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Abstract: A completely randomized
design pot experiment with four
replications was used te assess the
effects of six salinity levels of irrigation
water on growth parameters (plant
height and fresh and dry weight) and
clemental composition of two genotypes
of wheat (Triticum sativem) and two of
bariey (Hordeum  wvulgare) under
greenhouse  conditions. Seeds of
genotypes under study are collected
from the Plant Materials Center,
Arizona, USA. Saline irrigation water
was artificially prepared using a mixture
of NaCl and CaCl, salts. The levels of
salinity were 500, 1000, 1500, and 2000
mg/l. The fifth treatment was the
irrigation with ground water having a
salinity level; of 3430 mg /1. The control
treaiment was the fresh water of 390
mg/l. Seeds of the two genotypes of
wheat (““A> and “*B’’) and the two
genotypes of barley (*°C” and “D’)

were sown in a sandy calcareous soil,
Plant growth parameters and mineral
concentrations were determined afler
12 weeks from planting.

The obtained resulis showed a
negative relationship between plant
growth and the irrigation water salinity.
Increasing the irrigation water salinity
level led to a significant reduction in N
and P uptake but an increase in K
uptake by plants. Iron, Mn, Cu and Zn
uptake were significantly decreased in
all genoiypes of barley and wheai.
Barley plants is more able to grow than
wheat plants under the similar
conditions. The barley genotype D had
a great ability to build up more dry
matter in their tissue under such
unfavorable conditions. This barley
genotype is relatively more tolerant to
saline conditions than wheat genotypes
and could be recommended to grow on
the sandy calcareous soils.
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Introduction

In arid and semi-arid regions,
saline waters may provide a valuable
water source for the irrigation of

selected crops as water quality and
quantity become limited and as a
demand for quality water increases.
In recent years, competition for
fresh water has increased between
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agricultural and urban users due to
population growth in many regions
(Parsons, 2000)Most of the
problems that face the agriculture in
these regions are the salinity of
irrigation water as well as water
shortage. Most of the Egyptian lands
for which the Nile water is not
available lie in the western and
castern deserts. Therefore, other
water resources for irrigation
demands must be used or looked for.

- Egyptian agronomists are facing
several problems during cultivating
the newly reclaimed soils, such as
water deficit and water salinity as
well as soils of high content of
soluble salis. Consequently, it would
be promising if these soils could be
cultivated by glucophytes, especially
the suitable cultivars of wheat and
barley  which  have  good
performance with less damage and
high productivity under these
conditions.

Wheat is one of the most widely
cultivated and important cereal
crops in Egypt, and considered the
main source of food, Since the
national production is not sufficient
to meet the annual food demand, it
is very important to increase the
annual wheat production. Barley is
another cereal crop which is grown
for green forage, feeding animals
and Arabian tribes and malt in the
brewing industry. Salinity limits the
growth and distribution of natural
vegetation and yield of cultivated
plants more than other

environmeital factors (Selim and
El-Gamal,2004),

The purpose of this investigation
was to determine the productivity of
some American genotypes of wheat
and barley under Egyptian
conditions when grown on sandy
calcareous soil and irrigated with
saline waters.

Materials and Methods

pot experiment was carried out in
the greenhouse at the experimental
farm, Faculty of Agriculture at
Qena, South Valley University,
during the winter season of
2002/2003t0 study the effect of
saline irrigation water on the
growth, yield and nutrient uptake by
two genotypes of wheat and two
genotypes of  barley. The
experimental design was completely
randomized, including six levels of
saline irrigation water and four
genotypes (two of wheat and two of
bariey) with four replications. The
six salinity levels of irrigation water
used, were fresh water (390 mg/l)
as a control, 500, 1000, 1500, and
2000 mg/l. as well as ground water
having 3430 mg/l. Treatments 2-5,
were artificially prepared using a
mixture of NaCl and CaCl; salts of a
2:1  molecular weight ratio..
Analysis of fresh water and ground
water are shown in Table 1. Wheat
genotypes were no. 322279 as
genotype A and no. 322280 as
genotype B, while barley genotypes,
were no 452422 as genotype C and
no. 508552 as genotype D. Wheat
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and barley genotypes were brought
from, the Plant Material Center,
Arizona USA to be tested under
Egyptian conditions.

The soil material used in this
experiment was collected from the
surface layer (0-30 cm) of the
experimental farm, Faculty of
Agriculture at Qena South Valley
University. The soil material that
passed through 2 mm sieve was
placed in plastic pots of 15 ¢m depth
and 20 cm diameter. Each pot
contained 5 kg soil material and
twenty seeds of each cultivar per pot
were planted. After germination,
seedlings in each pot were thinned
to 10 plants/pot. Soil moisture was
maintained at the field capacity
during the course of the experiment.
Irrigation was applied every 5 to 7
days. Nitrogen was applied to each
pot as ammonium nitrate (33.5%} at
a level of 300 kg /fed in two equal

doses. The two doses were applied
four and eight weeks after planting,
respectively. Superphsphate
fertilizer (15.5 P,05%) was added to
each pot at a level of 100 kg/fed.,
and potassium was applied to each
pot as potassium sulfate (48 % K,0)
at a level of 100 kg/fed.
Superphsphate and potassium sulfate
were applied before planting, during
the soil preparation. After 12 weeks
from planting plants were harvested.
At harvest, height and fresh and dry
weight of the plants in each pot were
recorded. The soil material used had
a sandy texture with 86.2% sand,
8.6% silt and 52% clay, 12%
calcium carbonate, pH of 7.9 and
0.12% organic matter, 0.02% total
N, 6.4 ppm available P. The soil
water content at saturation and field
capacity were 22.1 and 14.5%
{v/v), respectively.

Table(1): Anzlysis of fresh water and ground water used in the study.

1 irrigation EC D8 pH Soluble cations (mmol/1) Soluble anions {mmol) SAR
Water {dS/m)
Ca” [ Mg | Na' | K* [ €O~ [ HCOs | CT | SO,
O
Frcsh o6t | 30 920l iss| 065! 15 (o2 Nt | 14 |28 | 10] 10
water
n
Ground | 53¢ | 339 | 956123 [ 35 |410] 14| Nit | 65 | 360 55 | 171
waler
i

Plant analysis

The plants were washed with
distilled water, oven-dried at 70 °C
and ground by mill. Three

subsamples of plant tissues were
analyzed. Total nitrogen was
determined by kjeldahl methed
(Jakson, 1967), Phosphorus conient
estimated by the chlorostannous
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molybdophosphoric  blue colour
method in sulphoric acid system
(Page et al.,1982). Concentrations of
Fe, Cu, Mn and Zn were determined
by atomic absorption spectroscopy
and Ca, Na, K were determined by
the flame photometer afier triacid
(HNO3:H;S80:HCLO; of the ratio of

16:1:4)  digestion. Data were
statistically analyzed using
procedures described in Steel and
Torrie  (1960). Means  were

compared using the least significant
difference (LSD) test at the .05
ievel of confidence.

Results and discussions
Plant growth

The salinity levels of irrigation
water caused reductions in the
studied growth parameters of wheat
and barley plants. The lowest
salinity level (500 mg/l} caused a
significant reductions of 10.6 and
7.05 % in the fresh weight, 18.7and
5.70 % in the dry weight and 6.9 and
6.50 % in plant heighi of wheat and
barley plants respectively, compared
with the controi. Meanwhile,
irrigation with saline water of 3400
mg/t (ground water) caused a
significant reductions of wheat and
bariey plants of 42.4 and 34.5% in
the fresh weight, 47.9 and 37.0 % in
the dry weight and 28.5 and 29.5%
in the plant height (Figure 1). These
results are in agreement with those
obtained by (Shazia, 2001; Badr and
Shafei 2002; Abd Allah et al. 2003
and Selim and El Gamal, 2004).

In general, salinity can reduce the
plant growth or damage the plants
through a) osmotic effect (causing
water deficit)(b) toxic effects of
ions, and (c) imbalance of the uptake
of essential nutrients. These modes
of action may operate on the cellular
and influence all the aspects of plant
metabolism {Shazia, 2001;
Ashrafuzzaman et al. 2003).

The differences among the mean
values of fresh weight, dry weight
and plant height of both studied
wheat  genotypes  were  not
significant (Table 2). Using fresh
irrigation water, higher values of the
fresh weight, dry weight and plant
height were recorded for genotype B
compared with those of genotype A.
Moreover, under the highest salinity
level of irrigation water, genotype B
had higher values of the fresh
weight, dry weight and plant height
than genotype A. This superiority
means that genotype B has a great
ability to build up more dry matter
in its tissucs under such
unfavourable conditions. (Saleh et
al. 1997; Hu and Schmidhlter ,1997;
Shazia, 2001 Ei-Sodany, 2004)

The results in Table 2 mdicaie
also that the interaction between
salinity and wheat genotype was
significant for all studied growth
characters. The highest values of the
fresh weight, dry weight and plant
height were recorded for genotype B
that was irrigated by fresh water.
However, the lowest values of the
fresh weight and plant height were
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found for genotype B that was
irrigated by the salimie ground water.
Meanwhile, the lowest values of the
dry weight was shown for genotype
A that was irrigated by ground
water. The fresh weight, dry weight
and plant height for both wheat
genotypes were decreased with
increasing the saline irrigation water
level. The reductions for both
genotypes were relatively higher in
the dry weight than in the fresh
weight. The reductions in the three
studied growth parameters for both
genotypes at the highest salinity
level of irrigation water did not
exceed 50% of these parameters
when the fresh water was used for
irrigation.  Salinity may affect
different metabolic processes, such
as CO, assimilation and protein
synthesis. The salinity does not only
change the physical and chemical
characteristics of the soil but also
adversely affect plant growth
(Hassan et al., 1970 and Suhayda et
al.,1992). The reductions in the plant
height for genotype A using the
saline irrigation water having 500,
1000, 1500, 2000, and 3430 mg/l
were 7.8, 9.2, 11.8, 16.]1 and 27.8%,
respectively compared with 5.8,

14.1, 156, 206 and 40.3%,
respectively, for genotype B.
Meanwhile, the respective

reductions in the fresh weight for
genotype A were 3.0, 11.1, 15.6,
19.8 and 40.8% and for genotype B
were 17.5, 34.6, 35.2, 37.7 and
43.9%. Moreover, genotype A had
respective reductions in the dry

weight of 15.5, 17.1, 21.6, 41.0 and
49.1% but for genotype B, values
were 21.3, 42.1, 456, 46,0 and
46.9% .These results are in the same
line with those recorded by Nadia
(2000), Noureldin et al. (2000) and
Nassem, (2001).

The differences between the
mean values of both studied
genotypes of barley due to salinity
were pot significant for the fresh
weight and plant height, while they
were significant for dry weight
(Table 3). Results showed that
genotype D had higher mean values
of the fresh weight, dry weight and
plant height than those of genotype
C. Under the use of fresh water,
higher values of fresh weight, dry
weight and plant height were
recorded for genotype D compared
with genotype C. However, using
the highest salinity level of rrigation
water, genotype D had also higher
values of fresh weight, dry weight
and plant height than genotype C.
This  superiority under such
unfavorable conditions means that
genotype D has a great ability to
build up more dry matter in its
tissues than genotype C. Therefore,
genotype D could be considered
more tolerant to saline conditions
than genotype C. Khalifa and
Rushdi (1980) showed that the dry
matter production of barley cultivars
was decreased with increasing soil
salinity.

Table 3 also showed that the
interaction between salinity and
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barley genotypes was significant for
all studizd growth characters. Highest
values of fresh weight, dry weight and
plant height were found for genotype
D that was irrigated by fresh water,
On the other hand, the lowest values
of these respective parameters were
recorded for genotype C that was
watered by ground water. The fresh
weight, dry weight and plant height of
both studied barley genotypes were
decreased with incrzasing the salinity
level of imrigation water. The
reduciion in the dry weight of both
genotypes was refatively higher than
in the fresh weight (Fig. 2). The
reductions in the plant height for
genotype C due to the irrigation with
saline water having 500, 1000, 1500,
2000, and 3430 mg/1 were 4.7, 164,
247, 24.7 and 32.3%, respectively,
compared with use of fresh water. The
respective reductions for genotype D
were 8.3, 15.3, 21.2, 21.2 and 27.0%.
Meanwhile the respective reductions
in the fresh weight for genotype C
were 2.9, 6.2, 7.9, 11.7 and 34.2%,
and for genotype D were 10.7, 21.5,
244, 246 and 34.8%. Moreover,
genotype (¢ showed  respective
reductions in the dry weight of 2.2,
50, 6.0, 97 and 42.9% but for
genotype D the reductions were 8.4,
226, 226, 259 and 32.7%.
Meanwhile, the relative value of the
fresh weight, dry weight and plant
height for both genotypes due to the
irmigation with saline water were
decreased due to increasing the
salinity level of irigation water.

Nutrient Contents
Nitrogen (N)

The uptake of N by wheat and
barley plants was significantly

decreased due to increasing the
salinity level of irrigation water
(Tables 4 and 5). A negative
relationship was obtained between N
content in plant tissues and the salt
concentrations of irrigation water. The
interaction effects of the salinity of
irrigation water and genotypes on N
uptake  showed, a  significant
difference between the two genotypes.
The highest values of N uptake (80.6
mg/pot) were recorded for genotype B
of wheat irrigated by fresh water,
while the lowest ones (19.4 mg/pot)
was found for genotype A using the
saline ground water (3430 mg/l).
Meoreover, highest values of N uptake
(201.1 mg N/pot) were found for
barley genotype D. [t is obvious that
wheat genotype B and barley
genotype D tolerate more salinity and
have more ability to absorb N under
different salinity levels of irrigation
water than wheat genotype A and
barley genotype C that has lower N
coutent. {(Zein et al. 2002). The
decrease in the nitrogen uptake may
reflect the increasing in  sodium
chloride in irrigation waier with
increasing salinity. This led to
increase  chlorine  uptake and
accumulation is mostly accompanied
by a decrease in shoot nitrate
concentration (Mostafa (1995; Garg
and Gupta, 1997; El-Garhi et al
2003).
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Tabie(2): Effect of salinity of irrigation water on the fresh weight, dry

weight and plant height of wheat genotype plants

Salinity Fresh weight Dry weight Plant height
leved (gfpot) {/pot) (cviplant)
(mg/h) Genotype | Genotype | Mean | Genotype | Genotype | Mean | Genotype | Genotype Mean
A B A B A B
Control 601 i 678 6.39 444 520 4.82 510 533 522
500 583 5.58 51 375 4.09 392 410 50.2 486
1000 534 442 4.88 368 im 338 46.3 45,8 451
1500 5.07 4.38 ] 4,73 348 2.83 3.16 450 45.0 450
2000 4.82 421 452 262 2.81 272 428 423 42,6
3430 3.56 379 368 126 276 2.51 368 KR 373
Mean 5.1t 4386 337 345 4438 457
§.8Dgps
SalinityS. 118 058 22
GenotypeG s ns. ns.
SXG 147 119 5.19

» Each value represents the mean of 4 replications

i - resh weigitdp—n

dry weight-—fe= plant height

106 !

60

a0

Relative growth yield (%)

2

3430

Coatroi 300 1500

Figure(1): Mean effects of salinity of irrigation water on the relative
reductions of the studied growth parameters of wheat plants
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Tabie(3): Effect of salinity of irrigation water on the fresh weight, dry
weight, and plant height of barley genotype plants.

Salini Fresh weight Dy weight Plant height
inity , m/olant]
fevel {e/por) {a/pot} {emiplant)
{rig) Genotype { Genotype | Mean | Genotype I Genotype | Mean | Genotype | Genotype Me
C D C D C D ~ean
Control 12,637 14.89 13.76 .47 11.49 .98 588 60.0 59.9
! 500 i2.27 13.30 1279 3.28 10.53 941 57.0 550 560
1000 11.85 i1.69 11.77 805 ‘8.89 &47 50.0 50..8 525
1500 P1.43 11.26 HES 7.96 §.8G 243 45.0 473 479
2000 1013 1123 iL19 7.65 8.51 8.08 43.0 47.3 46.2
3430 831 9.7 2.01 4,84 7.73 6.2% 40.5 43.8 422
Mean 1.3 1201 754§ 934 49.6 50.7
) L )
LSDg a3
SaliniyS ;39 098 332
| GenotypeG | ;4 0.59 n.s
L &G ' 145 408
¢ Each value represents the mean of 4 replications
'—@—  Freshweight——  dry weigh'—A—  plant height
120-
160"
9 :
5 80
T B
- .
= .
R
E H
m i
£
E i
(23
[~ 20+
P . B U
Coniroi 500 000 1500 2000 3430
lrrigation water salinity mg/l

Figure{2): Mean effects of salinity of irrigation water on the relative
yield of the studied growth parameters of bariey plants
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Phosphoras (P):

The uptake of phosphorus by wheat
and barley piants was significantly
decreased due to increasing the
salinity of irrigation water. Significant
differences in P uptake were found
between both wheat and barley
genotypes (Tables 4 and 5). Genotype
A showed higher values of P uptake
(163 mg P /pot ) than genotype B
(14.1 mz P/pot) when irrigated with
fresh water, In case of barley plants
the genotype D had a higher P content
than genotype C. The highest P
content of wheat genotype A and
barley genotype D may be associated
with the ability of these genotypes o
develop a strong root system
necessary for absorption of P {(Abou-
Zeid et al., 1999 ). Wheat genotype B
and barley genotype C were much
more adversely affected by water
salimty  than  genotype  Wheat
genotype A and barley genotype D.
These results are in an agreement with
those of Soliman et al. {1994). The
interaction between salinity and P is
very complex and there is no clear cut
mechanistic explanation for decreased
P uptake in response to salinity of
irrigation water in different plant
species. However, it 1s known that P
uptake is related to thc rate of
photosynthesis. Meanwhile, decrease
of P in leaves  decrcases the
conversion of fixed carbon into starch
and will reduce shoot growth, (Grattan
and Grieve, 1992 and Hag et al.
2003).

Potassium (K):

Unlike N and P; K uptake by wheat
and barley plants significantly
increased with increasing the salinity
level of irrigation water (Tables 4 and
5). Concentrations of K in wheat
plants increased from 2.11% {using
fresh water) to 4.24 % when the saline
ground water (3430 mg/l} was used
for irrigation. Moreover, in barley
planis the mean values of K uptake
were increased from 205+ mg K/pot,
with using the fresh water to 326.8 mg
K/pot, when the highest leve] of saline
irrigation water was used for
urrigation. Significant differences in K
uptake were found between both
wheat and barley genotypes (Tables 4
and 5). Wheat genotype A and barley
genotype C showed higher values of
K uptake than wheat genotype B and
barley genotype D. Increases of K
uptzke by plants due to the irrigation
with saline water could be attributed
to the release of this nutrient from the
exchangeable form to the soil solution
that becomes available for plants. The
interaction effects of water salinity
and wheat and barley genotypes on K
concentrations  were  significant
(Tables 4 and 5). Concentrations of K
in each genotype was increased with

increasing the salinity level of
irrigation  water  (Nadia, 2000).
However, under  high satine

conditions, it could be useful to apply
additional K fertilizers to wheat and
barley plants to overcome the effect of
salinity (Sherif et al, 1998).
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Tabie {(4); Effect of salinity irrigation water on N, P, K uptake by the plants

of wheat genotypes

[ Wheal Saline water (mg/!)
| sgenotype
Control 500 1000 1500 2000 3430 Mean
N {mg /pot)
A “64.4 9.9 46.0 435 | 37 194 416
B 80.6 593 35.7 37.1 363 33.6 478
Mean 72.5 54.6 54.6 403 315 26.5
L.S.Dous "S=103 MG= 58 SxG_=105
P (g /pot)
A 16.3 10.8 104 9.6 71 6.1 10.0
B 141 0.9 7.8 72 6.8 5¥ 83
Mean 15.2 109 9.1 8.4 70 50
LSDews | 5=41 G=14 SXG =10.t
K (mg /pot}
A 9.9 106.1 1248 122.8 10458 1013 110
8 1024 814 84.6 99.1 102.3 109.5 96.5
Mear: 161.2 938 104.7 1110 635 | 1054
LSDges | S- 0192 G=0.12 SxG =8.6
» Each value represents the mean of 4 replications, **S salinity level’,
**%( genotype

Table (§): Effect of salinity of irrigation water on N, P, K uptake by the
lants of barley genotypes

Barley Saline water (mg/l}
genotype _
Control 500 1000 1500 E 2600 3430 Mean
N tmeg/pot)
C 143.1" 1250 1§59 1122 101.8 445 107.1
D 201.1 169.5 1262 119.1 1815 974 137.5
Mean 172.1 147.3 1211 115.7 106.6 71.9
L.S.Dgny "§=53 T G=214 SxG=6.5
¥ (mpfpot)
C 23.6 i87 [ 181 17.5 16.3 9.4 17.3
D 516 44.3 296 234 20.4 i4.1 30.3
Mean 37.6 313 235 21.5 18.4 118
L.5.D g5 S$=21 G=12.6 3xG=3.1
K {mg/pot)
C 1923 2070 2729 305.7 314 3528 273.7
D 2155 259.0 2791 3254 3276 3278 289.7
| _Mean 205.9 233.0 2760 3155 319.5 3268
L.S.Daes S=1.1 G= 158 Sx(G= 504

» Each value represents the mean of 4 replications, **S salinity level, ***G

genotype
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Micronutrients (Fe, Mn, Zn and
Cu):

There was a significant reduction
in the uptake of Fe in wheat and
barley plants in response to the
increase  of salt concentration.
Concentrations of Mn did not
change significantly in bariey plant
while it was significantly declined in
wheat plants in  response to
increasing the salt stress. There was
a gradual decline in Cu content of
plants in response to water salinity.
A negative relationship was
obtained between soil salinity and
concentration of Zn (Saleh et al.,
2002), The interaction effect of

salinity level of irrigation water and
wheat and barley genotypes showed
that wheat genotype A and barley
genotype D had higher values of Fe,
Mn ,Zn and Cu uptake than wheat
genotype B and barley genotype C
{Tables 6 and 7).

It is difficult to suggest mechanistic
explanations of salinity influence on
micro-nutrients uptake due to the
relatively  smaller  diffcrences
between control and plants irrigated
by saline water and the non-linear
relationships between the content of
micronutrients in plant tissues and
irrigation water salinity .

Table (6): Effect of salinity of irrigation water on Fe, Mn, Zn and Cu uptake
by the plants of wheat genotypes

Wheat Saline water (mg/l)
genotype
Controi | 506 1 000§ 1500 | 2000 [ 3430 | Mean
e {(mg/pot}
A 397 297 251 228 165 128 1 244
B 4.78 322 231 1.86 1.76 137 2,55
Mean 4.38 3.09 241 207 1.71 1.33
1.5 D g0s §=023 =010 Sx(G =0.12
Mn (ug/pot)
A 1343 966 765 510 365 239 698
B 1284 943 649 303 29]3 266 623
Mean 1314 954 07 406 329 253
L.SD G505 5=9 G=710 SaG =15
Zn {(ug/pot)
A 997 827 702 681 493 409 690
8 1124 803 656 587 478 444 647
Mean 1061 815 656 387 485 427
LSy 05 S=72 G=33 SxG =24
Cu (ug/pot)
A 306 177 168 118 52 18 140
B 333 214 100 80 56 42 137
Mean 319 196 134 99 54 30
LS.Des §=4% G=2 Sx(G =6
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Table (7): Effect of salinity of irrigation water on Fe, Mn, Zn and Cu uptake
by the plants of barley genotypes

Barley Saline water (mg/1)
genotype Controt | 500 [ 1000 [ #5900 T 2000 | 3430 | Mean
Fe {mg/pot)
A 728 6.63 5.63 5.56 483 296 499
8 i1.32 9.63 743 711 6.62 5.69 798
Mean 9.30 8.16 6.53 6.34 5,73 433 i
LSDaus S=015 G=199 SxG = .45
Mn (ug/ pot)
A 1067 994 942 200 861 465 872
B 1390 1164 978 G945 902 783 1027
Mean 1229 1079 960 923 882 624
LS.Doos §$=130 G=119 SxG= 42
. Zn (ug/pot)
A 1144 1071 966 207 757 416 877
B 1383 1222 934 749 713 417 903
Mean 1264 1147 950 828 736 417
LSDqges $=115 G=ns Sx(G= 31
Cu (ug/pot)
A 334 319 292 255 199 121 253
B 439 400 194 294 239 186 312
Mean 196 360 293 278 219 154
L5 oos §=20 G=151 S5xG= 13

In conclusion,

First: the primary results indicated
the ability of the studied wheat and
barley genotypes to grow with the
irrigation by saline ground water
under a similar experimental
conditions.

Second: the large-scale and field
application of the findings of our
research, is necessary to proof final
gaudies for the studied new USA
genotypes of wheat and barley.
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