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The Effect of Different Levels of Water Stress in Two Surface and Subsurface

Drip Irrigation Systems on Yield and Water Productivity of Maize
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Abstract

Modern irrigation systems are one of the most important factors affecting crop production, water consumption and productivity, but the
performance of these systems requires careful consideration. For this purpose, a study on the effect of surface and subsurface drip irrigation
systems with different levels of deficit irrigation on yield, yield components, and water productivity in SC 704 maize, a factorial split design
based on randomized complete block design was conducted in the field of Deputy of Soil and Water, Ministry of Agriculture (Karaj) in
summer of 2018. The treatments were included %100, %75 and %50 of water requirement in each type of surface and subsurface drip
irrigation. A total of 54 irrigation drips were tested. Based on the results, the interaction of stress and irrigation method for plant length was
non-significant, and dry plant weight and harvest index were significant at 1% probability level and other traits at 5% probability level. The
results also showed that the highest grain yield 22.33 ton/ha and 22.31 ton/ha, were obtained from DI=%100 IR and SDI=%100 IR
treatments, respectively, which were not significantly different between these treatments. The lowest grain yield was obtained from DI=%50
IR treatment which had a 33% decrease in yield compared to non-stress treatment in surface drip irrigation. The SDI=%50 IR treatment had
the highest irrigation water productivity (2.75 kg/m3) among the other treatments. The water productivity of this treatment increased by
%53.6 compared to the non-stress treatment in subsurface irrigation.

Keywords: Deficit irrigation, Water stress, Water use efficiency, Water-water productivity relationship.
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Table 1. Determination of important physical and chemical properties of soil

Parameter Unit Depth 0-30 cm Depth 30-60 cm Appropriate limit
Salinity dS/m 5.23 4.09 <2
pH - 7.56 7.59 6-7
Lime % 13 11.3 <5
Organic carbon % 1.03 0.6 >2
Total nitrogen % 0.1 0.05 >0.2
Available phosphorus ma/kg 6.7 34 15-20
Potassium available ma/kg 654 332 300-400
Clay % 18 26 15-25
Silt % 27 19 20-30
Sand % 55 55 40-50
Soil texture - Sandy loam Sandy clay loam Loam
Saturation percentage % 34 42 40
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Figure 1. Schematic of the experimental design and placement of treatments and its replicates in subsurface irrigation
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Table 2. Specifications of the irrigation system used

Surface Subsurface Dripper Drip Dripper
tape drip tape drip distance  diameter discharge
thickness thickness rate

150 micron 700 micron 20 cm 16 mm 1.6 lit/hr
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Table 3. Results of analysis of variance of yield components evaluated under moisture stress and irrigation method

Mean of squared

Sources of variation Degrees of Plant Plant Number of Dry plant Seeds in Weight of one
freedom : ! .
weight length leaves weight maize thousand seeds
Repeat 2 917.72™ 19.43"™ 0.057" 52.54" 238.53"™ 33.20™
Stress 2 27375.35"  1733.67" 268" 1347.44"  27353.33" 796.43"
Irrigation method 2 36946.68™  2720.76™ 11.05” 2149.49™ 4970.04™ 725.04™
Irrigation method x Stress 2 4938.12" 98.81"™ 3.23" 194,55 13629.03" 546.13"
Experiment error 10 557.21 57.97 0.217 30.61 179.68 11.75

** * ns: Significant different at 1% and 5% probability levels and non-significant difference, respectively.

Table 4. Results of analysis of variance of yield, water productivity and harvest index evaluated under moisture stress
and irrigation method

Mean of squared

Sources of variation Degrees of freedom

Biomass yield Grain yield Water productivity Harvest index
Repeat 2 2.83" 0.012" 0.0001™ 5.86™
Stress 2 84.51" 58.54™ 0.94™ 60.32"
Irrigation method 2 114.05™ 0.029" 0.011" 286.40"
Irrigation method x Stress 2 15.25" 7.56™ 0.137" 32.70"
Experiment error 10 1.72 0.241 0.002 6.33
** * ns: Significant different at 1% and 5% probability levels and non-significant difference, respectively.
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Table 5. Comparison of average effects of irrigation method (surface and subsurface drip) on maize yield components

Number of

Dry plant Seeds in Weight of one thousand

Treatment Plant weight (gr) leaves weight (gr) maize seeds (gr)
DI = %50 IR 476.13¢ 9.97¢ 108.07¢ 445 43¢ 238.80°
DI = %75 IR 567.83° 10.43¢ 128.55° 615.73> 235.75°
DI = %100 IR 665.03° 12.43%* 148.50° 660.80° 241.43°
SDI = %50 IR 631.03° 13° 142.88° 588.73¢ 209.40°
SDI = %75 IR 640.17° 12° 145.85° 594.07% 218.97°
SDI = %100 IR 709.63° 12.53* 161.95% 638 249.53?

The mean of each column having one letter in common is not significantly different at the 5% probability level, according to Duncan test.

Table 6. Comparison of the average effects of irrigation method (surface and subsurface drip) on yield, productivity
and harvest index

Treatment Biomass yield (t/ha) Grain yield (t/ha) Water productivity (kg/m®) Harvest index (%)
DI = %50 IR 26.45¢ 14.89° 2.38° 56.32°
DI = %75 IR 31.55° 20.32° 2.16° 64.42°
DI = %100 IR 36.95° 22.33° 1.78° 60.47%
SDI = %50 IR 35.06° 17.26¢ 2.75° 49.23°
SDI = %75 IR 35.57° 18.20° 1.94¢ 51.39°
SDI = %100 IR 39.42° 22.31° 1.79° 56.66°

The mean of each column having one letter in common is not significantly different at the 5% probability level, according to Duncan test.
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Figure 2. Water-Water productivity regression relationships
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Figure 3. Water-Grain yield regression relationships
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