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DRIP IRRIGATION MANAGEMENT FOR WHEAT
PRODUCTION IN SANDY SOIL USING NUCLEAR
TECHNIQUE UNDER SALINITY CONDITIONS.

El-Tohory S. K.}, M. F. Kassab ', A. M. EI-Gindy * and
K. F. EL-Bagoury 2

ABSTRACT

A field experiment was conducted in the experimental farm of Soil and
Water Research Department, Nuclear Research Center, Atomic Energy
Authority. Soil mulching and drip irrigation system are strategies for
saving irrigation water. This trail was carried out during 2014/2015
winter season in Egypt to evaluate the effects of soil mulching and drip
irrigation system on combating salinity and in the same time improving
the yield and water-use efficiency by grown wheat crop (Triticum
aestivum L.) cv Masr 2 variety in sandy soil. Treatments of water salinity,
i.e. fresh water F (0.5 ds m™), S; (6 dSm™) and S, (8 dS m™) were applied
under mulching (rice straw) or non-mulching soil. Each treatment was
irrigated twice a week using a total amount of 440 mm during the
growing season. Volumetric water content was measured using the
neutron scattering technique to detect the soil wettability during the
growing season. In general, wheat yield for non-mulched treatment
irrigated by fresh water was (9.43Ardab.fad™) or 3366 Kg.ha™ higher
than the mulched one irrigated with fresh water (9.04Ardab.fad™) or
3227 Kg.ha™ and also, it was higher than both mulched and non-mulched
treatments irrigated with saline water of 6 and 8 dS.m™. Under saline
irrigation, the wheat yield and water use efficiency of mulched treatments
were higher than the non-mulched ones for both 6 and 8 dS.m™. In non-
mulched conditions, the treatment irrigated by 6 dS.m™ recorded a higher
production (6.75Ardab.fad™) or 2411 Kg.ha™ than the one irrigated by 8
dS.m™ (6.25 Ardab.fad™) or 2231 Kg.ha™ in the same sequence mulched
treatment irrigated by 6 dS.m™ recorded a higher production (8.22
Ardab.fad™) or 2936 Kg.ha™ than the mulched one irrigated by 8 dS.m™
(7.1 Ardab.fad™) or 2573 Kg.ha™.

1 Soil and Water Research Department, Nuclear Research Center, Atomic Energy Authority.
2 Agricultural Engineering Department, Faculty of Agriculture, Ain Shams University.
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The above results indicated that surface mulching could improve the
growth and yield of wheat especially under saline irrigation by reducing
soil evaporation which sustains soil wetness that enhances the wheat
ability to combat salinity stress.

Keywords: Mulching, Drip irrigation, salinity, wheat, Water use
efficiency, Neutron scattering

INTRODUCTION

owadays, the use of non-conventional water resources is

becoming a reality. The use of saline or sodic water in

agriculture increases the total volume of irrigation water in many
areas. Soil management is essential for preventing adverse impacts when
irrigating with saline sodic water.The success of saline water use in
irrigation requires the development of new scientific practices, new
guidelines for use that cope with the prevailing local conditions and new
strategies that facilitate its use on a relatively large scale (Hamdy, 2005).
In Egypt agriculture uses approximately 85 % of the fresh water
resources. In spite of water scarcity and the fact that Egypt’s share in the
Nile waters is predetermined, water-use efficiency is low, due to high
water losses (FAO, 2012). Direct evaporation from soil is often a major
loss of available water because it is not contributing to biomass
production. Reducing evaporation can help conserve soil moisture, save
irrigation water, and reduce salt accumulation in surface layer of the soil
(Yamanaka et al., 2004). There is usually no single method to achieve
safe use of saline water in irrigation. Many different approaches and
practices can be combined into satisfactory saline water irrigation
systems. Increasing irrigation water salinity increased salt concentration
and osmotic potential in the root zone. However, due to nature of drip
irrigation, frequent water applications maintained the soil water content in
the root zone in the first 50% of the available water thus reduced the
effect of osmotic potential on water uptake. Generally, profile salt
concentration increased with increasing salinity of irrigation water used.
Higher salt concentration in the top layer is due to high evaporation rate
from the wetted surface (Yazar et al., 2015). Wheat (Triticum aestivum
L.) is one of the most important crops worldwide. It is main crop in
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winter season for more than 7000 years in Egypt and considered to be a
strategic commaodity. It provides more than one-third of the daily caloric
intake, grains as food for human and straw as fodder for animals. The
cultivated fields with wheat supply only 40% of its annual domestic
demand of Egyptians. Therefore, the field production should be increased
to cover the demanded consumption (El-Shabrawi et al., 2015). In this
regard, Gaber (2000) explained that the highest values of water use
efficiency concerning wheat grains, straw and total yield (1.96, 3.22 and
5.18 kg/ms3, respectively ) were resulted in by adding 507.9 mm of
irrigation water per season to Giza 163 wheat variety. Aragués and
Teresa, (2014) said that soil mulching is a sensible strategy to reduce
evaporation, accelerate crop development, reduce erosion and assist in
weed control, but its efficiency for soil salinity control is not as well
documented.

The aim of the study:
e Studying the effect of saline water and mulching strategy on wheat
crop productivity under drip irrigation system in sandy soil

e Evaluating the effect of saline water and using organic mulching on
wheat yield, emission uniformity, water use efficiency, harvest index,
water content in the soil profile and soil salinity during the grown
season.

MATERIALS AND METHODS

Materials:

A field experiment was conducted in the experimental farm of Soil and
Water Research Department, Nuclear Research Center, Atomic Energy
Authority, Egypt. The site is situated at 30° 24" N, 31° 35" E, respectively,
while the altitude is 20 m above the sea level.

Physical and chemical analysis of soil:

Sandy soil samples were collected, before cultivation to determine some
of the physical and chemical characteristics of the experimental soil
(Tables 1 and 2); all soil chemical and physical characteristics were
carried out according to Carter and Gregoreish (2008).
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Table 1: Some physical properties of experimental soil.

. Particle size distribution % Bulk Total

Soil depth . Texture .
] density porosity
(cm) Sand Silt Clay 3 class 3 3

g/cm cm’ cm

15 95.47 1.60 2.93 1.60 Sand 0.39

30 94.40 4.00 1.60 1.55 Sand 0.41

50 97.07 0.80 2.13 1.54 Sand 0.42

70 97.07 0.53 2.40 1.59 Sand 0.40

90 97.33 0.27 2.40 1.53 Sand 0.42

Table 2: Some chemical characteristics of the experimental soil (initial condition).

Soluble anions . 1

Depth pH EC. 1 Soluble cations (meq )
(cm) (1:25) | @dSm™) [ {meg I ) B ” ” N R

ClI' | HCO; | SO, Ca Mg Na K
0-15 7.9 0.46 1.5 1.3 1.8 1.3 0.6 2 0.7
15-30 8.1 0.45 1.3 1.4 1.8 1.3 0.4 2.2 0.6
30-50 8.0 0.44 1.3 1.6 15 1.7 0.4 1.8 0.5
50-70 8.2 0.42 1.3 1.7 1.2 15 0.6 1.7 0.4
70-90 8.3 0.53 14 1.3 2.6 1.7 0.9 2.2 0.5

Meteorological data:

The meteorological data used according to Center Laboratory for
Agricultural Climate (CLAC) such Reference evapotranspiration (ETo),
the maximum and the minimum temperature and the maximum and the
minimum relative humidity. The applied weather data are presented in
Fig. (1).

Wheat crop:

Grains of wheat crop (Triticum astivum L.) variety Masr 2. were provided
by Wheat Department, Field Crops Research Institute, Agriculture
Research Center (ARC), Giza, Egypt. Seeds were sown on December 1,
2014 and mature plants were harvested on April 23, 2016, which
completing the growth duration period of 144 days. Whereas, obtaining
the crop coefficient value (Kc) of wheat (Table 3), and the active root
depth for spring wheat is 0.9 to 1.5m and spreads of 0.15- 0.25m, were obtained
from the publication data of FAO (Doorenbos and Kassam, 1979).
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Development stage
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1/12/2014
20/12/2014
20
0.40

Venturi injector was used for injecting chemical fertilizers.
crop according to FAO Irrigation and Drainage Paper N0.33

Stage
Date from
To
Stage length (d)

Figure (1): The meteorological data according to Center Laboratory for
Table 3: The crop parameters for average demand conditions for wheat
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the rate of 286 kg N ha™ in the form of urea, 71.5 kg P,Os ha™ and 57 kg

Egypt. The soil surface was leveled and mineral fertilizers were applied at
K,0O ha'l.

Recommended doses of NPK fertilizers were applied according to the
recommendations of the Ministry of Agriculture and Land Reclamation,
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Water source

Treatments of water salinity, i.e. fresh water F (0.5 ds m™), S; (6 dSm™)
and S, (8 dS m™) were applied under mulching (rice straw) or non-
mulching soil. The saline irrigation water was prepared by mixing fresh
water with natural salt collected from (salt pans) to reach the desired
concentration 6 and 8 dS.m™ as shown in Fig. (2). Electrical conductivity
of water and soil (in a saturated paste extract) was measured using EC
meter. Irrigation with saline water started at the end of seedling
establishment stage where seedling thinning took place to assure high
germination percentage and healthy seedlings (Dayyoub et al., 2007).
Plants were irrigated twice a week.

ﬂaﬂ“al valve

_—
\——_7

Direction of irrigation

with saline water
Pump

Main line © 50mm

Direction to full tanks

Fig. (2): Mechanical design to mix natural salt with fresh water.
Irrigation system:
Drip irrigation system was used to irrigate wheat plants the system
consists of the following components as shown in Fig. (3):-
o PVC pipes 50mm diameter of main and sub main lines 6 bar pressure.
e Lateral tubes 16mm diameter of polyethylene (PE) were putted at
spacing of 30cm.
e Built- in drip line emitter at 30cm spacing with manufacturing
discharge of 4 L hr.,
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e The pump was 220-240 volt, 4.33 Ampere and 0.°°KW power,
3100l/hr and ¥.1 bar.

e Plastic tanks of 2000 liter capacity used to apply the needed amount
of saline irrigation water.

e PVC Ball valves to control the amounts of irrigation water.

e Commercial pressure gage range up 0 to10 bar.

e Water meters were used to measure the volume of water used (liter or
cubic meter).

e Venturi injector was used for injecting chemicals fertilizers.

e Neutron access tubes were installed to 100 cm depth in the middle of
each treatment for three replicates.

E E) Tanks Source of water
@ Main line @ 50

e

I Venturi injector
Manual valve Sub main line @ 50
The pump

Water
meter

Sm

PE line
16 mm

B [
| 19m

hV

Fig. 3: Layout of the experimental drip irrigation design
2-2 Methods:
2-2-1 Crop evapotranspiration (ETc):
Crop evapotranspiration (ETc) [mm day™] is calculated by multiplying
the reference crop evapotranspiration, daily (ETo) [mm day™] (according
to center laboratory for agriculture climate), by a crop coefficient, Kc
(Allen et al., 2006).

ETc=KC*ETo ........ 1)
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2-2-2 Emission uniformity (EU) of the drip irrigation system:

The drip irrigation system (DIS) was evaluated in terms of emission uniformity
(EU), which is determined by measuring the volume of water discharged by
every emitter during a definite time, and calculated using the following equation
(Keller and Karmeli, 1974):

EU :&*100 .......... (2

Where: (EU: Emission uniformity (%), Q, : Mean of the lowest quarter
of discharge of the selected emitters (I hr') and Q.: Mean of the total
discharge emitters rate (I hr?)) .The EU value for drip irrigation system is
good (89.6%) according to (Merriam and Keller 1978).
2-2-3 Water use efficiency (WUE):

Water use efficiency (WUE) was calculated using the following
equation according to Kang et al., (2002).

_ Gy
WUE= Tp e (3)

Where, WUE: Water use efficiency (kg.m™), Gy: Grain yield (kg.ha ™)
and ET is the total evapotranspiration (m®.ha™)

2-2-4 Harvest index (HI):

Harvest index was calculated by using the following formula after (Ali et

al., 2010 and Kang et al., 2002):
HI = Grainyield (tha™1)
" 7 Biological yield (tha—1)

2-2-5 Field calibration of neutron moisture meter (NMM):

Neuron calibration curves at different soil depths were determined for the
soil using neutron moisture meter CPN, 50mCi. (503 DR hydro probe)
Americium -241Beryllium source according to IAEA (2008). The
neutron probe was calibrated based on the procedure given in the
user manual (Model 503DR CPN Hydro probe) Shenkut et al., (2013).
Two plots with mulching and without mulching (1x1m) for each were
selected randomly on an experimental field that had been under access
tube was installed on each plot and installed at the depth of 105 cm.
Irrigation water was added on the plots until saturated at depth. NMM
count rates were measured at depths of 30, 50, 70 and 90 cm; also, in the
same time soil samples were taken from two plots and measured by
drying samples at 105 °C for 24 hours. Wet and dry points were
established to obtain a wide range of moisture contents and to make
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it possible for the probe to read these ranges, Probe readings in the tube
in count ratio or rat unit and volume sampler in the probe reading in
count ratio (rat) versus the volume sample data was plotted and
entered into an Excel spread sheet, and atrend line created with its
slope and intercept, and displayed its R?value. The coefficients of
the linear equation (a and b) obtained from the fitted curves were used to
convert the neutron probe readings to soil moisture readings
(Shenkut et al., 2013). Then the volumetric moisture content (VMC) was
measured at (30, 50, 70 and 90 cm) in each plot before and after irrigation
events. The moisture content of the surface layer (15 cm depth) was
measured by drying samples at 105 °C for 24 hours. Figs. (4&5) show
that the regression equations of neutron calibration curves at different soil
depths for the mulched and non-mulched treatments which performed in
order to detect the soil moisture content. Measurements did not show
difference between both calibrations, so both calibrations were valid.

linear graph 30cm y =13.761x - 1.3579 linear graph 50cm y = 14.066x - 1.917
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Fig. (4): Regression equations of neutron calibration curves at different soil depths of the
non- mulched treatments under study.
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Fig. (5): Regression equations of neutron calibration curves at different soil
depths of the mulched treatments under study.

Experimental design:

The experiment design was Two Factor Randomized Complete Block
Design with three replicates consist of two variable factors: mulching by
rice straw and without mulching and water salinity levels fresh water F
(0.5dSm™), S1 (6 dSm™)and S, (8 dS m™).
e The main plot treatments were the irrigation water quality and subplot
treatments were mulched (FC, S1C, S2C) and non-mulched (FUN,

S1UN, S2UN) treatments.

e Each treatment consisted of three replicates were irrigated by fresh
water (F), saline water of (S1) 6 dS.m™ and (S2) 8 dS.m™.
e Mulching with rice straw was used at rate of 4 t ha™ according to

Sarwar et al., (2013).

e Treatments were arranged and distributed in 18 plots. Each plot area
was 7.5 m? (1.5 * 5 m?) with 5 drip laterals and spacing between

30cm as shown in Fig. (6).
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Source of water I

s2C2 S2UN1 s1c2 S1UN1 FC3 FUN2

s2c¢3 S2UN3 S1C1 S1IUN3 FC1 FUN3

52€1 S2UN2 s1c3 SIUN2 FC2 FUN1
FUN: Fresh water without mulching FC: Fresh water with mulching

S1UN: Saline water with 6 dsm™, without mulching.  S1C: Saline water with 6 dsm™, with mulching.

S2UN: Saline water with 8 dsm™, without mulching.  S2C: Saline water with 8 dsm™, with mulching.

Fig. (6) Schematic diagram of field design.

RESULTS AND DISCUSSION
Water requirements of wheat crop:
According to equation number (2), the crop evapotranspiration of wheat in this
study was 394.31 mm per season and added water using by emission uniformity
(89.6%) is 440mm per season. Wheat crop take 144 day to finished growth
season cycle as shown in Fig. (7).

Intial Mid stage 45 day Late stage 30 day
& stage
-g 21 da( Development Stage“day ETc/stage ETc/stage= 92.33mm
© =197.34 |
6
-
% - 9.68 mm ETc/stage= 94.96 mm A
cC ®©
c T4 \
53 W/
[*]
2 €, W"A'AA JaNN 4Va
Q '\_ ‘
Q
o 0
o LU I U T T o B B Vo I T U B Vo T B o O T Vo B TR U T I o B I (o B I o S T Ve )
HH N NOOMO T NN OORNNOWOWONONDNDOO A NNMM
o = o o o o

plant age (day)

Fig. (7): Crop evapotranspiration data estimated according to center
laboratory for agriculture climate (CLAC).
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Evaluation of emission uniformity (EU) of drip irrigation system as affected
by salt accumulation after harvesting:

The EU of drip irrigation system was 89.6% at the beginning of the
experimental work. Here after in Fig. (8). EU was calculated at the end of
growing season to illustrate the effect of salt accumulation. Results show
that as salinity increase the final EU decreases due to salt clogging.

90 — —
88 — \\
N y =-0.5845x + 81.759
S 86 R2=0.99 Emission Uniformity before
w
= g4 growing season (89.6%)
€ 81.4
Qo 82
Tl
c 80 78.5
g 8 \ 76.9
£ e
76
74 T T T T T T T T 1
0 1 i 3 4 5 6 7 8 9
water salinity (dS.m1)

Fig. (8): Emission uniformity as affected by salt accumulation at the end
of growing season of wheat crop.

Effect of mulching and salinity on wheat yield:

Wheat grain yield under fresh water treatments recorded (3366.5 and
3227.2 kg ha*) for non-mulching and mulching respectively. Under saline
water (6 dS.m™) treatments, wheat grain yield recorded (2411.6 and
2936.4 kg ha™) while under saline water (8 dS.m™) treatments wheat
grain yield recorded (2231.9 and 2573.1 kg ha™) as shown in Fig. (9).
these results confirmed the effectiveness of mulching technique
improving wheat yield. Thus, waters can be used successfully to grow
crops under certain conditions (Dordipou et al., 2004). Using sea water
and rice straw mulch, Zhang et al., (2008) showed that use of mulches
significantly reduced ET of Swiss chard and also effectively reduced salt
accumulation under high saline irrigation. High diluted sea water
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irrigation could be used under mulch condition without serious salinity-
damage caused by salinity stress to Swiss chard.

,\4000N°n-mUIChEdV='156'08X+3424'7 4000 Mulched | - 79 906x + 3298.2
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~ T T T T T T T T 1 2
>_ O >_ 0 T T T T T T T T 1
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Water salinity (dS.m-1) Water salinity (dS.m-1)
Non-mulch H Mulch
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)
S
é = 3000 +——
S, 2000 -
=3
2 1000 +—
>_
O .

F(0.5)dS/m

S1(6) dS/m

S2(8) dS/m

Fig. (9): Effect of Mulching and salinity treatments on wheat yield per hectare

Mansour et al.,

(2015) found that wheat productivity of variety Misr 2 under

sprinkler irrigation system in sandy soil in Egypt was 1179.85, 1342.75 and
1379.30 kg ha™. Also, results almost agree with (Mojid et al., 2013) who
used artificial saline water of electrical conductivity (EC) 0.385,7 and 10
dS m™ and found wheat grain yield (3.85 t ha *, 3.683 t ha * and 3.257 t
ha %) respectively.
Water use efficiency and harvest index:
WUE and HI were calculated by using equations number (3&4). WUE
ranged from 0.57 to 0.85 kg m™ under the irrigated treatments (Table 4).
The highest WUE values were recorded with fresh water without
mulching treatment and the lowest value was recorded with saline water
(8 dS. m™) without mulching. WUE in mulching and saline treatment was
more pronounced than the non-mulching. The harvest index obtained in
this study (0.28-0.47) under irrigated conditions. The harvest index in
case in non-mulching treatments was much better than in mulching
treatments.
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Table 4: Total evapotranspiration (ET), grain yield, harvest index
and water use efficiency (WUE) of winter wheat plants.

Treatments Biomass Grain Yield Harvest WUE
(kg.ha™) (kg.ha™) index (kg.m®)
FUN 9762 3367 0.35 0.85
FC 11456 3227 0.28 0.82
S;UN 5325 2412 0.45 0.61
S,C 8122 2936 0.v1 0.Y5
S,UN 4775 2232 0.47 0.57
S,C 6122 2573 0.¢Y 0.15

In this respect, Kang et al., (2002) demonstrated that WUE was ranged
from 0.77 t01.46 kg.m® under the irrigated treatments and harvest index
from 0.25-0.45. A good yield of spring wheat under irrigation was 4 to 6
ton /ha and the water utilization for wheat grain yield about 0.8 to 1 kg.m?
(Doorenbos and Kassam, 1979).

Effect of mulching and salinity on growth parameters:

1-Plant height of wheat crop:

Results show that mulching can enhance plant height in all growth stage
(initial, development and mid stage) of wheat crop under fresh water and
saline water conditions, as shown in Figs. (10, 11 and 12). These results
are compatible with the results obtained from soil wettability Figs. (13.1,
13.2 and 13.3) for mulched treatments (FC, S;C, S,C).

- 30
c—% —~ 20 16.7
Q&E; 20 13.2 12.5 11.1

2" B I B
s c

E O -1 T T

- FUN FC S1UN S2UN S2C

Fig. 10: Effect of mulching on plant height of wheat crop in initial stage.
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SE 30 248 23:9
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Fig. 11: Effect of mulching on plant height of wheat crop in development stage.
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Fig. 12: Effect of mulching on plant height of wheat crop in mid stage.

Evaluation of soil salinity during the growing season:

Salt accumulation around wheat season in sandy soil after (24, 71, 114
and 143 day) after sowing by using mean of summation of salt
accumulation in soil layers (15, 30, 50, 70 and 90 cm) to show the saline
stress that plant combat around growth season . Fig. (13) illustrated that
mulching reduce the effect of water salinity S; and S, in mid and late
stages of wheat.
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Fig. (13): Effect of mulching on soil salinity.

Effect of mulching on soil water content within the soil profile in all
treatments on mid stage:

The measurements taken by (NMM) allowed deducing the soil wettability
in addition; one can distinguish between both mulched and mulching
treatments. Soil moisture contents were determined after irrigation
and the before next irrigation, Calculating soil moisture depletion,
this is due to surface evaporation and transpiration of wheat plant. For
instant, under fresh water treatment, results indicated that soil sustains
high moisture content in those plots with rice straw mulching in
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comparison to those plots without mulching. This trend was noted for all
treatments covered with rice straw, which reflect the role of mulching in
keeping soil moisture for long time which helps wheat crop to cape with

stresses. As shown in Figs. (14.1, 14.2 and 14.3).
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Fig. (14): Soil water distribution within the soil profile in mid stage of
wheat crop under mulching and non-mulching conditions.
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CONCLUSION

In the present study, principal effects of rice straw mulch were to reduce
soil evaporation and soil sustains high moisture content with rice straw
mulching in comparison to without mulching, mulching increase the
wheat ability to combat salinity stress and tend to improve wheat growth
and yield under saline irrigation and reduce in overall salts accumulation,
also, under saline irrigation mulching has a positive effect on water use
efficiency. The highest WUE values were recorded with fresh water
without mulching and the lowest value was recorded with saline irrigation
water (8 dS. m™) without mulching. Mulch strategy was recommended
for higher wheat production based on most of growth parameters and also
for being organic in nature.
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