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Abstract

Today, the use of subsurface drip irrigation systems for row crops such as wheat
is increasing due to its higher productivity than other irrigation methods. The
purpose of this study was to investigate the effect of irrigation water depth and
displacement depths of subsurface drip irrigation lateral on winter wheat yield
and water use efficiency in Sanandaj city. For this purpose, wheat crop (Pishgam
cultivar) was cultivated in the fall of 2017 and an experiment was implemented
in the form of split plot design based on a completely randomized block design
in Sanandaj County. The main and sub plots of the present study included four
levels of irrigation water (60, 80, 100, 120% of water requirement) and four
lateral irrigation displacement depths (30, 40, and 50 cm) in three replications,
respectively. The results showed that, the subsurface drip irrigation system had
higher water productivity compared to the surface drip irrigation system. The
results also showed that highest irrigation water use efficiency in treatment with
lateral displacement depth of 40 cm and irrigation water depth equal 80% water
requirement obtained.
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Introduction

Ever-decreasing quantity and quality of water
resources and increasing population have made
the water supply and consumption for various
uses a very important issue in semi-arid regions.
The agricultural sector, as the major consumer of
water, is competing with the growing demand of
the industrial and urban sectors. Therefore,
proper on-farm  water management for
optimization of irrigation water consumption is
an inevitable necessity in the agricultural sector.
Utilization of modern irrigation systems and
application of the best management practices
such as deficit irrigation are the main approach in
improving the water productivity and water use
efficiency. Winter wheat (Triticum aestivum L)
cultivation is vital in terms of food security,
improvement of rural livelihoods and reducing
rural-to-urban  migration. The area under
irrigated and rainfed wheat cultivation in
Kurdistan province is almost 560,000 ha, ranked
second in Iran. Nowadays, the tendency to use
drip irrigation systems for row crops such as
wheat is very high due to the low efficiency of
other irrigation methods. Subsurface drip
irrigation system is a new and very efficient
method of drip irrigation system in which Trickle
tubes with in line emitter pipes are buried at a
suitable depth beneath the soil surface. This
system has a high potential to achieve higher
water use efficiency due to direct delivery of
water to the crop root zone and reduced
evaporation from the soil surface. Determining
the suitable displacement depth of irrigation
laterals and the appropriate spacing of dripper on
the lateral is an inevitable necessity for efficient
design and management of this system.
Considering the recent droughts and the
importance of wheat cultivation as the strategic
and dominant crops in Kurdistan province, the
main objective of this study was to investigate
the effect of different amounts of irrigation water
on yield and water productivity of wheat under
subsurface drip irrigation systems with different
displacement depths of irrigation laterals in
Sanandaj county.

Materials and Methods

This research was conducted in 2017-2018 at the
Agricultural Research Station of Greyzeh (locate
at Sanandaj City) affiliated to the Agricultural
and Natural Resources Research Center of
Kurdistan Province. According to Demarton
classification, the area has a semi-arid climate. In
this study, before sowing wheat seeds, soil
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samples were taken from different depths of the
field and analyzed for their physical and
chemical properties. In this study Winter wheat
(Pishgam cultivar) with a density of 400 plants
per square meter and planting depth of 5to 7 cm
were sown. The experiment was conducted as
split plot in a completely randomized block
design. The main and sub plots of the present
study included four levels of irrigation water (60,
80, 100, 120 of water requirement percentage)
and four irrigation lateral displacement depths (0,
30, 40, and 50 cm) in three replications. the
dimensions of subplots were considered equal to
2x5 meter. To eliminate the marginal effects, the
distance between the sub and main plots was
selected to be 1.5 and 2 meters, respectively. In
the present study, surface and subsurface drip
irrigation system was used for irrigation. Before
planting wheat, Trickle tubes with in line emitter
were installed in all subplots according to the
experimental design map. Trickle tubes with in
line emitter with anti-suction mechanism,
pressure regulator, with operating pressure range
of 0.5 to 3.5 bar, flow rate of 1.6 lit per hour and
trickle spacing equal to 60 cm used. The
irrigation interval was considered equal to 7
days. Soil moisture balance method was used to
determine the depth of irrigation water.
Fertilization was applied based on soil test
analysis and applied in all subplots. In this
research, nitrogen fertilizer was dissolved in
water and injected into the system through a
manifold tube using fertilizer tank in each
subplot. At the end of the growing season, yield,
yield components and morphological traits of the
crop were measured.
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Fig. 1 Results of mean comparison related to the
effect of irrigation levels on the harvest index
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Results

Fig. (1) shows that the harvest index in 12 low
irrigation treatment (equal to 80% of water
requirement) and full irrigation treatment (equal
to 100% of water requirement) was not
significantly different. Also, the lowest value of
this index was obtained in the treatment with
60% water requirement. The results of variance
analysis related to the effect of the treatments on
wheat grain yield, water productivity, irrigation
water use efficiency and harvest index are shown
in Table 1. It shows that the effect of irrigation

water depth and the lateral displacement depth
and their interaction on Grain yield and water
productivity are statistically significant at the
probability level of 1%. However, the effect of
lateral displacement depth and interaction effects
of treatments on harvest index was not
significant. But the effect of irrigation water
depths on harvest index was statistically
significant at the probability level of 1%.

Table 1 Analysis of variance related to the effect of the treatments on wheat yield, water productivity,

irrigation water use efficiency and harvest index

Source of variation DF Means of Squares
Grain Water| Irrigation Water Harvest
yield  productivity Use Efficiency Index
Repetition 2 0.01 0.0002 0.003 0.00008
Irrigation Water Depth (A) 3 21.40* 0.610* 48.6* 0.009*
Error (A) 3 0.080 0.009 0.02 0.0002
Depth of lateral displacement(B) 6 4.6* 0.740* 1.05* 0.0002ns
Interactions(AxB) 9 1.4* 0.060* 0.28* 0.00004ns
Error (B) 24 0.24 0.010 161 0.0015
CcVv - 5.80 5.600 6.1 3.86
“Significant at the probability level of 1% Natu_ral Resources Research_Center of Kurdistan
province for the cordially support for

Conclusions

Studies, data and observations showed that the
subsurface drip irrigation system with lateral
displacement depth of 40 cm has the highest
water productivity for wheat fields in Sanandaj
county. The results also showed that the yield
and water productivity of winter wheat crop
under subsurface drip irrigation system is higher
than surface drip irrigation system.
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Tablel Some properties of the soil
Soil depth (mm) 0-30 30-60
Soil texture Clay clay loam
sand (%) 195 25.5
Silt (%) 34.5 36.7
Physical Properties Clay (%) 46 37.8
(%)0, 45 42.6
FC (%) 34 33
(grlcm)p,, 1.2 1.39
(cm/day)K, 16 23
EC (ds/m) 0.7 0.81
PH 7.75 7.78
. . (ppm)Ky, 296 285
chemical properties (Dpm)P,. 8 10
Organic carbon (%) 1.18 1.25
Lime (%) 1 1.2
Gl ol S clasie (S0 Y Jgaz
Table 2 Some quality properties of irrigation water
Cations(meq/lit) Anions (meg/lit)
Class  EC(dsm) pH TDS SARgq Na Ca Mg  SO4 Cl C3° HCO3
Cc2s1 0.41 73 31414 0895 063 32 15 0.08 0.7 0 4.35
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Table 3 The effective irrigation water and consumed water depth at the end of the wheat growing season

Irrigation water  Deep Percolation  Effective irrigation Effective Water consumed
Treatment .

(mm) (%) water (mm) rainfall (mm) (mm)
11D, 183 0 183 274 457
11D, 183 19 158 274 432
11D3 183 30 144 274 418
11D, 183 55 112 274 386
1,D1 227 0 227 274 501
1.D, 227 24 185 274 559
1,D3 227 34 168 274 442
1,D. 227 54 134 274 408
13D1 270 0 270 274 544
13D- 270 17 233 274 507
15D 270 39 186 274 460
13Ds4 270 56 149 274 423
1,D1 313 0 313 274 587
1.D, 313 24 251 274 457
1,D3 313 40 209 274 432
14D, 313 58 163 274 418
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Table 4 Analysis of variance related to the effect of the treatments on wheat yield, water productivity, irrigation
water use efficiency and harvest index

Means of squares

Irrigation Water]
Harvest Index Water Use L Grain Yield DF Source of Variation
L Productivity
Efficiency
0.00008 0.003 0.0002 0.01 2 Repetition
Irrigation water
** * * *
0.009 48.6 0.61 21.4 3 depth (A)
0.0002 0.02 0.009 0.08 3 Error (A)
Depth of lateral
* * *
0.0002ns 1.05 0.74 4.6 6 Displacement (B)
0.00004ns 0.28* 0.06* 1.4% 9 Interactions (AxB)
0.0015 1.61 0.01 0.24 24 Error (B)
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Fig. 5 Results of mean comparison related to the interaction of treatments on the wheat grain yield
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