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INTRODUCTION

The River Nile is being the main source of the water in Egypt. It is truly
described to be its pulsing nurve and cornerstone of any development projects.
Egypt annual quota of the Nile water is 55.5 billion m® (El-Wakeel and
ElMowelhi, 1993) being used to the different water demands. When we are
looking to the future , the quantity of Nile water is not sufficient to the
requirements of drinking purposes , industrial development , horizontal expansion
of Agriculture , and other purposes. Therefore, we must be looking for another
sources of water. The reuse of drainage water is already practiced on a large

scale.

Egypt is one of the leading countries in the reuse of drainage water for
irrigation. At present, an average of about 4.6 billion m® of drainage water is
annually used for irrigation up to the year 2000. It has been planned to make use

of about 7 billion m® (El-Wakeel and EI-Mowelhi, 1993).

The farmers who suffer from shortage of fresh water, they readily used

agricultural drainage water.

Most of drainage water about 12.5 billion m®> (El-Wakeel and EIMowelhi,
1993) is thrown to the Mediterranean Sea and northern lakes and Suez canal. In
fact, drainage water is generally saline composition and concentration differs
from one location to another. Therefore, drainage water utilization in irrigation
purposes should have some effective changes on irrigated soils such as physical
properties and chemical properties. This effect depends on quantity and quality of

used drainage water.



The objectives of the present research are to study the possibility of drainage
water reuse with surface and drip irrigation systems and investigate its effect on

growth both corn and sunflower crop.



2.REVIEW OF LITERATURE

2.1.Sources of irrigation water in Egypt:

The Egyptian water budget consists of the following items:

1-The country share of the river Nile water which is fixed according to
international agreement at 55.5 billion cubic meter.

2-Minor quantities of underground water exploited from the western and eastern
desert reservoirs and reservoir underneath the Nile in the Upper Egypt.

3-Negligible amounts of rains that falls on the North East and North West coasts
and on the Nile delta. About 80 percent of the total of previous quantities
used for the irrigation.

4-Agricultural drainage waters which is due to land drainage.

(El-wakeel and El-Mowelhi, 1993) stated that an amount of about 4.6 billion
cubic meter of drainage water is annually used for irrigation. Up to the year 2000.
It has been planned to make use of about 7 billion cubic meter. Despite of the
availability of legislation for water pollution control in Egypt, majority of
drainage water courses receive untreated or insufficient treated wastes. These
wastes which pollute our natural resources are serious today and may

progressively become more serious in the year ahead.

2.2.Reuse of drainage water for irrigation:

Ismail ef al. (1978) reused the drainage water that come from the main drains
in Fayuam. The study revealed that the water from drains is not suitable for
irrigation without precaution. The water of EI-Wady and Batn Ahreet drains has
better quality than that of the other drains, because it does not cause alkalinisation

of the soils. This maybe due to their high calcium content.

El-Nahal et al. (1979) determined the possibility of using low water quality

for imrigating cotton, grown on both the Nile valley and delta lands and the



recently reclaimed land in the desert fringe. They used two sources of water for
irrigation, the first one was tap water and the other was drainage water. Their
results indicated that the drainage water of most of the main drains in the Delta

could be safely used for irrigating cotton plant, provided that adequate leaching.

Balba and Atta (1981) mentioned that the water quality of the main drains in
El-Behaira governorate varies considerably according to the drained area. In
order to utilize the water from these drains several specifications should be
followed as the application of leaching requirement (LRgc and LRgar). At the
same time the expected soil salinity (EC.)and the maximum allowable irrigation
water salinity (EC;y), should be taken into consideration. They added that the
blending water is a practice, which might be enable increased the amount of

water and the irrigated area.

Amer and Van der Zel (1983) studied the quality of Egyptian drainage
water for irrigation. They found that salinity of drainage water varied from one
drain to another with average concentration ranging from 400 to 5000 ppm. The
higher concentration being found in the areas subjected to upward seepage of
saline ground water. The salinity has been generally fluctuated seasonally as to be
high during the annual maintenance of the irrigation system in January and

February when the irrigation canals being emptied for period of twenty days.

El-Nahal et al. (1983) reported that the water of both Bahr El-bakr and El-
Wadi drains contained less than 1000 ppm salinity and their sodium adsorption
ratio (SAR) values were low throughout the year, it may be used directly for
irrigation. The total annual discharge of these two drains was estimated at about
0.6 billion cubic meters, which is sufficient to irrigate about 60000 feddans. They

suggested that, the water of Bahr El-Bakr drain maybe used for irrigating part of



the Salhia plain. El-Wadi drainage water can be used for irrigating new land areas

South of Ismailia canal.

Shehata et al. (1983) studied the possibility of reusing drainage water in El-
Menya, El-Mansoura and El-Beheira governorates. They also showed that in all
cases, the values of total soluble salts (TSS) and sodium adsorption ratio (SAR)
indicate the possibility of using this drainage water in irrigation without any side

effect.

Zartman and Gichuru (1984) stated that the use of poor-quality water for
irrigation can have pernicious of sodium adsorption ratio (SAR), soil salinity
(ECe) and potassium (K), To prevent or curtail further problems, it maybe
necessary to follow: (1) the following points to irrigate more frequently to
maintain a greater soil water quantity and limit osmotic potential, (2) to alternate
irrigation with blow down water (BDW) and better quality water to dilute the salt
concentration, (3) to use extra water to satisfy the leaching requirement, or (4) to
improve the methods of irrigation to get better control of water flow and
distribution. Water application method and management practices are likely the

keys for successful irrigation.

Rolston e al. (1986) indicated that salt tolerant crops could be grown
successfully under irrigation with either saline drainage water or a combination of
saline and good-quality waters. But the long-term suitability of soils for cropping
under these conditions depends on their water and air permeability and on soil

structural properties which control the friability of seed beds.

Ayars et al. (1988) studied the management of saline irrigation water in arid
areas with shallow ground water. They found that it is possible to use saline EC

equal to 8 ds/m water salinity in conjunction with non saline water to grow salt



tolerant crops. Nearly 70 percent of the irrigation water required for growing

sugar beet and cotton was saline drainage water.

Rhoades er al. (1988) stated that saline water could be successfully
substituted for good water to irrigate certain crops in rotation when they are in a

salt-tolerant growth stage. With the good water used for the other irrigation.

Ayers ef al. (1986) used drip irrigating cotton with saline drainage water.
They found that cotton was trickle irrigated with 8.5 ds/m saline water on saline
soil in the presence of saline water table. The yields were equal to a well-watered

check plot which was irrigated with non-saline water.

El-Leithi et al. (1990) studied the effect of drainage water reuse on the yield
of wheat plants. They used three types of water for irrigation Nile water, mixed
water (50% Nile water + 50% drainage water), and drainage water. Their results
indicated that the yield of wheat grains was significantly decreased as drainage
water was used. Mixed drainage water can be used in irrigation purposes for
short time; but its cotinuous use may lead to accumulation of Zn and Cu in the

soil to un-permissible levels.

Abo-Soliman et al. (1992) used drainage water in irrigation at north of Nile
Deltta, to study its effect on soil salinity and wheat production. His result showed
that saline water having electrical conductivity equal to 3.2 ds/m with sodium
adsorption ratio (SAR) of 7.5 could be use safely without inducing significant

reduction in wheat production.

6



2.3.Effect of irrigation water salinity, applied water volume and

irrigation system on salt content and distribution in the soil:

2.3.1.Effect of irrigation water salinity on salt content and distribution:

A salinity problem, exists if salt accumulates in the plant root zone to a
concentration which causes a loss in yield. Yield reductions occur when the crop

is no longer able to extract sufficient water from the saline soil solution.

Omar and aziz (1982) indicated that the electrical conductivity in solution of
loamy had a significant increase as a result of salt concentration increase in the

irrigation water.

Subba-Rao ef al. (1987) reported that sandy soil irrigation with saline water
having 3000 to 10000 ppm soluble salts resulted in a salt accumulation and the
rate of this accumulation depended on the period of leaching and the amount of

applied irrigation water

Hamdy (1989) reported that increasing the salinity of irrigation water caused

a significant increase in salt content in the upper layer of soil profile.

Aly (1990) stated that the values of electrical conductivity (EC) and total
dissolved solids (TDS) in soil extract were gradually increased with use of saline

water for irrigation along soil profile up to 200cm depth.

Kandil (1990) revealed that using low water quality either from drains only
or as a mixture between the canals and salinity drains resulted an apparent
increase in soil salinity especially in the chloride and sodium forms. This increase

was more clear in the surface layers.

Sharma et al. (1990) evaluated the effect of irrigation with drainage water of
four different salinity levels (EC;y of 6,9,12, and 27 ds/m) on soil salinity build up
and growth and yield of wheat in a sandy loam soil. They found that application



of drainage water with increasing levels of salinity increased the soil salinity at
all levels sampled to a depth of 90cm. They also suggested that saline drainage
water having salinity up to 9 ds/m can safely be reused for irrigation of wheat in

sandy loam soils under the provision of subsurface drainage system.

Abo-soliman et al (1992) used drainage water in irrigation at north of Nile
Delta and its effect on soil salinity. The results revealed that using drainage water
for irrigation increased the total storage of total soluble salts (TSS)and salt
components in soil, while using fresh water exerted the opposite trend. Using
drainage water for irrigation in the first months and followed by fresh water
decreased total storage of TSS and salt components values in soil. On the other
hand, it could be concluded that using saline water having EC of 1.6 ds/m with

SAR of 7.5 does not accumulate salts in soil.

Mostafa et al (1992) conducted an experiment in greenhouse by using clay,
calcareous and loamy soils and irrigation solutions differing in their salt
concentration, sodium adsorption ratio (SAR) value and Ca:Mg ratios with barley
crop. Their results indicated that increasing irrigation water salinity up to 4000
ppm gradually and significantly increased soil salinity (EC.), chloride (Cl) and
SO, concentrations and slightly decreased soil pH and HCO; content. This trend

was more pronounced in clay soil comparing to the other types.

El-Shewikh (1996) reported that irrigation with lower water quality has a
highly effect on soil salinity. Surface soil profile of 0-20 Cm, was highly affected
more than subsurface soil profile of 20-40 Cm. Irrigation with drainage water has
a highly affected more than another irrigation types. Also using low water quality

treatments leads to increase chloride ions more than sulphate ions in soil solution.

Amer et al. (1997) evaluated the effects of five years of irrigation drainage

water on soil salinity build-up and yield of cotton, rice and maize grown on



clayey soil. The results indicated that the continuous use of drainage water for
irrigating different crops, caused an increase of soil salinity and yield reduction
with the time, so a propos water management should be used to minimize the

salinity hazard and maximize the crop yield.

2.3.2. Effect of irrigation system on salt content and its distribution in soil:

Bernstein and francois (1973) studied the effect of irrigation system on salt
content and distribution in the soil, he found that under drip irrigation system the

salts accumulated at mid way between emitters and the edge of the wetted zone.

Bucks ef al. (1974) reported that the salts under drip irrigation system were
moved from 3 to 4 ft. away for emitters and appeared near soil surface and
increased soil salinity up to 4 to S mmhos/cm. On the other hand, salt distribution

under furrow system remained less than 2.5 mmhos/cm.

Gerard (1974) used irrigation water which having electrical conductivity
equal to 1.25 mmhos/cm, in drip and furrow irrigation systems to irrigate sugar
cane on different textured soil and its effect on soil properties. He found that soil
salinity increased under drip irrigation, especially at the edge of the wetted zone.
The soil salinity (EC,) at lower depth of fine textured soil ranged from 3.7 t0 7.0
mmhos/cm, comparing with 0.7 to 1.7 mmhos/cm, in the same lower depths of

medium textured soil,

Bakr et al. (1979) compared between drip, sprinkler and furrow irrigation
systems on salt distribution in sandy loam soil cultivated with watermelon plant
and the electrical conductivity of irrigation water (ECjy) equal to 0.98 tol1.04
mmhos/cm. They found that soil salinity decreased in wetted drip irrigated area
and increased at the edges of the wetted area. Irregular salt distribution was
observed in the sprinkler irrigated plots while were concentrated close to the

plants and root zone in the furrow irrigated plots.



Groot and Alexander (1979) found a very high salt concentration in the
various soil layers of the drip treatment, while the flood irrigation treatment had a

lower concentration of salts.

West et al. (1979) observed that the lowest concentration of salts occurred
immediately below the emitters, while the highest one was found at the edge of
wetting pattern. They added different amounts of sodium chloride to irrigation

water in order to change the concentrations of salt in irrigation water.

Kumar and Sivanappan (1980) studied salt distribution with five levels
of water salinity and three types of emitters. Their results showed that the soil
salinity around the root zone of plants was maintained at the lowest level and salt

was pushed to the other prephery of the moist zones.

Kumar et al. (1985) measured the soil salinity terms of saturated electrical
conductivity (EC.) along and across the lateral profile. They used three treatments
daily irrigation T;, one-day interval T,, and two days interval T;. It was obvious
that trickle irrigation system managed to minimize the soil salinity near the plants,
which were sown by the side of emitters in all treatments. The daily irrigated
treatment resulted a minimize soil salinity of about 1.4 mmhos/cm followed by
one day interval of about 2.1 mmhos/cm and two days interval of about 2.3
mmhos/cm. they added that the reason maybe due to the continuous movement of
salt away from the emitters in daily irrigation and this frequent irrigation

prevented appreciable concentration of salts in between two irrigations.

Hamdy (1992) mentioned that the analysis of salt accumulation through the
soil profile at different distances from source showed the movement of salt further
from the water sources under both drip and furrow irrigation systems. Under drip
system, the variations between different points of soil profile were more

pronounced as compared to the furrow one.
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Mohamed (1995) stated that the electrical conductivity of soil (ECe)
remarkably increased by increasing the salinity of irrigation water up to 4000
ppm. Regardless of the other conditioning treatments. The increase takes the
vertical and horizontal directions under drip irrigation systems and vertically only

under furrow irrigation systems.

2.3.3.Effect of applied water volume on salt content and distribution:

El-Ebaby (1979) reported that under sprinkler irrigation salt content in soil
profile was mainly affected by the amount of water added, components of soil
and type of irrigation water. Thus, the salt concentration increased as the moisture

content decreased.

Badr (1980) reported that the salt concentration increased by decreasing
moisture content. The control treatment (furrow irrigation) gave in Hxneral a low
salt content with all over the soil layers at the different intervals of sampling. At
the end of the experiment, the treatments of drip irrigation succeeded in leaching
salt downwards till 30-35 cm, depth while accumulation of salts took place at the

end of the season for drip treatment at 35-40 cm, depth.

2.4.Ef[ect of irrigation water salinity, applied water volume and

irrigat}ion system on soil moisture content and its distribution:
Baﬁ;r et al. (1979) found that soil moisture around the watermelon (citrullus

lanatus) plant stems in the surface layer depth of 0-15 cm, after 24 h from

irrigation was higher in the drip than that in both sprinkler and furrow irrigated

plots.

El-Ebaby (1986) studied the soil moisture characteristic and distribution
under drip irrigation condition. They found that moisture content generally
decreased as soil depth increased and it was far from emitters. It reached its

minimum value at mid-distance between emitters. After one day of irrigation, soil

11



retained water relatively equals to field capacity while after 2, 3 and 4 days a
sharp decrease on moisture content was found. This maybe due to evaporation

and plant consumption.

Zartman and Gichuru (1984) studied the effect of two irrigation water
salinities having EC;,, = 12 ds/m, SAR =11 and ECw, = 1.5 ds /m, SAR =4.5 on
some chemical and physical properties of fine sandy loam soil in field plots for
four years. They found that water retention and distribution were not si gnificantly

affected by irrigation water salinity.

El-Kobia et al. (1986) compared between furrow and drip irrigation systems
and their effect on the soil moisture distribution in the root zone. Their results
indicated that the highest mean value of soil moisture content was found directly
under the emitters; however it decreased away from them. Under furrow system,

there was a gradual decrease in soil moisture from bottom to top of line.

El-Gindy (1988) indicated that the soil moisture content differs through the
soil profile layers due to the irrigation method. He added that the moisture content
in the top layer profile of 0-20 c¢m of silt loam soil was higher in the drip irrigation
fields than those of sprinkler and surface methods. Meanwhile, the lowest

moisture content in the same layer was in the surface irrigated field.

Abdel-Maksoud et al. (1992) indicated that under drip system the moisture
distribution in the soil increased through the surface layer of 0-30 ¢cm compared
with sprinkler. They stated that the moisture content decreased by decreasing of

applied water.

Abdel-Razek et al (1992) studied the effect of different irrigation system on
soil moisture distribution in clay soil. They found that, less fluctuation in soil

moisture content between furrows were obtained under furrow system, while drip

12



system resulted in nonuniformity distribution of soil moisture content between
drip lines, but a better uniformity and a higher soil moisture content along the
laterals were obtained under the 70 cm, between emitters treatment compared to
the 100 cm, one. Soil moisture content before irrigation was higher for layer of 0-
50 cm layer under drip irrigation system in comparison with sprinkler and furrow
irrigation systems. After irrigation, the range of increasing rate in soil moisture
content for layer of 0-50 cm were 79.65, 53.8 and 54, 15.7 % under furrow

sprinkler and drip irrigation systems, respectively.

Mohamed (1995) stated that soil moisture content, decreased by increasing
soil depth under both furrow and drip irrigation systems. Also, the soil moisture
content, was higher under drip irrigation system than furrow one. This maybe due

to the high efficiency of drip irrigation comparing to the furrow one.

2.5.Effect of irrigation water salinity and irrigation system on

vegetative growth:

2.5. 1. Effect of irrigation water salinity on vegetative growth:

Paliwal and Maliwal (1975) illustrated that cabbage growth decreased by
increasing salinity in both sand culture and field experiments. The growth was
highly reduced by a given salinity levels in sand culture than that in field

experiments.

Moosa (1976) found that the growth of cotton plants decreased by increasing

salinity levels of irrigation water.

El-Saidi et al. (1983) used a saline water which having electrical conductivity
equal to 3000 ppm and fresh water as a control treatment to irrigation of cotton
plants cultivar Giza 79 variety at early stage (beginning of budding till the

appearance of 7™ true leaf). They found that, the plant height and dry matter of



plant decreased by using the saline water comparison with that used fresh water

-1n irrigation.

Rathert (1983) found that the dry matter of leaves and root and leaf : root of
ratio of two cotton varieties (Dandara and Giza 45) decreased by increasing

salinity in irrigation water.

Francois et al (1984) studied the effect of irrigation water salinity (1.5, 2.7,
5.0, 74, 9.8, and 12.1 ds/m) on plant growth with two varieties of sorghum
(Double Tx and Nk 265) cultivated in clayey over calcareous soil. The results
indicated that there was a reduction in plant height when the plants had
approximately one month old. This was due to effect of salinity. The maximum
ptant height of both cultivars at maturity was significantly reduced by increasing

salinity.

Lotfy et al (1987) stated that increasing soil salinity levels intended to
decreased height, dry mass of both shoots and roots as well as leaves number of

cotton seedlings.

Abdel-Al and Syiam (1990) studied the effect of saline soils and irrigation
water on cotton growth, yield and yield components. They used two types of
saline water the first one having electrical conductivity equal to 11.99 mmhos/cm
and the other having 0.54 mmhos/cm and electrical conductivity of irrigation
water 6.37 mmhos/cm. The results indicated that in both clay soil types, irrigation
period with saline water had a significant effect on dry mass, yield, yield

components and the main fiber properties.

Barakat (1996) studied the effect of irrigation with saline water on growth
and yield of potato. He found that the plant height, fresh and dry mass of the root

were significantly reduced when soil salinity EC, exceeded 7.1ds/m. Also, the



fresh and dry mass of shoot were significantly, reduced when soil salinity EC,

was more than 3.82 and 3.6 ds/min 1994 and 1995, respectively.

2.5.2.Effect of irrigation system on vegetative growth:
Bakr and Shakshook (1977) found that the drip irrigation had better

vegetative growth of cucumber and tomato plants and less water consumptive use
comparing with both sprinkler and furrow irrigation. Drip irrigation gave the

highest values of cucumber and tomato yield.

Bakr et al. (1979) stated that drip irrigation caused earlier flowering and
better higher rates of watermelon vegetative growth and yield than sprinkler and

furrow irrigation under the conditions of sandy loam-soil.

2.6. Effect of irrigation water salinity and irrigation system on

crop vield:
2.6.1. Effect of irrigation water salinity on yield:
Mass and Hoffman (1976) stated that both two levels of salinity 1200 and

900 ppm (EC ranged from 2 to 1.5 ds/m) allow production of almost full yield of
the sensitive crops, They also had tabulated a number of economic crops
according to their tolerance to salt concentration and their expected yield

percentage when specified leaching requirement is applied.

Dutt er al. (1984) noticed that irrigation water salinity (ECrw of 6.2 ds/m)
should be capable of producing a better than 90% yield and the water of EC,,
equal toll ds/m should be capable for giving at least 50% yield. They also found
that lint cotton yields increased from 0.834 to 1.076 Mg /ha by increasing the

salinity of irrigation water from 4 to 11.1 ds/m.

El-Shakweer et al. (1984) studied the effect of salinity and sodium

adsorption ratio (SAR) of irrigation water on different varieties of Egyptian



cotton. They found that seed cotton yield was reduced to 60 % by raising the
salinity of irrigation water from 2000 to 8000 ppm and to 80 % by raising
adjusted SAR from 10 to 30. Reduction due to salinity was increased as adjusted
SAR increased. Most varieties, especially Giza 80, were not negatively affected

by salinity up 4000 ppm.

Van Hoorn (1984) reported that water quality problem can occur in four
general categories: salinity, permeability, toxicity and miscellaneous. Each of
them may affect the crop singly or in a combination of two or more. A
combination of problems maybe more difficult to solve and may affect the crop
production more severally than a single problem. He also found that the effect of
salinity on crop growth is mainly ascribed to reduce water uptake by the crop. As
the salinity of a solution increases. Its osmotic potential increase too and reduce
the availability of water for crop. This osmotic effect may explain why vegetable
crops which are known to prefer readily available soil water not exceeding a
potential of 1 bar. They are so sensitive to salinity. He also found that the water
quality test, certain crops especially vegetables already show sever reduction in
yield between EC. values of 2 and 4 ds/m. On the other hand, wheat, barley,

sugar beet, cotton alfalfa and ray grass can tolerate much higher salinity levels.

Francois et al (1986) studied the effect of salinity on germination and grain
yield for wheat crop. They showed that no significant reduction of wheat crop
with soil salinity up to 10.8 ds/m. However, with higher soil salinity, grain yield
was sigﬁiﬁcantly reduced. The decreased yield was resulted from decreased seed

mass per spike and individual seed mass.

Rains et al. (1987) stated that use of drainage water for irri gated cotton and
sunflower with different water salinities (1500, 3000, 4500, 6000, and 9000 mg/l

total dissolved solids (TDS), water was used after the preplanting irrigation. The

16



saline treatments did not significantly reduce cotton yields. However, the yield of
the sunflower was reduced by almost 40% at the highest salinity level of 9000 mg

/1 TDS. The sunflower crop was more sensitive to salinity than cotton.

Al-Najium and Neimmah (1989) reported that increasing water salinity up
to 6 mmhos/em significantly decreased growth and caused 50% reduction in the

yield of cultivated tomato in sandy and sandy-loam soils.

Abou-Hadid et al. (1988) studied the effect of saline irrigation water EC;y,
equal to 1.5 mmhos/cm, for tomato grown in sandy soil. Their results indicated
that, irrigation tomato plants with saline water reduced both the rate of
transpiration and the difference between air and leaf temperature. Moreover, the
reduction in transpiration rate was coupled with reduction in plant growth and

final yield.

Ayars et al. (1988) studied the managing saline irrigation water in arid areas
with shallow ground water. They found that it is possible to use saline water
having EC equal to 8 ds/m in conjunction with non saline water to grow salt
tolerant crops. Nearly 70% of the irrigation water required for growing sugar beet
and cotton was saline water drainage. He also reported that yield comparisons
between saline irrigated and non-saline irrigated areas for the cotton and sugar
beets showed that neither of these crops were suffered yield reductions due to the

use of saline water for irrigation.

Rhoades et al. (1988) determined crop yields and changes in soil salinity
when representative Imperial Valley drainage water was substituted for some of
the colorado River water, which conventionally was used for irrigation in the
Valley. They found that, there was no significant differences in wheat and sugar

beet yields occurred in cycle of the successive-crop rotation as a result of



substituting drainage water (even in the greater amount 65 to 75 percent) for

colorado river water to irrigate these crops after seedling establishment.

Selem et al. (1989) pointed out that irrigation of cotton with drainage water
reduced fresh and dry substance mass, number of leaves and bolls per plant, and

mass of seed, lint and blossoms than treatment irrigated with fresh water.

Abdel-Al and Syiam (1990) stated that all yield components (number of
bolls, boll weight, lint % and seed index) were significantly affected by type of
soil and irrigation period with saline water, all these components were reflected
to the yield of seed cotton/plant especially for irrigation at seedling stage, which
gave the lowest value and flowering stage. The reduction in the yield was about
52.2 % for the seedling stage which could be considered the most critical period

for salinity in the otegensis of cotton plant.

Alam and Ali (1990) found that the height, dry matter and yield of bajra
plant grown on desert sand and graved soil were significantly decreased by

increasing the salinity level of irrigation water up to 14.06 ds/m.

Aly (1990) studied the effect of irrigation with saline water on yield of
berseem, wheat, rice and maize at Elhamol, Edko and Wadi areas. The results
indicated that grain and straw yields of wheat decrease by increasing electrical
conductivity values for both irrigation water and soil extract . The decrease in
wheat grain yield due to the use of mixed water were 22.7, 23.6, and 26.4 %
comparing to conventional irrigation water in El-hamoul, Edko and Wadi areas,
respectively. While the use of drainage water caused a pronounced decrease of
wheat grain yield, which reached 41.7, 59 and 55.3 % in the same areas,
respectively. Results also showed that the reduction in maize grain yield due to
the use of mixed water were 22.5, 34.3 and 32.3 % comparing to conventional

water in Elhamol, Edko and Wadi areas, respectively. While the use of drainage



water caused a pronounced decrease of maize grain yield, which reached 56.2

69.6 and 67.2 % at same areas, respectively.

El-Leithi ef al. (1990) studied the effect of water salinity on wheat yield in
two seasons. They concluded that the grain yield was significantly decreased in
second season by total substitution of Nile water with drainage water. While, no
significant defferences were found among the Nile water and mixed water

treatments in the two seasons.

El-Shewikh (1996) reported that irigation with low water quality had a
significant effect of decreasing height barley plant. The treatments that irrigated
by low quality of irrigation water were significant effect on grain, straw and total
yield. The irrigation treatment of alternatively once of canal water followed with
twice drainage water significant response to barley yield comparing to other
treatments. The treatments of drainage water had a highly effect on decreasing
grain yield of barley and straw yield. The results also indicated there was a highly
significant decrease in fresh mass, and sorghum grain yield with irrigation water

quality treatments.

Abo-soliman ef al. (1992) studied the effect of irrigation with saline water on
soil salinity and wheat yield which cultivated in silt clay soil. The results showed
that the reduction percentages of grain yield were found to be 38.9, 43.72, 47,
48.1 and 57.92 % when drainage water having electrical conductivity equal to 1.6
mmhos/cm  applied were two, four irrigations (at the end of the growing season),
two, four and six irrigations (from the beginning of the growing season),
respectively, comparing to the fresh water which having electrical conductivity

equal 0.47 mmhos/cm.

Abdel-Sayed et al. (1993) stated that there was no significant differences in
sugar beet yield when irrigation water with salinity levels of 1000,2000 and 3000
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ppm were used for 4, 5 and 6 months in clay loam soil. This means that saline
water with salinities up to 3000 ppm can be safely used to irrigate sugar beet

crop.

Sharma et al. (1994) used a highly saline drainage water which having
electrical conductivity equal to 10.5 to 15 ds/m to irrigate winter wheat on a
sandy-loam soil. The results indicated that wheat yield obtained with fresh canal
water as the potential value (100%) the mean relative yield of wheat irrigated
with only saline drainage water was 74 % substitution of canal water at first post
plant irrigation and applying, therefore, only saline drainage water, increased the
yield to 84 % cyclic irrigations with canal and drainage water in different

treatments resulted in yields of 88 % to 94 % of the potential yield.

Aly et al. (1995) studied the effect of drainage water that used to irrigate two
cotton cultivars (Giza-45 and Mc Nair-220) on clay soil. They found that the total
yield of cotton decreased with decreasing water quality of irrigation water for
both cotton cultivars but the differences for Giza 45 were not significant. The Mc
Nair-220 variety was more sensitive to water quality effects. The yield with

drainage water was 62.8 % comparing to tap water.

Mohamed (1995) studied the effect of soil conditioning, irrigation systems,
saline irrigation water and irrigation interval on cucumber yield cultivated on clay
soil. His results indicated that the maximum yield of cucumber is obtained from
the treatment of low irrigation water salinity (tap water which having electrical
conductivity equal to 350 ppm) under the two irrigation systems at both 1991 and

1992 seasons.

Amer et al. (1997) studied the effect of water quality on some crops (cotton,
rice and maize) production for five years (from 1991 to 1996). They reported that

the continuous use of drainage water for five years in irrigation adversely affected
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the crop yield. The reduction in yield of cotton, rice and maize in the first season
were 7,7 and 24.5%, respectively. But the reductions in the last season (5™ year)
were amounted to be 16.7 , 8.0 ,and 31.0 %, respectively, comparing to the yield

of these crops irrigated with fresh water.

2.6.2. Effect of irrigation system on yield:

El-Ebaby (1986) reported that the used drip irrigation system to irrigate
cucumber crop in sandy soil. His results showed that the cucumber yield
increased by about 3 times more than that obtained when furrow irrigation was

used

Younis (1986) stated that the least amount of water required with higher yield
to produce tomato in new lands was obtained under the trickle irrigation. The
percentage increase in the net profit under this system were 11 and 14.8 %

compared to furrow and sprinkler systems, respectively.

El-Gindy (1988) used three of different irrigation systems (drip, sprinkler and
furrow) to irrigate tomato and cucumber crops in silt loam soil. He found that the
yield of tomato increased under drip irrigation system by 33 and 53.6% over the
furrow and sprinkler irrigation system, respectively. He also found that the
cucumber yield increased by 54.5 and 154.9% under drip irrigation system

comparing to furrow and sprinkler irrigation systems, respectively.

Abdel-Maksoud et al. (1992) studied the effect of three different irrigation
systems (drip, sprinkler and furrow) to select the proper system of tomato
irrigation in new land. The results indicated that the yield of tomato obtained
under drip irrigation increased by 19.36 and 14.15 % comparing to the sprinkler

and furrow systems, respectively.

21



Badr (1993) determined the production of tomato, cucumber and muskmelon
grown on sandy loam soil under drip and sprinkler irrigation system by using two
qualities of irrigation water (high quality water of 0.6 mmhos/cm and saline water
of 4.5 mmhos/cm). The obtained results showed that the highest yield of these
vegetable crops were obtained under the conditions of drip irrigation and high

quality of irrigation water.

Mohamed (1995) studied the effect of soil conditioning, irrigation water
salinity, irrigation interval and irrigation system on cucumber crop cultivated in
clay soil. His results indicated that the yield of cucumber under drip irrigation
system is more higher than the obtained yield under furrow one in the treatments

of saline irrigation water 2000 and 4000 ppm.

2.7.Effect of irrigation water salinity, applied water volume and

irrigation system on (WUE):

2.7.1.Effect of irrigation water salinity on water use efficiency (WUE):

Baland et al. (1993) mentioned that water use efficiency of wheat and peach

were reduced when saline water was used for irrigation.

Mohamed (1995) studied the effect of irrigation water salinity on water use
efficiency of cucumber decreased as a result of increasing the salinity of irrigation
water up to 4000 ppm under both furrow and drip irrigation systems, regardless

the other factors.

2.7.2.Effect of applied water volume on water use efficiency (WUE):

Lin et al. (1983) they reported that the values of water use efficiency (WUE)
for tomato plant under drip irrigation system were increased by decreasing the

amounts of irrigation water added.
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Ghazy et al. (1987) studied the effect of soil moisture strength on water use
efficiency (WUE) in clay soil. The result showed that where soil moisture
fluctuated between a minimum value of 26% and a maximum value of 43%
(depletion of 70% of the available water) gave the best WUE compared to the
other treatments, while the moisture content of the soil did not go below a
minimum of 31 and 37% (depletion of 50% of available water and depletion of

30% of available water), respectively.

El-Nagar (1997) stated that, water use efficiency was affected by varying
amounts of irrigation water. He found that the water use efficiency were
decreased by decreasing amounts of irrigation water, for fresh and dry yield of
potato tuber production. The values of water use efficiency calculated by using
actual seasonal evapotranspiration values that measured by gravemetric method
were 9.32, 6.27 and 5.94 gm/l for the fresh yield, while these values were 2.51,
1.73, and 1.67 gm/l for the dry yield, under the application of 400, 300 and 200

mm/season, respectively.

2.7.3.Effect of irrigation system on water use efficiency (WUE):

El-Gindy (1984) elusidate the effect of quantity and frequency of water
application on pepper production using different irrigation techniques. He found
that the sprinkler method produce the lowest yield and had also the lowest water
use efficiency due to a low water application efficiency and high water losses by

evaporation.

El-Ebaby (1986) reported that the WUE of cucumber plant under drip
utilization irrigation was high and reached 14.5 kg/m’ as compared to center

pivot, sprinkler and furrow methods.

Younis (1986) studied different irrigation methods in Western Nobaria to

produce tomato crop. He found that water requirements to produce one kg of
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tomato were 0.63 0.173 and 0.067 m® under furrow, sprinkler and drip irrigation

systems, respectively.

El-Gindy (1988) used three different irrigation systems (drip, sprinkler and
furrow) to irrigate tomato and cucumber crops in silt loam soil. He found that the
water use efficiency (WUE) were 16.47, 523 and 6.11 kg/m® for tomato and
7.47, 5.23 and 2.38 kg/m’, for cucumber uhder drip, sprinkler and furrow

irrigation systems, respectively.

Abdel-Maksoud et al. (1992) irrigated the tomato crop in new lands by using
three different of irrigation systems (drip, sprinkler and furrow). Their results
indicated that the values of water use efficiency (WUE) under drip irrigation was
of 10.96 kg/m® increasing by 19.34 % and 14.4% than the sprinkler and furrow

systems.

Mohamed (1995) noticed that the use of drip irrigation for cucumber plant
highly increased WUE, as compared to furrow system, in all cases. Therefore, it
can be concluded that drip irrigation is considered as the very suitable method for

water management to obtain the highest yield and save more water.
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3.MATERIALS AND METHODS

The field experiment was carried out in the North of El-Tahrir District, El-
Behaira Governorate, Egypt. This area is located at about 5 ki from the desert

road (Ciro-Alexandria).

The aim of the present work was to study the possibility of use of drainage
water to irrigate corn and sunflower crops by using drip and surface irrigation

systems.

3.1.Variables:

3.1.1.Irrigation systems:
Two of irrigation methods were used in the present study as follows:

a) Flood irrigation system.

b) Drip irrigation system

A model of drip irrigation system, used in this study consists of reservoir,
regulator and emitter. Operating pressure head was constant during experiment by
fixing the reservoir at 1.54 m from the emitter as shown in Fig.1. The lateral
spacing was 80 cm and the distance between emitters was 60 cm. Under flood
irrigation, the distance between furrows was 70 cm and the distance between

plants was 60 cm.

3.1.2. Applied water volume:

The present study included three different amounts of applied water volume

per season per feddan for corn and sunflower as shown in Table 1

The water consumption for corn and sunflower were calculated by Attia et

al. 1994, and Attia et al. 1994, methods, respectively.
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3.1.3. Water quality treatments:

Four water qualities were used in the present study and it is obtained by mixing
fresh water with drainage water as follows:

a) Fresh water having an average electrical conductivity along growing season,
EC of 1.33 mmhos/cm.

b) Mixed water (2fresh water:1drainage water) by volume which having an
average electrical conductivity along growing season EC of 2.087 mmhos/cm.

¢) Mixed water (2drainage water:1fresh water) by volume which having an
average electrical conductivity along growing season EC of 2.85 mmhos/cm.

d) Drainage water which having an average electrical conductivity along growing

season EC of 3.6]1 mmhos/cm.

Table 1: The amount of applied water volumes for corn and sunflower

Applied water Crop type
volume Corn Sunflower
m’*/fed/season Irrigation system Irrigation system
Flood Drip Flood Drip
Vi 2066.4 1215.48 23142 1360.8
V2 27552 1621.20 3087.0 1814.8
V3 3444 2029.44 3855.6 2268.0

3.2.Experimental design

In the present study, thirty six equal plots each 12 m? were designed as split
plot with completely randomized blocks of three replications as shown in Fig.2.
The main plots were the amount of applied water volume and sub-plots were

different water salinity.
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3.3.cultivated crops

Corn (Single cross-10) and sunflower were planted during the summer season
of 1997. Seeds were sown in 25 May, three seeds were sown in each hill, after
twenty-one days the seedling were thinned to one plant per hill. Com and
sunflower were irrigated each 13-day under flood irrigation and each two days

under drip irrigation system.

3.4.Methods of analysis:

3.4.1.80il analysis.

Soil chemical and mechanical analysis were carried out at Nobaria
agricultural research center, soils department.

3.4.1.1.80il physical analysis.

1) Particle size distribution, was carried out by using the international pipette
method according to Richards (1954)

2) Calcium carbonate, was determined volumetrically by using the collin's
calcimeter , Richards (1954)

3) Soil bulk density was determined according to Black (1965).

3.4.1.2. Soil chemical analysis:

Chemical analysis were carried out according to Jackson (1967) and included:

1-Electrical conductivity (EC) mmhos/cm determined in soil paste extract by
using electrical conductivity meter.

2-Soil reaction (pH) was determined in 1 soil : 2.5 water by using Beckman
pH meter.

3- Calcium and Magnesium: were determined by using versinate method.
Eriochrom black T was used as an indicator for determining calcium plus
magnesium and ammonium purporate was used as an indicator for

determining calcium. Magnesium was calculated by difference.
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4- Sodium and potassium: were determined photometrically by using Beckman
flame photometer.

5- Carbonates and Bicarbonates: were determined by titeration againts 0.025
N Sulphuric acid using phenolphthalein and methyl orange as indicators.

6- Chloride was determined by titration with 0.02 silver nitrate solution and
potassium chromate as indicator.

7- Sulphate was calculated by the difference between total cations and total

anions.

3.4.2. Water chemical analysis:

Chemical analysis of water was carried out according to Jackson (1967).
Water samples were collected periodically before every irrigation from irrigation
canal and the nearest collector drain ditch. These samples were directly analyzed

chemically.

Table 2: The Mechanical analysis of the soil used in experiment.

Sample depth, cm Soil texture
Sand, % Silt, % Clay, %
0-30 825 5.00 12.5 Sandy loam
30-60 70.0 20.0 10.0 Loam

Table 3: The chemical analysis of the soil used in experiment.

Sample EC, Cations, meg/! Antons, megq/|
Depth,cm | PH | mmho/cm | Ca Mg | Na K COs: | HCOs; Cl SO,
0-30 7.8 3.38 375 | 1.25 ]| 1075 | 1.83 0.2 18.55 | 28.13 | 4.45
30-60 79 1.6 13.75 1 200 | 7.25 | 0.75 | 0.05 6.19 1438 | 3.13
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Table 4: Bulk density and soil moisture content of soil at different depths 0,

15, 30 and 45 cm before carrying out experiment

Depth, cm Db, g/c.,f MC, %
0 1.7 3.1
15 1.6 14.1
30 1.5 16.8
45 1.5 19.8

Table 5: The chemical analysis of fresh irrigation water samples

Irrig. EC, Cations, meq/I Anions, meq/!

No. | py | mmhos/cm | Na | ca | K Mg | CO; | HCOs | Cl | SO,
1 |81 1.45 0 100/ o 35 | 0.01 8.0 6.0 | 3.89
2 8.3 1.51 351 | 78 | 016 | 363 | 004 | 996 | 50 | 0.10
3 75 1.22 82 | 41| 023 | 194 | 07 3.6 50 | 517
4 75 1.22 82 | 41| 023 | 194 | 07 3.6 50 | 5.17
5 7.7 1.39 86 | 55| 025 | 33 0.0 3.7 50 | 895
6 77 1.39 86 | 55| 025 | 33 0.0 3.7 50 | 8.95
7 7.6 0.99 54 |50 | 02 2.0 0.0 3.2 32 | 62
8 72 1.45 71 | 90| 025 | 35 | 0.01 4.5 6.5 | 884
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Table 6: The chemical analysis of drainage water samples

Irrig. EC, Cations, meq/l Anions, meq/!

No. PH mmhos/cm | Na | Ca K Mg CO; HCO; Cl SO,
1 8.0 4.1 11.0 | 20.0 0.5 10.0 0.0 9.0 300 | 2.50
2 8.1 39 107 1 238 | 044 | 975 0.02 998 | 280 | 6.69
3 7.0 3.1 200] 74 | 037 5.4 03 3.4 164 | 13.07
4 7.0 3.1 200 74 | 037 5.4 0.3 34 16.4 | 13.07
5 8.0 3.68 246 | 13.0 | 0.43 4.1 0.04 3.9 19.0 | 19.19
6 8.0 3.68 246 | 13.0 | 0.43 4.1 0.04 39 19.0 | 19.19
7 6.8 224 126 1 10.7 | 03 3.1 0.0 3.5 9.0 | 142
8 73 51 12.7 | 22.5 1.3 13.0 0.05 5.45 400 | 40
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3.5. Indices:

3.5. L distribution of soil moisture and salt content

1- Soil salinity and moisture content.

To determined salinity and soil moisture content, soil samples were taken
before and after two hours from irrigation in four different locations from emitters
0, 15, 30 and 45 cm at four different profile depths of 0, 15, 30 and 45 cm under
drip irrigation. In the flood irrigation soil samples were taken at four different

depths 0, 15, 30 and 45 cm.

The soil moisture content was determined by taking the soil samples and
drying at on 105 % for 24 h, then the soil sample was weighed directly after
drying, and wet samples also weighed. Therefore, the soil moisture content was
calculated according to the following equation:

%YMC=0,-0,/0,

Where:

@ = weight of soil sample before drying

@ , = weight of soil sample after drying.

To determine soil salinity, a soil water extract was prepared by adding 5g soil to
25 ml water as a ratio of (1:5 by weight). The electrical conductivity meter was

used to measure soil salinity in mmhos/cm.

3.3.2. Vegetative growth:

The plant height, leaf area and stem diameter of corn and sunflower were
recorded for each plot at different stages of growth (after 21 and 50 day from
planting and at harvesting date).

The leaf area was measured by using planimeter, and plant height was
measured by tape. The peripheral of stem was calculated as follows:

Ph= D
Where:
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Ph is Peripheral of stem and D diameter of stem

Leaf area index was calculated by using the following equation.

LA
S.A

Leaf area index =
Where:
L.A leaf area per plant (by taken leaf area of all leaves of plant)

and S.A spacing area per plant

3.5.2.Crop vield:

The plots were harvested at maturity of crop. Corn was harvested on 15" of

September, 1997 and sunflower was harvested on 5™ of September, 1997. Grain
yield of each plot (1m x lm)of corn and sunflower was obtained and separately

weighed, and values were multiplied by 4200 to get on yield per feddan.

6.3.Water use efficiency:

Water use efficiency is the ratio between crop yield and total amount of
used irrigation water and expressed by kg of yield per m® of used irrigation water,
and it is calculated by using the following equation:

WUE=Y/ALW.
Where:
Y grain yield in kg/fed
A.LW. applied irrigation water in m*/fed.
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4 .RESULTS AND DISCUSSION

the present work was to study the effect of irrigation water salinity, applied

water volume and irrigation systems on the following:

4.1.Distribution of salt in the soil profile

Salinity control is one of the major objectives of irrigation management
because it effects on crop yield. The key to salinity control is deep percolation of
soil water through the root zone. The appropriate irrigation method is that which
removes the salts from soil, or at least reduces the concentration of salts in soil
solution to a suitable level for grown plants, or at least gives a proper and

adequate salt balance in farvour of plant growth.

Under flood irrigation system the soil salinity increased with soil depth after
irrigation. But before the next irrigation soil salinity decreases with depth due to

movement of salts from subsurface layers to surface layer by capillary force.

Figures 3, 4 and from 5 to 10 in appendix indicate the effect of applied water
volume and salinity of irrigation water on salt content and distribution in soil
profile. The obtained data was agreed Mohamed (1995) and Omer and Aziz
(1982), they found that the increasing in soil salinity (EC,) was significant and

proportional to salt concentration in irrigation water.

The applied water volume had a highly significant effect on salt content in
soil profile. Increasing the amount of applied water volume tends to decrease the
soil salinity because moisture content increased with increasing the amount of
applied water and matric potential. Therefore, the capillarity action by which salts
rise towards the upper soil layer will be depressed. Also, the amount of
percolation water is increased and reduced the salt content in this soil layer

(Kumar et al., 1985 and Abdel-Maksoud et al. 1993).
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Under drip irrigation system, the soil salinity increased by increasing the
distance from emitter in both directions (vertical and horizontal), as shown in
Figs.11 and from12 to 18 in appendix, Data indicated that far from emitters the
soil profile has a high value of salt content (EC,) in surface layers compared to
soil profile beside the emitters which has a lower values of salt content (ECo),
these results maybe due to the fact that, soil mass beneath the emitters more
saturated with water and matric potential reaches zero. Under these conditions,
soil water potential will be function of gravitational potential and osmotic
potential as additive values. But far from the emitters, the soil will be under more
unsaturated conditions and contribution of osmotic potential will be much smaller

than that of the matric potential to the values of soil water potential.

The values of salt content in the root zone under flood irrigation system
were higher than the values under drip irrigation due to increase of irrigation
frequencies in drip irrigation. Therefore, the lowest values of soil salt content
(ECe) were obtained in the treatments irrigated by canal water (EC of 1.33
mmhos/cm), with high amount of applied water under drip irrigation system for

comn and sunflower.

In general, increasing the salt content in irrigation water tends to increase

‘ the soil salt content.

Regression analysis was followed and the multi regression equations were
developed to described the relationship between the salt content change (Y) as
affected by applied water volume (v) and irrigation water salinity (t) as shown in
Table 55. The statical analysis revealed that, there is a highly correlation between
salt content change and both applied water volume and irrigation water salinity.
The difference between predicted and measured values are low as shown in Table

56.
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2- Distribution of soil moisture content:

The soil moisture content was affected by many factors such as soil
properties (pore size distribution, porosity), soil and water management, water
quality and irrigation systems. The soil moisture content was carried out at the

end of both corn and sunflower growing season |

Figures 19, 20 and from 21 to 26 indicate that, the soil moisture content
generally decreased with the depth of soil during irrigation period under flood
irrigation system. flood irrigation system takes high amount of applied water that

is able to infiltrate quickly downward through the soil profile.

The results revealed that increasing of applied water volume tends to
increase wetted soil volume due to increasing movement of water in both

direction (horizontal and vertical).

Soil moisture content under drip irrigation system.

Figures from 27 and from 28 to 34 illustrate the effect of applied water
volume and water quality on the soil moisture content and distribution in soil
profile. The soil moisture content decreased by increasing the distance from
emitters. The applied water volume had a highly significant effect on soil

moisture content and its distribution.

Data also revealed that soil moisture content is more pronounced in the
surface layer 0-15 and 15-30 cm comparing to the deeper layers especially in the
treatments of drip irrigation system. This may be due to high efficiency of drip

irrigation in controlling water in the root zone.

The results also revealed that the soil moisture content is not affected by
irrigation  water salinity levels. This may be due to that the range of water salinity

is not high, but it can be stated that the available water may be decrease as a
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result of increasing irrigation water salinity. This finding is in agreement with

Zartman and Gichuru, 1984.

The soil moisture content increased in both directions (vertical and

horizontal directions), by increasing the amount of applied water volume.

The soil moisture content and its distribution in the soil profile in the root
zone was higher in drip irrigation system than the flood irrigation. this may be due
to high efficiency of drip irrigation for water management comparing with the
flood irrigation, and more frequency of wetting and drying process under drip
irrigation which inhance the formation of more water stable aggregates having
capacity for retained water. In addition, the roots distribution is more intensive
under drip irrigation than flood irrigation, which also introduces more holding

forces of soil towards its content of water.

Finally, it can be reported that the results of the study for soil moisture
content and distribution can be summarized as follows:
1-Drip irrigation system provides the soil with the suitable conditions of moisture
content and aeration in the root zone.
2-Drip irrigation provides plant by the suitable amount of water requirements to
the growing crops (corn and sunflower) without any percolation losses.
3-Fertilizers can be easily added with irrigation water through this system of
irrigation without any losses and with high economic efficiency to plants.
4-Drip irrigation saves more water an about (41%) from water requirements

comparing with the flood irrigation.
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3. Vegetative growth of corn and sunflower:

3.1.corn plant:
3.1.1. Plant height

Plant height of corn was affected by irrigation water salinity as shown in
Figs. 35, 36 and Tables from 7 to 12, Figs. from 37 to 40 in appendix. The
irrigation water salinity had a highly significant effect on plant height of corn
under both irrigation systems (drip and flood) at all stages of growing season,

especially in the first stage and at harvesting.

In general, it can be reported that irrigation with low water quality (drainage
water EC of 3.61 mmhos/cm) has a great effect on decreasing the plant height.
This may be due to the main function of good water quality (canal water EC of

1.33 mmhos/cm) in building new cells and their elongation.

Also results in the same tables and figures showed that in the first stage
(after 21 day from sowing) plant height is not significantly affected by various
amounts of applied water volume under both irrigation systems, but at the two
other stages (after 50 day from sowing and at harvesting), applied water volume
had a highly significant effect on corn plant height. This may be due to that the
plant at starting of growing season has small roots, therefore, water demand is
small. but at the end of growing season, the plants have a long roots and water

demands are high.

The plant height under drip irrigation is taller than the plant height under
flood irrigation at all stages of growing season, except the first stage. This may be
due to high efficiency of drip irrigation in providing the suitable amount of water

and fertilizer without any losses at all stages of growing season.
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The maximum value of corn plant height of 196 cm was obtained from the
treatments of received canal water (EC of 1.33 mmhos/cm), under drip irrigation

system.

3.1.2.Stem diameter:

Stem diameter of corn was affected by irrigation water salinity as shown in
Tables from 13 to 18 and Figs from 41 to 46. The irrigation water salinity had a
highly significant effect on stem diameter of corn under both irrigation systems
(drip and surface), especially at the late stages (after 50 day from sowing and at

harvesting)

In general, it can be reported that irrigation with low water quality (drainage
water EC of 3.61 mmhos/cm) has a great effect on decreasing the stem diameter,
this may be due to the main function of good water quality (canal water EC of

1.33 mmhos/cm) in building new cells.

Stem diameter of corn was affected by the amount of applied water volume
as shown in the same Tables and Figures. The amount of applied water volume
had a highly significant effect on stem diameter, especially in the first two stages
(after 21 day from sowing and after 50 day from sowing) under both irrigation
systems (drip and flood), but at harvesting stem diameter was not significantly
affected by various amounts of applied water volume under surface irrigation

system.

Data also showed that the stem diameter under drip irrigation system is
larger than under to the flood irrigation at all stages of growing season. This may
be due to high efficiency of drip irrigation system in water management and

fertilizer supply.

45



L

B V1=374.8 m3/sca. 4 V2=494.8 m3/sea.
2 V3=624.7 m3/sca.

1.1
] -
=]
3
56. 0.9
g [
5 L
0.8 ~
g
= L
0.7
0.6 . . . . . A ,
1.2 22 32

Water salinity, mmhos/cm

Fig. 41: Effect of irrigation water salinity applied water volume on stem diameter
of corn afler 21 day from sowing under flood irrigation system

£ V1=220.5 m3/sca. 4 V2=294 m3/sea.
©V3=367.5 m3/sea.

0.9 +
g
5 L
Q
E 0.3
= |
7
0.7 i
0.6 + T * T
1.2 22 32

Water salinity, mmhos/cm

Fig. 42: Effect of irrigation water salinity and applied water volume on stem
diameter of com after 21day from sowing under drip irrigation system

46



The maximum value of corn stem diameter of 2.75 cm, was obtained from
the treatments that received canal water (EC of 1.33 mmhos/cm), and 3444

m?/season, of applied water under drip irrigation system at harvesting.

3.1.3. Leaf area index:

Leaf area index of corn was affected by irrigation water salinity as shown in
Tables from 19 to 22 in appendix and illustrated in Figs.47, 48 and from 47 to 50
in appendix which showed that water salinity had a highly significant effect on
leaf area index of corn at all stages of growing season. The irrigation water
salinity had a highly significant effect on leaf area index of corn, especially at
harvesting, this maybe due to high osmotic pressure in the root zone, therefore,

reducing leaf area per plant.

Data presented in the same tables and figures showed that the leaf area
index is high significantly affected by various amounts of applied water volume,
especially at the first stage and at harvesting under both irrigation systems (drip

and flood irrigation systems).

Data also showed that leaf area index under drip irrigation is higher
compared to the flood irrigation at all stages of growing season. This may be due
to that drip irrigation provides the plants by the suitable amount of water and
fertilizers without any losses.

The maximum leaf area index of 2.01 at harvesting was obtained from the
treatments that received canal water (EC of 1.33 mmhos/cm), and 2029.4

m*/season, of applied water under drip irrigation system with canal water.

3.2.Sunflower plant:

3.2.1.Plant height.
Plant height of sunflower was affected by irrigation water salinity as shown

in Tables from 23 to 28 in appendix and illustrated in Figs 51, 52 and from 53 to
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56 in appendix. The irrigation water salinity had a highly significant effect on
plant height of sunflower, especially at harvesting under drip irrigation, this may
be due to sunflower unlikely water and it have along root, which far from the

wetted zone.

It can be reported that irrigation with low water quality (drainage water EC
of 3.61 mmhos/cm) decreases plant height of sunflower. This may be due to the

function of good water quality in building new cells and their elongation.

Data presented in the same tables and figures showed that the plant height
is high significantly affected by various amounts of applied water volume at all
stages of growing season under both irrigation systems (drip and flood), except at
harvesting under surface irrigation system. Treatments at this period do not show

any significant effect on plant height.

Data also revealed that under drip irrigation, plant height is taller compared
to the flood irrigation. This finding may be due to high efficiency of drip irrigation

in controlling water and fertilizer supply without any losses.

The maximum values of sunflower plant height of 305 cm, was obtained
from the treatments that received canal water (EC of 1.33 mmhos/cm), and

1814.8 m*/season, of applied water under drip irrigation.

3.2.2. Stem diameter:

The stem diameter of sunflower was affected by various irrigation water
salinity treatments at all stages of growing season under both irrigation systems
(drip and flood) as shown in tables from 29 to 34 in appendix and figures 57, 58
and from 59 to 62 in appendix, except at harvesting under drip irrigation,
treatments do not show any significant effect on stem diameter. This may be due

to high efficiency of drip irrigation in controlling water in the root zone.
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Data presented in the same Tables and Figures showed that stem diameter
of sunflower is high significantly affected by various amounts of applied water

volume at all stages of growth under both irrigation systems (drip and flood).

Results also, revealed that the maximum value of sunflower stem diameter
of 3.81 cm, was obtained from the treatments that received canal water (EC of

1.33 mmhos/cm), and 1814.8 m?/season, of applied water under drip irrigation

3.2.3. Leaf area index:

Data presented in Tables from 35 to 38 in appendix and illustrated in Figs.
63, 64 and from 65 to 66 in appendix showed that irrigation water salinity had a
highly significant effect on leaf area index at all stages of growing season under

both irrigation systems (drip and flood).

In general, it can be reported that leaf area index decreased by using low
water quality (EC of 3.61 mmhos/cm). This may be due to high osmotic pressure

in the root zone. Therefore, water is not available for plants.

Data also showed that the leaf area index of sunflower is significantly
affected by various amount of applied water volume at all stages of growing

season, especially under flood irrigation system.

Data presented in the same tables and figures showed that the maximum leaf
area index was obtained from flood irrigation system. The maximum value of leaf
area index of sunflower of 2.04 was obtained from the treatment of received canal
water (EC of 1.33 mmhos/cm), and 3855.6 m>/season, under flood irrigation at

harvesting.
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4. Crop vield of corn and sunflower:

4.1.Corn crop vield:

Data presented tables 39 and 40 in appendix and illustrated in Figs. 67 and
68 show that the water salinity treatments had a highly significant effect on corn
crop yield under both irrigation systems (drip and flood).The values of corn yield
were 4.960, 4.640, 4370 and 3.870 Mg/fed under flood irrigation system and
they were 5.414, 5.008, 4.561 and 4.252 Mg/fed under drip irrigation system by
using water salinity levels of 1.33,2.087, 2.85 and 3.61 mmhos/cm, respectively.

The average values of corn yield were 3.94, 4.464 and 4.968 Mg/fed, when
amounts of applied water volume were 2066.4, 27552 and 3444 m*/season,
. respectively, under flood irrigation system. They were 4.419,4.827 and 5.181
Mg/fed,. when amounts of applied water volume were 1215.48, 1621.2 and

2029.44 m*/season, respectively, under drip irrigation system.

Drip irrigation system tends to increase the yield of corn by about 9.75%
and save the irrigation water by about 41% compared to flood irrigation system.
It can be reported that drip irrigation system is the best method for water
management. This finding may be due to high efficiency of drip irrigation in
providing the suitable amount of water and fertilizer to plant at different growth

stages ( Awady et al., 1975; El-Ebaby, 1986, El-Gindy, 1988; Bakr et al., 1979)

The maximum value of corn yield of 6.150 Mg/fed, was obtained by using
canal water (EC of 1.33 mmhos/cm), as an irrigation water and 2029.44

m*/season, of applied water volume under drip irrigation system.

The minimum value of corn yield of 3.070 Mg/fed, was obtained by using a
drainage water (EC of 3.61 mmhos/cm), as an irrigation water and 2066.4
m?*/season, of applied water volume under flood irrigation system. Also, drip

irrigation system gave the highest corn yield compared to flood irrigation system
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especially in the treatments of saline irrigation water (drainage water which
having salinity EC of 3.61 mmhos/cm), this can be attributed to the effect of drip

irrigation system in controlling water and fertilizers supply (Badr, 1993)

Regression analysis was followed and the following multiple regression
equation was developed to describe the relationship between the productivity of
corn (Y) as affected by applied water volume (X) and irrigation water salinity

(X,) as follows:

Under drip irrigation the equation is
Y =4.565 + 0.00093 X, - 0.515 X, (R=0.913)
As X, ranged from 1215.48 to 2029.44 m’/fed/season and irrigation water

salinity ranged from 1.33 to 3.61mmhos/cm.

Under flood irrigation the equation is
Y =3.64 + 0.000725 X; - 0.475 X, (R =0.959)
As X, ranged from 2066.4 to 3444 m’/fed/season and X, ranged from 1.33

to 3.61mmhos/cm.

Where
Y = com crop yield
X1 = The amount of applied water volume
X, = irrigation water salinity

R = correlation coefficient

Data presented in Tables 47 and 48 revealed that the difference between
the measured values and predicted values of corn crop yield is low under both
irrigation systems (flood and drip). The maximum residual percentages were 11.5
and 7.97% under flood and drip irrigation, respectively. The statical analysis
revealed that, there is a highly correlation between corn crop yield and both

irrigation water salinity and amount of applied water volume.
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4.2.Sunflowwer crop:

The water salinity had a highly significant effect on sunflower crop yield
under both of irrigation systems (drip and flood) as shown in Tables 41 and 42 in
the appendix, and illustrated in Figs 69 and 70. The average values of sunflower
yield were 1.048, 0.868, 0.811 and 0.711 Mg/fed, under flood irrigation and were
0.910, 0.794, 0.731 and 0.661 Mg/fed, under drip irrigation system by using
water salinity levels of 1.33, 2.087, 2.85 and 3.61 mmhos/cm, respectively.

Increasing applied water volume from 2314.2 to 3087 m’/season, tends to
increase the sunflower yield by about 10.6%, and 5.13% when the amount of
applied water volume increased from 2314.2 to 3855.6 m*/season, under flood
irrigation system. Under drip irrigation, the increase in sunflower yield was about
20% when the amount of applied water increased from 1360.8 to 1814
m’/season, and about 11.14% when the amount of applied water increased from

1360.8 to 2268 m>/season.

The maximum value of sunflower yield was 1.143 Mg/fed by using 3087
m’/season, canal water (EC of 1.33 mmhos/cm), as irrigation water under flood
irrigation system. The flood irrigation gave the highest yield of sunflower
compared to drip irrigation, but the drip irrigation system saved about 41% of

irrigation water.

In general, it can be reported that drip irrigation system is the best method
for water management. This may be due to high efficiency of drip irrigation
system in providing the suitable amount of water and fertilizers to plants at

different growth stages (El-Ebaby, 1986; El-Gindy, 1988; Bakr et al., 1979).

Regression analysis was followed, and the following multiple regression

equation was developed to describe the relationship between the productivity of
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sunflower (Y) as affected by applied water volume (X;) and irrigation water

salinity (X;) as follows:

Under drip irrigation the equation was
Y =0.984 + 0.00063 X; - 0.1204 X, (R =0.858)

As X, ranged from 1360.8 to 2268 m’/fed/season and X, ranged from 1.33
to 3.61mmhos/cm.

Under flood irrigation the equation is
Y =1.1113 + 0.0000298 X, - 0.138 X, (R=0.903)
As X; ranged from 2314.2 to 3855.6 m*/fed/season and X, ranged from

1.33 to 3.61mmhos/cm.

Where
Y = sunflower crop yield
X1 = The amount of applied water volume
X, = irrigation water salinity

R = correlation coefficient

Data presented in Tables 49 and 50 revealed the difference between the
measured values and predicted values of sunflower crop yield is low under both
irrigation systems (flood and drip). The maximum residual percentages were 11.1
and 13.6 % under surface and drip irrigation, respectively. The statical analysis
revealed that, there is a highly correlation between sunflower crop yield and both
irrigation water salinity and amount of applied water volume under drip and flood

irrigation.

5. Water use efficiency (WUE) of corn and sunflower:

Water use efficiency is affected by many factors such as (irrigation water

salinity, irrigation system, applied water volume and ...etc.
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The values of water use efficiency (WUE) were affected by water salinity
and applied water volume ‘as shown in Tables 43, 44, 45 and 46 from appendix
and Figures from 71 to 74. It decreased by increasing the salinity of irrigation
water under both irrigation systems (drip and flood) for corn and sunflower crops,
because the availability of water decreased with increasing of irrigation water
salinity and causes raise in the osmotic potential in the root zone, therefore, the

crop yield decreased.

The average values of water use efficiency for suﬁﬂower were 0.36, 0.30,
0.27 and 0.23 kg/m® under flood irrigation system and they were 0.58, 0.47, 0.42
and 0.37 kg/m’ under drip irrigation system by using irrigation water salinity
levels of 1.33, 2.087, 2.85 and 3.61 mmhos/cm, respectively. Also, the average
values of water use efficiencies for corn were 1.85,1.76, 1.66 and 1.49 kg/m’
under flood irrigation system and they were 3.39, 3.29, 3.20 and 2.72 kg/m’
under drip irrigation system by using irrigation water salinity levels of 1.33,
2.087, 2.85 and 3.61 mmhos/cm, respectively. Similar results were obtained by
Mohamed (1995), who stated that water use efficiency of cucumber decreased by

increasing irrigation water salinity.

Data revealed that the water use efficiency (WUE) decreased by increasing
the amount of applied water volume for both crops (corn and sunflower) under
both flood and drip irrigation systems. The obtained values of water use
efficiency for corn were 1.92,1.62 and 1.53 kg/m®, under flood irrigation by using
2066.4, 27552 and 3444 m®/season, of irrigation water and these values were
3.6, 2.99 and 2.6 kg/m®, under drip irrigation by using 1215.48, 16212, and
2029.44 m’/season, of irrigation water. The obtained values of water use
efficiencies for sunflower were 0.35, 0.30, and 0.22 kg/m’ under flood irrigation

system by using 2314.2, 3087, and 3855.6 m?/season, irrigation water and they
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were 0.54, 0.48, and 0.36 kg/m’, under drip irrigation by using 1360.8, 1814.82,

and 2268 m*/season, of irrigation water.

The drip irrigation had a highly significant effect on water use efficiency
compared to the flood irrigation. The water use efficiency increased by about
4383 and 3582 % for corn and sunflower crops, respectively, under drip

irrigation compared to flood irrigation.

The maximum value of water use efficiency for corn of 3.81 kg/m’ was
obtained by using canal water (EC of 1.33 mmhos/cm), and 1215.48 m*/season,
as an irrigation water under drip irrigation system. This value was 0.67 kg/m’ for
sunflower crop by wusing 1360.8 m’/season, of canal water (EC of
1.33 mmhos/cm), as an irrigation water under drip irrigation, this finding was in
agreement with (El-Gindy, 1984, Mohamed, 1995; El-Ebaby, 1986), they
reported that drip irrigation system gave the highest value of water use efficiency

compared to flood irrigation system.

Regression analysis was followed and the following multiple regression
equation was developed to describe the relationship between the water use
efficiency of corn and sunflower (Y) as affected by applied water volume (X;)

and irrigation water salinity (X) as follows:

1- corn crop

Under drip irrigation the equation is
Y =5.904 + 0.0013 X, - 0.295 X, (R=10.976)

As X; ranged from 1215.48 to 2029.44 m*/fed/season and irrigation water
salinity ranged from 1.33 to 3.61mmhos/cm.

Under flood irrigation the equation is

Y =3.065 + 0.00034 X, - 0.191 X, (R =0.815)
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As X ranged from 2066.4 to 3444 m’/fed/season and irrigation water

salinity ranged from 1.33 to 3.6 1mmhos/cm.

Where:

Y = The water use efficiency of comn

X1 = The amount of applied water volume
X, = irrigation water salinity

R = correlation coefficient

Data presented in Tables 51 and 52 revealed that the difference between
the measured values and predicted values of water use efficiency of corn is low
under both irrigation system (flood and drip). The maximum residual percentages

were 12.8 and 6.14% under flood and drip irrigation, respectively.

2- Sunflower crop

Under drip irrigation the equation is

Y =1.047 + 0.00023 X, - 0.07 X, (R=0.971)

As X, ranged from 1360.8 to 2268 m’/fed/season and irrigation water
salinity ranged from 1.33 to 3.61mmbhos/cm.

Under flood irrigation the equation is

Y =0.6659 + 0.0000829 X, - 0.0497 X, (R=0.97)

As X; ranged from 2314.2 to 3855.6 m*/fed/season and irrigation water
salinity ranged from 1.33 to 3.6 1mmhos/cm.

Where:
Y = the water use efficiency of sunflower
X1 = The amount of applied water volume

X, = irrigation water salinity

R = correlation coefficient
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Data presented in Tables 53 and 54 revealed that the difference between
the measured values and predicted values of water use efficiency of sunflower
were low under both irrigation system (flood and drip). The maximum residual
percentages were 7.69 and 11.7% under flood and drip irrigation, respectively.
Statical analysis revealed that, there is a highly negative correlation between
water use efficiency of both corn and sunflower and both irrigation water salinity

and amount of applied irrigation water under both drip and flood irrigation
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SUMMARY AND CONCLUSION

Due to scarcity of fresh water at the end of canals. There is choice
for the farmer to use another types of water for irrigation such as
agricultural drainage water, which is available for him. Many areas use

drainage water for irrigation such as El-Wady and Kafr El1-Sheikh.

A field experiment was carried out during summer season of 1997 in
North of El-Tahrir district, El-Bohaira Governorate. To study the individual
and interaction effect of irrigation water salinity, irrigation systems and
applied water volume on salt content and distribution of loamy sand soil,
soil moisture content and distribution, crop yield, vegetative growth and

water use efficiency of corn and sunflower crops.

The experiment was laid out in split plot design with three replicates.

The experiment included the following factors:

Irrigation systems:

There are two different irrigation systems as follows:
1- Flood irrigation

2- Drip irrigation

Applied water volume:

Three different amounts of applied water volumes for two crops (corn
and sunflower) under both irrigation systems (drip and surface) were used

as follows:

Under flood irrigation, the amounts were 2066.4, 27552 and 3444
m’/season, for corn plant and they were 2314.2, 3087 and 3855.6

3
m’/season, for sunflower plant.
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Under drip irrigation the amounts were 1215.48, 1621.2 and 2029.44
m3/season, for corn plant and they were 1360.8, 1814.82 and 2268

m’/season, for sunflower plant.

Water quality

Four different water salinity levels were used in this research for both
corn and sunflower as follows:
1-Fresh water (EC of 1.33 mmhos/cm)
2-Mixing water 2fresh water: 1 drainage water (EC of 2.087 mmbhos/cm)
3-Mixing water 2drainage water: 1fresh water (EC of 2.85 mmhos/cm)

4-drainage water (EC of 3.61 mmhos/cm)

The study included:

1-Before every irrigation, water samples were taken from canal and the
nearest drain for chemical analysis.

2- Before starting the experiment, soil samples were taken at two different
depths of 0-30 and 30-60 cm, from soil surface to determine different
soil chemical and physical properties (soil moisture content and
distribution, salt content and distribution, bulk density and pore size
distribution).

3- Vegetative growth and crop yield measurements for corn and sunflower
plants included plant height, leaf area, diameter of stem and grain yield.
4- At harvesting, soil samples were taken from four different depths 0, 15,
30 and 45 cm, to determine soil moisture content and salt content.

The obtained results could be summarized as follows:

1.Soil salinity distribution:

The values of soil salinity (EC,) markedly increased with increasing the
salinity of irrigation water. This increase takes vertical direction under
flood irrigation system and this increase takes vertical and horizontal

directions under drip irrigation system. Also, results obtained that soil
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salinity (EC.) decreased by increasing the amount of applied water volume
per season. In drip irrigation system the minimum value of salt
concentration was found directly under emitters and increased when
measured away far from emitters. Soil salinity under flood irrigation was
higher than under drip irrigation in the root zone. Therefore, it can be
reported that the use of drip irrigation controlled the salinity increase in the

root zone.

2.Soil moisture content distribution:

Generally soil moisture content decreased as soil depth increased after
irrigation under flood irrigation, and it decreased as the soil depth increased
and far away from the emitter under drip irrigation system. Soil moisture
content increased by increasing the amount of applied water volume under
both irrigation systems (drip and flood), therefore, soil wetted volume
‘increased. Drip irrigation provides the soil with most favorable conditions
of moisture content in the root zone, and provides the suitable amount of
water requirements to the growing crops without any percolation losses

comparing to surface irrigation.

3- vegetative growth:

a- Corn plant:
Results indicated that the maximum vegetative growth of corn was

obtained in the plots, irrigated with canal water (low water salinity EC of
1.33 mmhos/cm), under drip irrigation. Also, it can be reported that
irrigation with low water quality (drainage water EC of 3.61 mmhos/cm),
has a high effect on decreasing plant height, stem diameter and leaf area

index.

68



b- Sunflower plant:

Results also, indicated that the maximum plant height and stem
diameter were found under drip irrigation but the maximum leaf area index
was found under flood irrigation system. Also, results indicated that the
maximum vegetative growth was obtained in the plots irrigated with low

water salinity (canal water EC of 1.33 mmhos/cm).

4.Crop vield:

a- Corn crop yield:

The maximum value of corn yield of 6150 kg/fed was obtained in the
plots, irrigated with low water salinity (canal water EC of 1.33 mmhos/cm),
and received the highest amount of water of 2029.44 m*/season, under drip
irrigation. Also, it is evident that although the drip irrigation saved about
41% of water requirements compared to surface one, the obtained corn
yield was higher in the plots of drip irrigation comparing to the flood
irrigation. Drip irrigation increased corn yield by 9.75% compared to flood

irrigation.

b- Sunflower crop vield:

Results indicated that the maximum sunflower yield is obtained in the
plots irrigated with good water quality (canal water EC of 1.33
mmhos/cm), and received the second amount of applied water volume
3087 m’/season, under flood irrigation. Also, it is evident that although the
yield obtained from flood irrigated plots is higher than the drip one, the
latter is the best method for water management. It saves about 41% from
water requirement compared to the surface irrigation. Flood irrigation

increased sunflower yield by 8.75% compared to drip irrigation.
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S-Water use efficiency:

The highest water use efficiencies of corn and sunflower of 3.81 and
0.67 Kg/m® were obtained from the treatments that received canal water
irrigation (EC of 1.33 mmhos/cm), and lower amount of applied water
volume under drip irrigation. Drip irrigation increased water use efficiency
by 43.8 and 35.8% for corn and sunflower. Therefore, drip irrigation is the
best considering water management, high corn yield, more water saved and

high water use efficiency of corn and sunflower.

6- Applied recommendations:

During summer season of 1997, the experiment was carried out in the
North of El-Tahreer district. It can be recommended that.

1- Drainage water can be reused after mixing with canal water in that
district.

2-1If the farmer wants to plant corn, he will use drip irrigation because
it gives the highest yield of corn comparing to flood irrigation. But,
If he wants to plant sunflower, he will use flood irrigation because it
gives the highest yield of sunflower comparing to drip irrigation.

3-1If the farmer wants to plant corn and sunflower in this district, he
will need applied water rates of 2029.45 and 3087 m’/season,
respectively.

4- Drip irrigation in this case will save about 41% from water

requirement comparing to flood irrigation.
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Table 7: Effect of applied water volume and irrigation water salinity on

plant height of corn (cm

) after 21 day from sowing under flood

irrigation
Growth | Water salinity | Applied water volume (m’/21day) | T- Mean
stage mmhos/cm 374.8 499.8 624.7
1.330 10.5 10.5 12.00 11.00
After 21 2.087 10.4 10.5 10.13 10.34
day from 2.850 10.17 10.1 10.10 10.12
sowing 3.61 10.0 9.80 10.00 10.43
V-Mean 10.40 10.23 10.81

LSD 5% =0.85

LSD 1%=1.16

Table 8: Effect of applied water volume and irrigation water salinity on
plant height of corn (cm) after 50 day from sowing under flood

irrigation
Growth | Water salinity | Applied water volume (m’/50 day) | T- Mean
stage mmhos/cm 1042.6 1390.2 1737.7
1.330 65.83 67.30 74.70 69.28
After 50 2.087 65.70 66.20 71.73 67.88
day from 2.850 61.70 63.40 67.20 64.10
sowing 3.61 60.30 61.30 62.47 62.50
V-Mean 63.38 64.60 69.86

LSD 5% = 9.44

LSD 1% =129

Table 9: Effect of applied water volume and irrigation water salinity on

plant height of corn (cm) at harvesting under flood irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmhos/cm 2066.4 2755.2 3444
1.330 153 179 181 171
At 2.087 147 170 177 160
harvesting 2.850 146 168 168 159
3.61 141 157 163 154
V-Mean 147 165 171

LSD 5% =18.75
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Table 10: Effect of applied water volume and irrigation water salinity on

plant height of corn (cm) after 21 day from sowing under drip

irrigation
Growth | Water salinity | Applied water volume (m3/21 day) | T- Mean
stage mmbhos/cm 220.5 294.0 367.5
1.330 10.4 10.9 10.0 10.20
After 21 2.087 9.70 10.5 10.1 10.33
day from 2.850 9.90 10.0 9.10 10.00
sowing 3.61 9.60 8.00 9.00 9.030
V-Mean 9.90 10.1 9.70

LSD 5% = 0.94

LSD 1% =1.28

Table 11: Effect of applied water volume and irrigation water salinity on
plant height of corn (cm) after 50 day from sowing under drip

irrigation
Growth | Water salinity | Applied water volume (m’/50 day) | T- Mean
stage mmbhos/cm 613.3 817.8 1022.2

1.330 76.8 103 99.4 93.1

After 50 2.087 72.5 91.2 96.9 86.9

day from 2.850 70.1 79.4 95.3 81.6

sowing 3.61 56.3 77.1 81.6 71.7

V-Mean 68.9 87.7 93.3

LSD 5% =14.11

LSD 1% =19.34

Table 12: Effect of applied water volume and irrigation water salinity on

plant height of corn (cm) at harvesting under drip irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmhos/cm 1215.5 1621.2 2029.4
1.330 180 186 196 187
At 2.087 176 187 190 184
harvesting 2.850 161 178 186 175
3.61 158 164 175 166
V-Mean 169 179 187

LSD 5% =24.4
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Table 13: Effect of applied water volume and irrigation water salinity on
stem diameter of corn (cm) after 21 day from sowing under flood

irrigation
Growth | Water salinity | Applied water volume (m°/21 day) | T- Mean
stage mmhos/cm 374.8 499.8 624.7
1.330 0.75 0.92 0.98 0.880
After 21 2.087 0.70 0.80 0.76 0.750
day from 2.850 0.70 0.73 0.73 0.720
sowing 3.61 0.66 0.73 0.69 0.773
V-Mean 0.72 0.82 0.81

LSD 5% = 0.127

LSD 1% =10.174

Table 14: Effect of applied water volume and irrigation water salinity on
stem diameter of corn (cm) after 50 day from sowing under flood

irrigation
Growth | Water salinity | Applied water volume (m’/season) | T- MeaT‘
stage mmhos/cm 1042.6 1390.2 1737.7

1.330 1.96 1.80 1.99 1.87

After 50 2.087 1.64 1.77 1.93 1.78

day from 2.850 1.42 1.58 1.80 1.60

sowing 3.61 1.39 1.31 1.75 1.49

V-Mean 1.60 1.62 1.84

LSD 5% = 0.142

LSD 1% = 0.194

Table 15: Effect of applied water volume and irrigation water salinity on
stem diameter of corn (cm) at harvesting under flood irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmbhos/cm 2066.4 2755.2 3444
1.330 2.36 2.48 2.57 2.43
At 2.087 2.30 2.43 2.46 2.40
harvesting 2.850 2.15 2.40 2.38 2.32
3.61 2.05 2.15 2.21 2.14
V-Mean 2.18 2.38 2.41

LSD 5% =0.27
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Table 16: Effect of applied water volume and irrigation water salinity on
stem diameter of corn (cm) after 21 day from sowing under

drip irrigation

Growth | Water salinity | Applied water volume (m’/21 day) | T- Mean
stage mmhos/cm 220.5 294.0 367.5
1.330 0.95 0.80 0.92 0.890
After 21 2.087 0.92 0.73 0.90 0.793
day from 2.850 0.83 0.72 0.89 0.793
sowing 361 0.80 0.70 0.67 0.753
V-Mean 0.872 0.748 0.807

LSD 5% = 0.142

LSD 1% =0.195

Table 17: Effect of applied water volume and irrigation water salinity on
stem diameter of corn (cm) after 50 day from sowing under

drip irrigation

Growth | Water salinity | Applied water volume (m’/50 day) | T- Mean
stage mmhos/cm 613.3 817.8 1022.2
1.330 1.23 2.66 2.5 2.13
After 50 2.087 1.16 2.10 2.12 1.79 |
day 2.850 1.16 1.93 1.99 1.73
3.61 1.10 1.86 1.70 1.55
V-Mean 2.19 2.14 2.18
LSD 5% = 0.192 LSD 1% = 0.263

Table 18: Effect of applied water volume and irrigation water salinity on
stem diameter of corn (cm) at harvesting under drip irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean

stage mmbhos/cm 1215.5 1621.2 2029.4
1.330 2.64 3.05 2.78 2.822
At 2.087 2.50 2.73 2.73 2.653
harvesting 2.850 2.43 2.61 2.73 2.590
3.61 2.22 2.54 2.32 2.362

V-Mean 2.45 2.73 2.64

LSD 5% =0.29 LSD 1% =0.39
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Table 19: Effect of applied water volume and irrigation water salinity on
leaf area index of corn after 21 day from sowing under flood

irrigation
Growth | Water salinity | Applied water volume (m’/21 day) | T-Mean
stage mmhos/cm 374.8 499.8 624.7
1.330 0.097 0.116 0.112 0.108
After 21 2.087 0.075 0.092 0.085 0.084
day from 2.850 0.070 0.090 0.073 0.078
sowing 3.61 0.067 0.077 0.072 0.072
V-Mean 0.077 0.094 0.085

LSD 5% = 0.034

LSD 1% = 0.046

Table 20: Effect of applied water volume and irrigation water salinity on
leaf area index of corn at harvesting under flood irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmhos/cm 2066.4 2755.2 3444
1.330 1.62 1.68 191 1.74
At 2.087 1.476 1.52 1.77 1.59
harvesting 2.850 1.480 1.39 1.75 1.54
3.61 1.270 1.26 1.50 1.34
V-Mean 1.462 1.463 1.73

LSD 5% = 0.126
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Table 21: Effect of applied water volume and irrigation water salinity on
leaf area index of corn after 21 day from sowing under drip

irrigation
Growth | Water salinity | Applied water volume (m”/21 day) | T- Mean
stage mmhos/cm 220.5 294.0 367.5
' 1.330 0.106 0.117 0.122 0.115
After 21 2.087 0.095 0.112 0.113 0.107
day from 2.850 0.089 0.105 0.093 0.096
sowing 361 0.060 0.061 0.073 0.065
V-Mean 0.087 0.099 0.100

LSD 5% =0.01

LSD 1% =0.013

Table 22: Effect of applied water volume and irrigation water salinity on

leaf area index of corn at harvesting under drip irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmhos/cm 1215.5 1621.2 2029.4
1.330 1.80 1.87 2.01 1.890
At 2.087 1.538 1.74 1.88 1.720
harvesting 2.850 1.54 1.48 1.83 1.620
3.61 1.41 1.34 1.38 1.377
V-Mean 1.570 1.610 1.775

LSD 5% =0.363
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Table 23: Effect of applied water volume and irrigation water salinity on
plant height of sunflower (cm) after 21 day from sowing under
flood irrigation

Growth | Water salinity | Applied water volume (m’/21 day) | T- Mean
stage mmhos/cm 229.9 306.6 383.3
1.330 15.0 21.1 19.0 18.4
After 21 2.087 14.5 18.2 17.1 15.9
day from 2.850 13.0 16.5 16.7 15.9
sowing 3.61 12.0 17.1 14.0 14.7
V-Mean 13.63 18.46 16.60
LSD 5%=12.8 LSD 1% =3.84

Table 24: Effect of applied water volume and irrigation water salinity on
plant height of sunflower (cm) after 50 day from sowing under
* flood irrigation

Growth | Water salinity | Applied water volume (m’/50 day) | T- Mean
stage mmhos/cm 932.4 1243.2 1554

1.330 1242 1843 172.8 160.4

After 50 2.087 121.7 180.5 159.2 153.8
day from 2.850 115.1 176.1 144.0 145.1
sowing 3.61 113.1 171.8 142.2 1424

V-Mean 118.53 178.20 154.60
LSD 5% =135 LSD 1% =185

Table 25: Effect of applied water volume and irrigation water salinity on

plant height of sunflower (cm) at harvesting under flood

irrigation
Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmhos/cm 2314.2 3087.0 3855.6

1.330 260 276 285 265

At 2.087 251 270 274 262
harvesting 2.850 248 268 249 255
3.61 237 263 242 247

V-Mean 249 261 263

LSD 5% =27.
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Table 26: Effect of applied water volume and irrigation water salinity on
plant height of sunflower (cm) after 21 day from sowing under

drip irrigation

Growth | Water salinity | Applied water volume (m’/21 day) | T- Mean
stage mmhos/cm 135.3 180.4 225.5
1.330 17.0 21.5 17.90 18.80
After 21 2.087 16.7 18.5 17.60 17.57
day from 2.850 16.4 17.9 17.50 16.98
sowing 3.61 16.0 18.1 17.53 17.38
V-Mean 16.66 18.77 17.61
LSD 5% = 0.66 LSD 1% =0.90

Table 27: Effect of applied water volume and irrigation water salinity on
plant height of sunflower (cm) after 50 day from sowing under

drip irrigation

Growth | Water salinity | Applied water volume (m’/50 day) | T-Mean
stage mmhos/cm 548.5 731.3 914.1
1.330 142.1 191.6 178.3 170.7
After 50 2.087 138.2 179.1 175.6 164.3
day from 2.850 133.3 175.4 170.9 159.9
sowing 3.61 130.6 172.7 165.4 156.2
V-Mean 136.05 179.70 172.60
LSD 5% =22.5 LSD 1% =30.8

Table 28: Effect of applied water volume and jrrigation water salinity on
plant height of sunflower (cm) at harvesting under drip

irrigation
Growth | Water salinity | Applied water volume (m’/season) | T- Mean

stage mmbhos/cm 1360.8 1814.8 2268.0
1.330 267 305 289 287
At 2.087 187 303 170 220
harvesting 2.850 156 285 166 202
3.61 140 284 143 189

V-Mean 187.5 294.5 192.2

LSD 5% =17.43 LSD 1%=1239
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Table 29: Effect of applied water volume and irrigation water salinity on
stem diameter of sunflower (cm) after 21 day from sowing under
flood irrigation

Growth | Water salinity | Applied water volume (m’/21 day) | T- Mean
stage mmbhos/cm 229.9 306.6 3833
1.330 0.72 0.89 0.89 0.817
After 21 2.087 0.70 0.86 0.73 0.763
day from 2.850 0.73 0.76 0.69 0.727
sowing 3.61 0.57 0.73 0.67 0.658
V-Mean 0.67 0.81 0.75

LSD 5% = 0.081 LSD 1%=0.111

Table 30: Effect of applied water volume and irrigation water salinity on
stem diameter of sunflower (cm) after 50 day from sowing
under flood irrigation

Growth | Water salinity | Applied water volume (m’/50 day) | T- Mean
stage mmhos/cm 932.4 12432 1554
1.330 2.04 2.60 2.64 2.430
After 50 2.087 2.01 2.51 2.29 2.300
day from 2.850 1.97 2.39 2.25 2.203
sowing 3.61 1.81 223 1.85 1.998
V-Mean 1.98 2.45 2.26

LSD 5% =0.157 LSD 1% =0.215

Table 31: Effect of applied water volume and irrigation water salinity on
stem diameter of sunflower (cm) at harvesting under flood

irrigation
Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmbhos/cm 2314.2 3087.0 3855.6

1.330 2.91 3.68 3.30 3.30

At 2.087 2.73 342 3.21 3.12
harvesting 2.850 2.62 3.39 3.23 3.08
3.61 2.34 3.18 2.98 2.83

V-Mean 2.65 3.42 3.18

LSD 5% = 0.447 LSD 1% = 0.612
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Table 32: Effect of applied water volume and irrigation water salinity on
stem diameter of sunflower (cm) after 21 day from sowing
under drip irrigation

Growth | Water salinity | Applied water volume (m’/21 day) | T- Mean
stage mmbhos/cm 135.3 180.4 225.5
1.330 0.83 0.95 0.88 0.870
After 21 2.087 0.82 0.89 0.86 0.857
day from 2.850 0.68 0.80 0.76 . 0.730
sowing 3.61 0.73 0.86 0.70 0.783
V-Mean 0.765 0.875 0.788

LSD 5% = 0.095

LSD 1% =0.130

Table 33: Effect of applied water volume and irrigation water salinity on
stem diameter of sunflower (cm) after 50 day from sowing
under drip irrigation

Growth | Water salinity | Applied water volume (m’/50 day) | T- Mean
stage mmhos/cm 548.5 731.3 914.1
1.330 2.32 2.78 2.39 2.497
After 50 2.087 2.23 2.58 2.35 2.387
day from 2.850 1.97 2.32 2.27 2.190
sowing 3.61 1.88 2.23 2.26 2.197
V-Mean 2.16 248 2.32

LSD 5% = 0.136

LSD 1% =0.186

Table 34: Effect of applied water volume and irrigation water salinity on

stem diameter of sunflower (cm) at harvesting under drip

irrigation
Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmhos/cm 1360.8 1814.8 2268.0

1.330 291 3.81 3.12 3.28

At 2.087 2.81 3.30 2.99 2.97
harvesting 2.850 2.74 3.13 2.99 2.95
3.61 2.73 3.10 291 291

V-Mean 2.76 3.33 3.00

LSD 5% = 0.543
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Table 35: Effect of applied water volume and irrigation water salinity on
leaf area index of sunflower after 21 day from sowing under
_ flood irrigation

Growth | Water salinity | Applied water volume (n°/21 day) | T-Mean
stage mmbhos/cm 229.9 306.6 383.3
1.330 0.128 0.160 0.140 0.143
After 21 2.087 0.110 0.150 0.130 0.130
day from 2.850 0.089 0.144 0.112 0.115
sowing 3.61 0.079 0.112 0.0897 0.094
V-Mean 0.102 0.142 0.118

LSD 5% = 0.009

LSD 1% =0.013

Table 36: Effect of applied water volume and irrigation water salinity on
leaf area index of sunflower at harvesting under flood irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmhos/cm 23142 3087.0 3855.6
1.330 2.09 1.92 2.403 2.140
At 2.087 2.05 1.91 2.230 2.063
harvesting 2.850 2.07 1.76 2.200 2.010
3.61 1.58 1.64 1.890 1.700
V-Mean 1.95 1.81 2.18

LSD 5% =0.128
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Table 37: Effect of applied water volume and irrigation water salinity on
leaf area index of sunflower after 21 day from sowing under
drip irrigation

Growth | Water salinity | Applied water volume (m’/21 day) | T- Mean
stage mmhos/cm 135.3 180.4 225.5
1.330 0.107 0.164 0.121 0.131
After 21 2.087 0.094 0.116 0.102 0.104
day from 2.850 0.083 0.091 0.0897 0.088
sowing 3.61 0.0828 0.088 0.0856 0.085
V-Mean 0.092 0.115 0.0996

LSD 5% =0.011

LSD 1% =0.015

Table 38: Effect of applied water volume and irrigation water salinity on
leaf area index of sunflower at harvesting under drip irrigation

Growth | Water salinity | Applied water volume (m’/season) | T- Mean
stage mmbhos/cm 1360.8 1814.8 2268.0
1.330 2.27 2.36 233 2.32
At 2.087 1.94 2.16 224 2.11
harvesting 2.850 1.88 1.87 2.31 2.02
3.61 1.65 1.69 1.74 1.69
V-Mean 1.935 2.020 2.155

LSD 5% = 0.286
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Table 39: Effect of applied water volume and irrigation water salinity on
yield of corn (Mg/fed) under flood system

Irrigation | Water salinity | Applied water volume (m’/season) | T- Mean
system mmbhos/cm 20664 2755.2 3444
1.330 4.570 4.760 5.550 4.960
Flood 2.087 4.180 4.680 5.060 4.640
irrigation 2.850 3.940 4.500 4.660 4.370
3.61 3.070 3.920 4.603 3.870
V-Mean 3.940 4.464 4.968

LSD 5% = 0.272

LSD 1% =0.372

Table 40: Effect of applied water volume and irrigation water salinity on
yield of corn (Mg/fed) under drip system

Irrigation | Water salinity | Applied water volume (m’/season) | T- Mean
system mmbhos/cm 1215.5 1621.2 2029.4
1.330 4.810 5.283 6.150 5414
Drip 2.087 4413 4.937 5.673 5.008
irrigation 2.850 4.340 4,693 4.650 4.561
3.61 4113 4393 4.250 4252
V-Mean 4.419 4.827 5.181

LSD 5% = 0.260
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Table 41: Effect of applied water volume and irrigation water salinity on

yield of sunflower (Mg/fed) under flood irrigation system

Irrigation | Water salinity Applied water volume (m’/season) | T- Mean

system mmhos/cm 2314.2 3087.0 3855.6
1.330 0.970 1.143 1.030 1.048
Flood 2.087 0.827 0.907 0.870 0.868
irrigation 2.850 0.743 0.873 0.817 0.811
3.61 0.710 0.713 0.710 0.711

V-Mean 0.813 0.909 0.857

LSD 5% = 0.084 LSD 1% =0.115

Table 42: Effect of applied water volume and irrigation water salinity on

yield of sunflower (Mg/fed) under drip irrigation system

Irrigation | Water salinity Applied water volume (m’/season) | T- Mean
system mmbhos/cm 1360.8 1814.8 2268.0
1.330 0.867 1.043 0.890 0.910
Drip 2.087 0.770 0.883 0.780 0.794
irrigation 2.850 0.683 0.777 0.733 0.731
3.61 0.663 0.753 0.667 0.661
V-Mean 0.691 0.864 0.768

LSD 5% = 0.077
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Table 43: Effect of applied water volume and irrigation water salinity on

water use efficiency of corn (kg/m®) under flood irri gation

system
Irrigation | Water salinity | Applied water volume (m”/season) | T- Mean

system mmhos/cm 2066.4 2755.2 3444
1.330 2.14 1.74 1.67 1.85
Flood 2.087 2.07 1.67 1.55 1.76
irrigation 2.850 1.91 1.59 1.48 1.66
3.61 1.55 1.50 1.43 1.49

V-Mean 1.92 1.62 1.53

LSD 5% =0.098

LSD 1% =0.135

Table 44: Effect of applied water volume and irrigation water salinity on
water use efficiency of corn (kg/m’) under drip irrigation system

Irrigation | Water salinity | Applied water volume (in’/season) | T- Mean
system mmbhos/cm 1215.5 1621.2 20294
1.330 3.81 3.33 3.02 3.39
Drip 2.087 3.64 3.09 2.86 3.29
irrigation 2.850 3.57 2.92 2.38 3.20
3.61 3.40 2.62 2.14 2.72
V-Mean 3.60 2.99 2.60

LSD 5% =0.59
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Table 45: Effect of applied water volume and irrigation water salinity on
water use efficiency of sunflower (kg/m®) under flood irrigation

system
Irrigation | Water salinity | Applied water volume (m’/season) | T- Mean
system mmhos/cm 2314.2 3087.0 3855.6
1.330 0.43 0.37 0.27 0.36
Flood 2.087 0.37 0.31 0.23 0.30
irrigation 2.850 0.32 0.285 0.21 0.27
3.61 0.286 0.233 0.18 0.23
V-Mean 0.35 0.30 0.22

LSD 5% =0.031

LSD 1% = 0.043

Table 46: Effect of applied water volume and irrigation water salinity on
water use efficiency of sunflower (kg/m’) under drip irrigation

system
Irrigation | Water salinity | Applied water volume (m’/season) | T- Mean
system mmhos/cm 1360.8 1814.8 2268.0

1.330 0.67 0.58 0.48 0.58

Drip 2.087 0.57 0.49 0.34 0.47

irrigation 2.850 0.50 0.43 0.33 042

3.61 0.42 0.41 0.29 0.37

V-Mean 0.54 0.48 0.36

LSD 5% = 0.0335
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Table 47: Predicted and measured values of corn crop yield under
flood irrigation system.

Y =3.64 +0.000725X; - 0.475X, R=0.959
Volumes Water salinity Y predicted Y measured Residual
m’/fed/season | mmhos/cm kg/fed kg/fed percentage %

1.330 4.506 4.571 1.42
2.087 4.147 4303 3.60
2066.4 2.850 3.780 3.938 4.01
3.610 3.420 3.067 11.5
1.330 5.010 4.760 5.25
2.087 4.650 4.676 0.55
27552 2.850 4.280 4.490 4.68
3.610 3.920 3.920 0.00
1.330 5.510 5.550 0.72
3444 2.087 5.150 5.062 1.74
2.850 4.780 4.659 2.60
3.610 4.420 4.604 3.99

Table 48: Predicted and measured values of corn crop yield under
drip irrigation system.

Y =4.655+0.00093X, - 0.515X, R=0.913
Volumes Water salinity | Y predicted Y rmeasured Residual
m’/fed/season | mmhos/cm kg/fed kg/fed percentage %

‘ 1.330 5.010 4810 4.16

2.087 4.620 4410 476

1215.48 2.850 4.230 4.340 2.53

3.610 3.840 4113 6.64

1.330 5.390 5281 2.06

2.087 4.999 4937 1.26

1621.2 2.850 4.610 4.694 1.79

3.610 4210 4.394 4.19

1.330 5.770 6.145 6.10

2.087 5.380 5.672 5.15

2029.44 2.850 4.990 4.650 731

3.610 4.590 4251 7.97
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Table 49: Predicted and measured values of sunflower crop yield

under flood irrigation system.

Y =1.1113 +0.0000298X%, - 0.138X, R=0.903
Volumes Water salinity Y predicted Y measured Residual
m*/fed/season | mmhos/cm kg/fed kg/fed percentage %
1.330 0.996 0.973 3.36
2.087 0.892 0.824 8.25
23142 2.850 0.787 0.740 6.35
3.610 0.682 0.710 3.94
1.330 1.019 1.140 10.6
2.087 0.915 0.910 0.55
3087.0 2.850 0.809 0.910 111
3.610 0.705 0.720 2.08
1.330 1.042 1.030 1.16
2.087 0.938 0.870 7.82
3855.6 2.850 0.833 0.820 1.59
3610 0.728 0.710 2.53

Table 50: Predicted and measured values of sunflower crop yield
under drip irrigation system.

Y =0.984 + 0.00063X, - 0.1204X, R=0.858
Volumes Water salinity Y predicted Y measured Residual
m’/fed/season | mmhos/cm kg/fed kg/fed percentage %
1.330 0.909 0.898 1.22
1361 2.087 0.818 0.720 13.6
2.850 0.727 0.680 6.90
3.610 0.635 0.660 3.79
1.330 0.938 1.060 11.5
2.087 0.847 0.880 3.75
1814.8 2.850 0.755 0.780 3.21
3.610 0.664 0.750 11.5
1.330 0.967 0.980 1.32
2768 2.087 0.875 0.780 12.17
2.850 0.784 0.760 3.15
3.610 0.692 0.666 3.90
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Table 51: Predicted and measured values of water use efficiency of
corn under flood irrigation system.

Y =3.065 + 0.00034X, - 0.191X, R=0.815
Volumes Water salinity Yopredicted Y measured Residual
m’/fed/season | mmhos/cm kg/fed kg/fed percentage %

1.330 2.11 2.21 4.52
2.087 1.96 2.07 5.31
2066.4 2.850 182 1.90 421
3.610 1.67 1.48 12.8
1.330 1.87 1.73 8.10
2.087 1.73 1.69 2.37
27552 2.850 158 162 347
3.610 1.44 1.42 1.40
1.330 1.64 1.62 1.23
2.087 1.50 1.48 1.35
3444 2.850 135 136 0.73
3.610 1.20 1.33 9.80

Table 52: Predicted and measured values of water use efficiency of
corn under drip irrigation system.

Y =5.904 +0.0013X; - 0.295X, R=0.976
Volumes Water salinity Yopredicted Y mmeasured Residual
m’/fed/season | mmhos/cm kg/fed kg/fed percentage %

1.330 3.93 3.90 0.77

2.087 3.70 3.62 2.21

1215.48 2.850 348 3.57 2.52

3.610 3.25 3.38 3.85

1.330 3.40 3.26 429

2.087 3.18 3.05 426

1621.2 2.850 2.95 2.90 1.72

3.610 2.73 2.71 0.74

1.330 2.87 3.02 4.97

2.087 2.65 2.81 5.69

2029.44 2.850 2.42 228 6.14

3.610 2.20 2.09 5.26
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Table 53: Predicted and measured values of water use efficiency of
sunflower under flood irrigation system.

Y = 0.6659 + 0.0000829X - 0.0497X, R=0.97
Volumes | Water salinity |  Ypredicted Y measured Residual
m’/fed/season | mmhos/cm kg/fed kg/fed percentage %
1.330 0.410 0.430 4.65
2.087 0.370 0.355 4.22
23142 2.850 0.330 0.320 3.12
3.610 0.295 0.286 3.15
1.330 0.344 0.370 7.03
2.087 0.306 0.286 6.99
3087.0 2.850 0.268 0.290 7.58
3.610 0.231 0.233 0.86
1.330 0.280 0.260 7.69
2.087 0.243 0.230 5.65
3835.6 2.850 0.205 0210 238
3.610 0.167 0.180 7.22

Table 54: Predicted and measured values of water use efficiency of
sunflower under drip irrigation system.

Y =1.047 +0.00023X; - 0.07X; R=0971
Volumes Water salinity Ypredicted Y mneasured Residual
m’/fed/season | mmhos/cm kg/fed kg/fed percentage %
1.330 0.640 0.670 448
2.087 0.588 0.580 1.38
1361.0 3.850 0.534 0.500 6.80
3.610 0.481 0.440 9.30
1.330 0.536 0.580 7.59
2.087 0.483 0.480 0.63
1814.8 2.850 0.430 0.430 0.00
3.610 0.377 0.410 8.05
1.330 0.432 0.430 0.46
2.087 0.380 0.340 11.7
2268.0 2.850 0.326 0.330 121
3.610 0.273 0.290 5.86
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Table 55: Regression equations which describe change of salt content in the soil for
corn and sunflower crops under flood and drip irrigation systems

Y = av’+ by +ct*+dt

Trrigation Crop a b c d R R?
system
Comn 4.44E0-7 | -0.0032 -0.409 3.930 0.935 0.87
Surface
Sunflower | 4.76E-07 | -0.0036 -0.529 4.510 0.960 0.920
Corn -1E-06 0.0017 -0.0534 | 0.804 0.930 0.860
Drip
Sunflower -1.9E-07 | -0.00038 | -0.254 1.860 0.940 0.880

Table56: Predicted and measured values of salt content change for corn and sunflower
under surface and drip irrigation systems

Water salinity, mmhos/cm

Crop | Iigation | Volumes, 1.330 2.087 2.850 3.610
system | m’/season
M P M P M P M P
2066.4 -0.55 | -0.21 | 1.22 | 1.70 3.80 3.16 | 488 |4.14
Surface 2755.2 -0.84 | -0.94 1078 { 097 | 0.70 243 |3.18]341
3444.0 -1.26 | -1.25 | 0.61 | 0.67 1.99 2.12 1250 3.10
corn
1215.5 1.68 1.56 1230 2.03 2.54 244 12961279
Drip 1621.2 1.27 1.10 1090 | 1.57 1.46 198 |2.07 233
2029.4 0.12 031 |091] 0.77 1.27 1.19 | 1.60 | 1.53
2314.2 -1.02 | -0.72 | 1.28 | 1.32 3.44 277 1441|361
Surface 2087.0 -1.20 | -1.51 1033} 0.53 1.00 1.98 [2.70 | 2.81
3855.6 -132 | -1.74 { 1.10} 0.30 1.67 1.75 1242|2358
Sunflower
1360.8 1.21 1.16 | 132 ] 1.90 233 237 12751255
Drip 1814.8 075 | 0.71 | 1.14| 1.46 1.42 192 1193]2.09
2268.0 0.19 | 0.19 [ 1.19] 0.94 1.36 140 [ 1.77 [ 1.57

M, measured value of salt content change
P, predicted value of salt content change
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Fig.30-a: Soil moisture content and distribution as affected by applied water volume under

drip irrigation at 3.61 mmhos/cm irrigation water salinity for corn
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Fig. 38: Effect of applied water volume and irrigation
water salinity on corn plant height after 50 day from
sowing under drip irrigation
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Fig. 39: Effect of applied water volume and irrigation
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flood irrigation
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Fig. 40: Effect of applied water volume and irrigation
water salinity on plant heigh of corn at harvesting under
drip irrigation
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Fig. 43: Effect of irrigation water salinity and applied water volume on stem
diameter of corn after 50 day from sowing under flood irrigation system
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Fig. 44: Effect of irrigation water salinity and applied water volume on stem
diameter of corn after 50 day frrrom planting under drip irrigation system
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Fig. 45: Effect of irrigation water salinity and applied water volume on stem
diameter of corn under flood irrigation system
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Fig. 46: Effect of irrigation water salinity and applied water volume on stem
’ diameter of comn under drip irrigation system
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Fig. 50: Effect of irrigation water salinity and applied water volume on leaf area
index of corn under drip irrigation system
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Fig. 53: Effect of applied water volume and irrigation
water salinity on sunflower plant height after 50 day from
sowing under flood irrigation
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Fig.54: Effect of applied water volume and irrigation water
salinity on sunflower plant height after 50 day from
sowing under drip irrigation
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Fig. 55: Effect of applied water volume and irrigation
water salinity on plant heigh of sunflower at harvesting
under flood irrigation

M 1.33 m mhos/cm E82.087 m mhos/cm
B2.85 m mhos/cm E33.61 m mhos/cm

350
300
250
200
150
100

50

Plant height, m

V1 V2 V3
Applied water volume, m3/season

Fig. 56: Effect of applied water volume and irrigation
water salinity on plant heigh of sunflower at harvesting
under drip irrigation
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Fig. 59: Effect of irrigation water salinity and applied water volume on stem
diameter of sunflower after 50 day from sowing under flood irrigation system
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Fig. 60: Effect of irrigation water salinity and applied water volume on stem
diameter of sunflower after 50 day frrrom planting under drip irrigation system
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Fig. 61: Effect of irrigation water salinity and applied water on stem diameter of

sunflower under flood irrigation system
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Fig. 62: Effect of irrigation water salinity and applied water volume on stem

diameter of sunflower under drip irrigation system
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Fig. 65: Effect of irrigation water salinity and applied water volume on leaf area
index of sunflower under flood irrigation system
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Fig. 66: Effect of irrigation water salinity and applied water volume on leaf area
index of sunflower under drip irrigation system
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