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Design and Field Experiment on Fertilizer Injection Device in
Center Pivot Irrigation System

Yan Haijun Ma Jing Wang Zhipeng
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; As the center pivot irrigation system requires high fertigation uniformity, a kind of proportional
fertilizing device was adopted in order to make the injection flux of fertilizer solution stable. A fertilizer
injection device with plunger pump was designed. Based on the orifice size and installation location of
injection check valve, and power frequency of plunger pump, field experiments on a center pivot
irrigation system with fertilizer injection device were carried out to evaluate fertigation uniformity. The
results indicated that when the center pivot irrigation system stopped and the plunger pump worked with
power frequency of 50 Hz, the Christiansen uniformity coefficient C, and variation coefficient C, of
fertigation ranged from 99.00% to 99.65% and from 0.46% to 1.37% respectively under the
combination of three orifice diameters and three installation locations. The maximum C,, could be obtained
by using the injection check valve with the orifice diameter of 2.5 mm and the installation positioned at
the horizontal inlet pipe. And when the center pivot irrigation system ran, the Heermann — Hein
uniformity coefficient of fertigation C;, with single line catch-cans ranged from 88.77% to 90.66% ,
which indicated that the center pivot irrigation system can obtain high fertigation uniformity with the
fertilizer injection device. In addition, the fertigation uniformity was compared with plunger pump
working at power frequency and non-power frequency of 46 Hz. It was found that the average electrical
conductivity of fertilizer solution had a significant positive correlation with the power frequency. Thus,

changing the power frequency of plunger pump can provide an effective way to achieve high uniformity of
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variable rate fertigation for the center pivot irrigation system.
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Fig.1  Schematic diagram of fertilizer injection device
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Fig.2 Picture of fertilizer injection device
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Fig.3 Schematic installation diagram of injection check valve
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Fig.4 Installation location diagram of injection check valve
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Tab.1 Test design for fertigation uniformity of

center pivot irrigation system
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Fig.5 Schematic diagram of catch-cans layout for
fertigation uniformity test of center pivot irrigation system
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Fig.6  Variation of electrical conductivity from each
sprinkler under plunger pump with supply frequency of
50 Hz, orifice diameter of 2. 5 mm at different

locations when center pivot irrigation system is stopping
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Tab.2 Statistical results of electrical conductivity at different locations under plunger pump with supply

frequency of 50 Hz when center pivot irrigation system is stopping

Lo E¢/(uS-em™") Cy/% Cy/%

HAZ/mm g 1 frE 2 i 3 JER Sl (E] i 1 fr'E 2 &3 g 1 fiE 2 I8 3
1.5 2220 2219 2190 99. 44 99. 00 99. 09 1. 06 1.37 1.22
2.5 2109 2151 2122 2231 99. 65 99. 05 99. 03 0.46 1.25 1.32
3.5 2340 2365 2359 99.51 99.23 99.33 0.65 1.31 0.88
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Fig.7 Variation of electrical conductivity from each
sprinkler under plunger pump with supply frequency of
46 Hz and orifice diameter of 2. 5 mm at different locations

when center pivot irrigation system is stopping

x3 BERBEENELERSERRARRRNENSTRBESESTER

Tab.3 Statistical results of electrical conductivity under plunger pump with different power frequencies

when center pivot irrigation system is stopping

R E¢/(pS+em™") Cy/% Cy/%
Hz P 1 P2 fiE3 B Rl P 2 3 fE 1 hA) i3
46 2054 2079 2057 2 064 99. 40 99. 47 99. 51 0.82 0.67 0.61
50 2109 2151 2122 2127 99. 65 99. 05 99. 03 0. 46 1.25 1.32
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Fig. 8 Distributions of fertilizer per area and fertilizer

solution mass along the main water pipeline
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Tab.4 Fertigation uniformity coefficient of line A
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