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Effect of Saline Irrigation Water and Leaching
Fraction on Seil Salinity, Wheat Yield and Water
Use
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GREENHCUSE experiment was conducted to study soil salinity

changes, wheat growth, and water use as affected by different
salinity levels (EC;) and leaching fractions (LF). Eighteen large
columns (20 ¢cm in diam. and 120 cm depth) were packed with sandy
clay loam soil and after that were planted with wheat (Triticum
aestivium L. var. Sakha 69). Three salinity levels having electrical
conductivity values of 4.6, and 8 dS/m were used in this study with an
ammount to provide two leaching fractions ( 0.20 and 0.30). After each
irrigation, the drainage water from each column was collected and its
volume and electrical conductivity were measured. Salt balance was
performed by comparing the total amount of salts drained into the
drainage water and the total amount of salts contributed by irrigation
water during the experimenta! time. At the time of maturity wheat
plants were harvest and soil samples were taken at different depths for
analyses. The results indicated that soil salinity { EC,) and sodium
adsorption ratio ( SAR,) were increased as EC; increased or LF
decreased. The salt balance data indicated that salt accumulation ( salt
input- salt output) increased by 67.2¢ % as ECi increased from 4 to 8
d$/m., while increasing LF from 0.20 to 0.30 decreased salt
accumulation by 9.9 %. The resuits also indicated that 67.9 and 54.3%
of the salts added during the experimental period were stored by the
soil for 0.20 and 0.30 LF, respectively, regardless of salinity levels.
Grain yield of wheat were not affected neither by EC; nor by LF
treatments. Although, water use was decreased significantly by 21% as
EC; increased from 4 to 8 dS/m, it was not influenced by LF. Straw
vield the vegetative vigor parameter and water use-efficiency were
decreased significantly only at 8 dS/m., while they were not varied due
to LF variations. Water use- efficiency for 0.20 LF was significantly
higher compared with that of 0.30 LF, indicating that the same grain
yield of wheat can be produced with lower amount of water.
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Low quality of irrigation water such as drainage and well water has been used in
some Egyptian lands for irrigation whenever the Nile water not available. Such
irrigated lands are being subjected to salt accumulation, because plants absorb
and transpire water from soils, leaving salts of the irrigation water to build up in
the soil. Low quality waters used in irngation contain appreciable quantity of
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salts up to several tons of dissolved salts per acre are applied in the arid regions
{Rhodes, 1968; Rhodes & Bemnstein, 1971 and Kaddah & Rhodes, 1975). These
salts frequently accumulate int soil to the point that plant growth is reduced unless
it is removed by leaching (Rhodes er al., 1973). Rain fall is generally insufficient
in arid climates to leach salts. Management of saline water must be oriented to
minimize the potential pollution of the ground water as well as to provide an
adequate environmental for plant roots. The salt coniribution to ground water or a
river system from irrigated land in dry climates could be reduced to zero by
elininating any leaching of the root zone (Jury et al, 1978b). Several recent
studies have indicated that decreasing the leaching fraction may reduce the
amount of salt in the immigation return flow because (i) it maximize the
precipitation of carbonate and gypsum, (ii) it minimize soil mineral weathering,
and (iii) it maximized the amounts of soluble salts stored in the soil profile and
not returned in the drainage water (Rhodes et al, 1973 and Oster & Rhodes,
i975). An association between irrigation water quality and soil chemical
properties such has been demonstrated by various researchers (Bingham et al,
1979; Zartman & Gichuru, 1984; Costa et al., 1991 and Wienhold & Trooien,
1995). They concluded that ECe, SARe, and Na- hazards were increased as a
result of using poor quality water in irrigation, The aim of the present work was
to a quantitative study of soil salinity changes as a result of irrigation with water
of different salinity levels and applied at different leaching fractions, The design
of the experiment allowed as well to investigate water use of wheat as affect by
treatments.

Material and Methods

A greenhouse experiment was conducted during 2001/2002 growing season in
eighteen large columns (20 cm in diam. and 120 cm depth). A 10 cm layer of
sand gravel was placed at the bottom of each column. The columns were then
packed to field bulk density (1.28 g/cm’) with sandy clay loam soil (22% clay,
12% silt and 66 % sand) represents an alluvial soil. Water content of the soil at
0.3 and 15 bars of matric suction were about 34 and 16 %, respectively. The soil
had a pH value of 7.6, an electrical conductivity of the saturation extract (EC,) of
1.2 dS/m, and a sodium adsorption ratio (SAR,) of 6.9. Drainage outlets in the
gravel sand layer of cach column were connected by tubing to 2- L bottles for
drainage collection. After soil packing all columns were fertilized with supper-
phosphate (15% P, Os) at the rate of 30 Kg/ faddan each. The columns were then
planted with wheat (Triticum aestivium L, var. Sakha 69). After emergence the
plants were thinned to 5 plants / column. Nitrogen fertilizer was added at the rate
of 90 kg N/ fed. in two splitting doses. The first dose was added three weeks after
sowing, the second dose was added one month later. All columns were irrigated
with none-saline water duning the first two weeks after germination. Then, the
none- saline water was replaced with saline- water treatments. Three salinity
levels were constructed from dilution of sea water to give electrical conductivity
values {EC;) of 4,6, and 8 dS/m (Table 1). The irrigation water treatments have
SAR values between 13.6 and 22.9 and classified as C,-S; waters for 4 and 6
dS/m and as C4-S; waters for 8 dS/m according to U.S. Salinity Staff (1954),
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TABLE 1. Composition of irrigation waters used in the experiment.

EC - Soluble cations, meq/l Soluble anions, meq/l | gAR*
P
dS/m Ca® Mg® Na° K | CI° HCOy SOF

4.0 7.25 25 6.41 300 627 35.0 1.30 37 13.6
6.0 7.55 3.0 9.65 438 050 534 1.67 49 17.0

8.0 7.76 4.0 12.3 66.2 0.96 71.3 2.20 6.4 22.9

* SAR= Na*/ [(Ca® +Mg"¥/2]*?, all concentrations are expressed in meqg/l .

The experimental arrangement permitted to weigh the columns freely using an
electronic scale of 20 g accuracy. Column weights at field capacity, wilting point;
50 % and 60% available water were then reported, Imrigation was imposed
whenever the column available moisture reached the range 50-60%. The quantity
of irrigation water for each column exceeded than the measured evapo-
transpiration (ET) to establish two different leaching fractions (LF); 0.20 and
0.30. Evapo-transpiration was estimated using the conventional equation:

ET=N-Dv (1)

Where: Iv = volume of irrigation water, and
Dv = volume of drainage water

After each irrigation, the drainage water from each column was collected and
its volume and electrical conductivity (ECy) were measured. The amount of water
applied as irrigation (reported as cm/unit area) and the leaching fraction attained
during the experimental period are shown in Table 2. The irrigation water depths
ranged from a high of 79.63 cm for treatment (4 dS/m, 0.30 LF) to 54.11 cm for
treatment (8 dS/m, 0.20 LF). The average leaching fraction achieved over the
experimental period for each column is also given in Table 2. Treatments
designed for a leaching fraction of 0.20 averaged 0.193 and those for .30
averaged 0.327. Salt balance was performed by comparing the total amount of
salts drained into the drainage water and the total amount of salts contributed by
irrigation water during the experimental time. At the time of maturty wheat
plants were harvest and soil samples were taken to a depth of 90 cm by dividing
the soil column into six 15- c¢m sections. Sub-samples were taken and brought
back to the laboratory to obtain the saturation extracts. All major cations and
anions were analyzed along with the electrical conductivity (EC.) according to
procedure outlined by U.S. Salinity Staff (1954). The experiment was laid out in
a randomuzed complete block design with three replications. Data were
statistically examined for treatiments with the analysis of variance and multiple
linear regression (SAS Institute, 1990).
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TABLE 2. The amount of water applied as irrigation and leaching fractions attained
during the experimental period.

Leaching Irrigation salinity, dS/m
fractions 4 6 8

Water applied , cm

0.2¢ 70.95 65.64 54.11

0.30 79.63 68.32 65.36
Leaching fractions attained

0.20 6.19 0.19 0.20

0.30 0.33 0.33 .32

Results and Discussion

Salt distribution

Electrical conductivity of the paste extracts (EC,) was considerably affected
by salinity of irrigation water and leaching fraction used (Fig. 1). The EC, vaiues
had increased in the upper 15 cm of the soil profile to levels exceeding salinity of
irrigation water (EC;) and uniformly distributed with soil depth down to 75 cm.
Thereafter, they were increased near bottom and being greater in magnitude for 8
dS/m water. At equal salinity level, EC, tended to increase as the leaching
fraction decreases from 0.30 to 0.20. This pattern suggests that leaching remove
salts from the surface and from the root zone deposing them lower in the soil
profile and was most evident for § dS/m water. The results were agreement with
those obtained by pervious workers (Bower ef al., 1969; Bower et al., 1970; Oster
& Schroer, 1979 and Costa et al., 1991). The linearly averaged salt concentrations
(C) for the 0 to 90 ¢m depth were calculated using Eq. (2), which is the definite
integral of EC, from 0 (soil surface) to Z ( lower depth).

C =

ECecz (2)

O
O

i
Z

The relationship between the average of soil salinity (C) and irrigation water
salinity (EC;) and leaching fractions (LF) was found as follows:

C=31+109EC,-79LF, 3)

Where4 <EC; <8and 0.20 <LF =0.30
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Fig. 1. Soil salinity {EC,) with soil depth as a function of salinity of irrigation water
and leaching fraction.

The partial regression coefficients of EC; and LF, as seen above, are positive
and negative, respectively, indicated that C increased with increasing EC; and
decreasing LF. The high R? value (R*=0.97**) indicates that 97 % of variability
in the average of soil salimity (C) was due to variation in irrigation water salinity
and leaching fractions.

Sodium adsorption ratio (SAR.) of the paste extracts was appreciably
influenced by salinity of irrigation water and leaching fraction (Fig. 2). SAR,
values increased as salinity of irrigation water increased and uniformly distributed
with soil depth. At salinity of irrigation water of 4 and 6 dS/m, SAR, increased as
the leaching fraction decreased from 0.30 te 0.20, while at EC; of 8 dS/m the
effect of leaching fraction was not obvious. The linearly averaged sodium
adsorption ratio in soil paste (S) were calculated at the end of the experiment
using Eq.{2) by substituting SAR, for EC, Multiple linear regression of EC; and
LF against S is given by the following equation:

§S=550+256EC,—[4LF -meeee- 4)
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Fig. 2. Sodium adsorption ratio (SAR,) with soil depth as affected by salinity of
irrigation water and leaching fraction.

Equation (4) showed that 98% of variability (R>=0.98"") in the averaged S was
related to both ECi and LF. As salts in the irrigation water are added to the soils,
the concentration of Na, Ca, and Mg increase, resulting in an increase in EC,
However, as in the present study, SAR; values increased widely with increasing
EC;( Table 1) since the main cation is Na. Jury et al. (1978a), Jury et al. (1978b),
Costa et al (1991) and Wienhold & Trooien {(1995) in their studies found that
when the salt concentration becomes great enough, minerals such as gypsum and
calcite will begin to form. As additional salts are added, the concentration of Ca
no longer increases while that of Na and Mg continue to increase due to minerals
precipitation, resulting in an increase in EC, and SAR..

fons distribution

The distribution patterns of soluble ions in the soil were controlled primarily
by salinity of irrigation water and leaching fraction. This is readily seen in Fig.3,
where Na®, Ca™, Mg™", CI' and SO, followed a distribution patterns similar to
that of EC. Moreover, the concentration of soluble of constituents generally
increased with decreasing LF. This effect is greatest with those solutes whose
solubility is normally exceeded in the soil solution, namely Na and Cl. Apart
from the stated trend of soluble ions, K showed a different distribution trend,
where K concentration at 15 cm depth were relatively higher than those found at
greater depths. This pattern suggests that K distribution very dependant on the
physico-chemical properties of the soil, and differs greatly with soil type {(Rhodes
et al, 1973 and Blake et al,, 1999).
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Fig. 3. Concentrations of sodium potassium, calcium, magnesium, and sulfate with
soil depth as affected by salinity of irrigation water and leaching fraction.

Salinity of drainage water
Salinity of drainage water (EC;) was generally higher at 8 dS/m than that
found at 4 or &6 dS/m, and being greater for 0.20 compared with 0,30 treatment
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(Table 3).By looking to ECy values towards the end of the experiment, they are
still far below the steady state value estimated from salinity of the irrigation water
and the leaching fraction (LF) by using the conventional steady- state salt balance
equation:

EC=EC/LF ———- (5)
Where
LF=DJ/I, {6)

EC; is the salinity of irrigation water. D, and 7, are the volume of drainage and
irrigation water, respectively. The measured salinity values were less than those
predicted, indicating that the steady state was not achicved and that further
irrigations would have been eventually raised the EC; values. The results
coinciding with the earlier observations of Jury et al. (1978b} and Devitt et al.
{1989).

TABLE 3. Salinity of drainage water measured and that predicted from the steady-
state salt formula over the experiment*.

Leaching Irrigation salinity, dS/m Mean |
fractions 4 p 8
Salinity of drainage water, dS/m
0.20 830 13.05 17.60 12.78
0.30 7.70 9.08 14.50 10.42
Mean 8.00 11.07 15.75
Salinity of drainage at steady state, dS/m
0.20 20,00 30.00 40.00 30.00
0.30 13.33 19.98 26.64 19.98
Mean 16.67 2499 33.32

* Values are mean of three replicates.

Salt balance

Salt balance was calculated for each columm based on EC and volume
measurements for water applied via irrigation and that collected in the drainage.
The components of salt balance for each treatment are given in Table 4 for the
study period. The major of salt input for this balance, of course, from irrigation
water. It was high as salinity of irrigation water and leaching fractions increased.
The same trend was observed for salt output in drainage water, which increased
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by 47 % as salinity increased from 4 to 8§ d8/m and increased by 60 % as LF
increased from 0.20 to 0.30. As shown in Fig. 4, salt accumulated in the soil,
expressed as the difference between salt input by imigation water and salt output
by drainage water (Salt,.), increased gradually with repeated irrigation and with a
magnitude being dependent on salinity and leaching fraction used. Furthermore,
increasing salinity of irrigation water from 4 to 8 dS/m increased Salt,, in soil by
67.20 %, while increasing LF from 0.20 to 0.30 decreased it by 9.9 % (Table 4).
Similar results were reported earlier ( Jury ef @l, 1978b; Hoffman ef al, 1983;
Costa et al, 1991 and Bustos er al, 1996). The percentage of salts added in
irrigation water accurnulated in the soil was calculated from Table 4 as follows:

Salt,, % = [(Salt input — Salt output} 100/ Salt inpuf] -------—----- (7

TABLE 4. Salt balance data as affected by salinity of irrigation water and leaching
fractions at the end of the experiment*.

Leaching Irrigation salinity, dS/m

i Mean
fractions 4 6 8

Salt input by irrigation water, g/column

0.20 57.04 79.14 86.99 74.39

0.30 64.00 8237 105.05 83.81
Mean 60.52 80.76 96.02
Salt output by drainage water, g/column

0.20 19.08 23.92 28.75 23.92

0.30 32.54 3521 47.20 3832
Mean 25.81 29.57 3798

Salt accumulated in soil, g/column

0.20 37.96 55.23 58.24 50.48

0.30 3146 47.16 57.24 45.49
Mean 3471 51.20 38.04

* values are mean of three replicates.
Multiple linear regression of EC; and LF against Salt,. % at the end of the
expetriment is represented by the following equation:
Salt,. % = 91 +0.78 EC;- [39 LF (8)
where 4 <EC, <8 and 0.20 <LF <030
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Fig. 4. Salts accumulated in soil as a function of time as affected by salinity of
irrigation water and leaching fraction.

The equation indicated that the LF was the dominating factor (R>=0.91**) in
dictating value of percentage salt added in irrigation water that accumulated in
soil. From the above equation, the results indicate that 67.9 and 54.3% of the
salts added during the experimental period were stored by the soil for (.20 and
0.30 LF, respectively, regardless of salinity of irrigation water. Despite the
differences in salt concentration in the irrigation waters, Salt,, % was basically
the same. Under the conditions of the experiment, results illustrate that the
fractional salts accumulation in soils through irrigation practices may be showed
a different trend than those suggested by the total salt concentration in itrigation
water.

Yield of wheat

Grain yield of wheat were not affected neither by salinity of irrigation water nor
by leaching fractions used. Increases of salinity in the columns were not sufficient
to cause a reduction in wheat yield. In the columns receiving the 8 dS/m irrigation
water, the average ECe at the end of the experiment was exceeded the ECe
threshold for wheat reduction which is 8.6 dS/m (Francois et al, 1986 and Mass,
1986). Therefore, it appears that salt tolerance of the wheat variety (Sakha 69) in
this experiment was considerably greater or salts did not accumulate in the soil to
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harmful extent, especially in the early stages of growth. Relative grain vield ( Y/ Y
max) was very high (0.81-1) suggesting that wheat crop was able to successfuily
adjusted to the range of salinity — leaching treatments imposed on the plants over
the study without major restrictions in grain yield. If the experiment had been
continued for longer period to obtain steady state salt conditions in all columns a
more dramatic impact on grain yield would probably have been observed. Straw
yield the vegetative vigor parameter, was not differed as salinity increased up to 6
dS/m . Further increasing in salinity of frrigation water to 8 dS/m, resulted in
decreasing straw yield by 10.5 % (Table 5). Vegetative growth was sensitive to
salinity than that found for grain. Straw yield damaged, perhaps, at the expense of
grain. The results are agree with those found by Francois et al. (1986), who found
that straw yield was sensitive to salinity than grain yield, with thresholds varied
between 2.3 and 4.5 dS/m according to the cultivar used.

TABLE 5. Grain yield, straw yield, water use and water use- efficiency of wheat plants as
affected by salinity of irrigation water and leaching fraction used.

Leaching fractions Irmigation salinity, dS/m - Mean
4 | 6 | 8
Grain yield, g/ column
0.20 2317 22.42 22.84 2281
0.30 21.00 18.77 20.74 20.17
Mean 2209 20.60 21.79
Straw yield, g/ column
0.20 25.62 24.60 2140 23.90
0.30 24.20 2180 23.20 23.10
Mean 2490a 23.20a 2233 b
Water use, cm
0.20 56.76 52.52 4328 4929
0.30 55.74 7.84 45.506 51.27
Mean 56.25a 50.18b 4442 ¢
Water use- efficiency, g grains/ cm water
0620 0.41 0.43 0.53 046 a
0.30 0.38 0.39 0.46 041 Db
Mean 040D 041 b 0350a

* Values within a column or a row followed by the same letter are not significantly
different at P < (.05 by Duncan’s multiple range test.

Water use (WU) and water-use efficiency (WUE)

Water use quantities reported as the average depths of water per unit of surface are
given in Table 5. Water use significantly decreased (21% reduction} as salinity of
firigation water increased from 4 to 8 dS/m, regardless of LF, while it was not varied on
base of LF. WUE did not vary with salinity of irrigation water up to 6 dS/m. Raising EC;
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to 8 dS/m, however, increased WUE clearly. Irrespective of EC;, WUE for 0.20 LF was

significantly higher compared with that of 0.30 LF, indicating that the same grain yield of
wheat can be produced with lower amount of water.

The data presented here give information about concentration and distribution of salts
and ions in soil resulting from irrigation with saline water with different amounts. Such
data can be used to estimate soil and drainage water salinity, assessing the fraction of
applied sait that must be removed in drainage water to achieve near maximum crop yield.
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