 2000 and 4000
ppm salt. The spikes weight of plants received water contains 2000 ppm decreased
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by : 35.75, 20.88, 27.50, 47.61 and 22.38 % but for plants irrigated by water
contains 4000 ppm were decreased by : 66.57, 39.38, 63.35, 67.39 and 50.60 %
compared to that of plants irrigated by fresh water for Gemmaza 9, Sakha 69,
Gemmeza 7, Giza 168 and Sakha 93 varieties, respectively. This means that the
lowest affected varieties by the salinity were Sakha 69 and Sakha 93 however, the
highest level of salinity induced approximately the same adverse effect on spike
weight of Gemmeza 9, Gemmeza 7 and Giza 168. Zheng et al. (2008) concluded
that salt stresses caused significant declines in growth period of wheat by
accelerating leaf senescence at reproductive stage. Salt tolerant cultivars of wheat
successfully preserved normal growth by maintained P, K'/Na', CHL/CAR, LAD
and DMA, while salt-sensitive cultivars decreased considerably in those
parameters. The improvement of photosynthesis and related traits in reproductive
stage was a key to the growth of wheat under saline conditions.

TABLE 5. Plant growth of wheat varieties as affected by salinity.

Varicties| conc. | hoight | Nofm | leat | tenet Dry weight (g) hoots | ot
ppm stem area Stem | Leaves | Spikes [ Grains] Total | ratio A
T.w. 540 435 48 1.5 12201 032 7.11 5.35 9.90 1.99 34.0
Gemm. 9 2000 325 33 40 100 | Lol | 050 4.29 345 6.40 1.50 | 492
4000 49.0 4.5 29 105 | 105 0.35 1.71 1.27 3.31 0.79 384
Tow. 585 4.0 32 180 [ 3359} 1.08 2.44 1.87 7.1 0.40 263
Sakha 691 2000 60.0 40 | 19 1.0 | 1.68 | 0.52 330 229 5.50 085 416
4000 |-- 58.0 40 14 15 12201 0.63 1.48 1.01 4.31 0.36 234
T.w. 775 45 32 125 14291 0906 4.46 331 9.71 0.63 3400
Gcmm.'ll 2000 70.5 3.0 28 130 1339 094 2.7 202 7.04 0.47 289
4000 64.0 4.0 19 1S5 | Lid | 038 2.0 1.55 3.54 1.02 438
T.ow’ 690 45 31 140 | 4091 1.02 5.96 4.53 11.07 | 0.89 109
Giza 168 2000 V 61.0 4.0 33 135 | 2184 113 2.46 1.84 5.80 055 317
4000 570 - '35 26 1.5 1283 045 2.33 1.90 5.61 0.58 339
Tw. | 585 - 4.0 20 120 | 183 0.62 2,51 1.89 4.96 0.77 38.1
Sakha 93| 2000 49.0 35 20 95 1.38 | 0.52 1.95 1.46 3.85 0.77 379
4000 | ‘435 3.0 16 83 10761 039 1.30 1.00 2.4s 059 | 408
LSDat5% | 631 | NS 972 | NS | 020 | NS | 315 | 351 | 884 [ oo | cooee

T.w. = Tap water (250 ppm.).

Macronutrients status

The interaction effects between varieties and salinity on macronutrients
concentration were illustrated in Table 6 and Fig. 1 (a,b). Micronutrients (NPK)
in Gemmeza 9 plants responded positively to salinity at the level of 2000 ppm
except P concentration the reverse were true under 4000 ppm salt level. The
increments in N and K concentration under the high salt level were leaser than
that with the level of 2000 ppm. In Sakha 69 plants, N increased by both levels
of salinity and the increase raised by the increase in salt level however K
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concentration was reversely responded. In Gemmeza 7 variety plants, P and K
showed the same response approximately of P in Gemmeza 9 but N increased by
both salt levels. For K concentration in Gizal68 plants responded typically to
the two level of salinity while N concentration negatively responded. P
concentration slightly increased by the first level of salt and slightly decreased by
the 2" level. Zheng er al. (2008) concluded that Significant positive correlations
among K'/Na’, reproductive growth period and total growth period were noted in
salt-sensitive cultivars, however, none significant relations appeared among these
parameters in wheat salt tolerance cultivars. Concerning the uptake of
macronutrients, N uptake depressed by both salinity level in the five varieties
except for the Gemmeza 9 with the level 2000 ppm salinity it was raised. Similar
responses were observed with K uptake except for Sakha 93 plants. P uptake did
not show any effect to the irrigation by diluted seawater with 2000 ppm salts,
however, it responded negatively and considerably with salt stress. The highest
depression in N as well as P uptake was shown with high salt level in Gemmeza
7 followed by that in Giza 168 with the first level of salt. However, for K, it was
in Giza 168 plants by both salt concentrations in water of irrigation.

Badr & Shafei (2002) noticed that the minerals in leaves of wheat cultivars
increased as NaCl increased but the increment in leaves of Giza 162 exceeded
those in leaves of Shaka 8 cultivar with the increased in NaCl from 50 to 150 mM.
They added that although the tolerant wheat variety was able to reduce leaf Na”
concentration. this ability was not observed for CI ions since in the present
experiment leaf CI” concentrations were generally higher for both cultivars and
this intern reflected in balance of other nutrients. '

TABLE 6. Macronutrient status in plant shoots of wheat varieties as affected by

salinity.
Varicties Salt Macronutrients % Macronutrients mg/plant
conc. N P K N P K
Gemm. 9 T.w, 0.81 0.130 2.70 11.7 1.82 37.8
2000 1.37 0.170 2.80 14.5 1.50 29.7
4000 1.00 0.115 3.15 8.0 0.92 25.2
Sakha 69 T.w. 0.97 0.115 3.35 22.7 3.86 87.4
2000 1.01 0.133 3.20 1.1 1.49 35.2
4000 1.09 0.155 3.03 15.5 2.21 34.3
Gemm. 7 Tav, 0.94 0.125 2.75 24.6 3.29 72.3
2000 1.04 0.150 2.90 22.5 3.26 62.9
4000 1.03 0.100 2.65 7.8 0.71 20.2
Giza 168 T.w. 1.26 0.130 2.50 32.1 3.23 66.5
2000 | 111 0.135 3.35 18.6 2.26 56.0
4000 1.19 0.120 3.35 19.5 1.97 54.4
Sakha 93 Tw. | 121 0.120 2.10 14.4 1.48 25.8
2000 1.32 0.130 3.15 126 | 1.24 30.0
4000 0.75 0.120 2.30 4.4 0.74 16.2
1SDat5 % | —eemem | e | e 2.52 N.S 1.74

T.w.= Tap water (250 ppm.).
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Fig. 1a. Macronutrients status % in plant shoots of wheat varieties as affected by
salinity.

VI-Gemmaza 9 V2- Sahka 69 V3-Gemmaza 7 V4- Giza 168 V5-Sakha 93
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Fig. 1b. Macronutrients uptake in plant shoots of wheat varieties as affected by salinity.
VI-Gemmaza 9 V2- Sahka 69 V3-Gemmaza 7 V4- Giza 168 V5-Sakha 93
- S0- Tap water St-2000ppm $2- 4000 ppm
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Zheng et al. (2008) indicated that salt tolerant cultivars had higher K*
selectivity against Na® than salt-sensitive cultivars with the former could
maintain relatively stable balance of ions, K'/Na" was found not to be the limited
factor for salt tolerant wheat cultivars but it was in salt-sensitive cultivars, Pn (net
photosynthetic rate) significantly positively correlated with leaf K/Na®, RWC,
CHL/CAR and LAD. So those four parameters might be ideal criterions of salt
tolerance in wheat cultivars.
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