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Effects of Water-fertilizer Coupling on Alfalfa Yield
under Center Pivot Irrigation System
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(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China
2. Chinese Academy of Agricultural Mechanization Sciences, Beijing 100083, China
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Abstract; A test on water application uniformity of center pivot system and field experiment of water-
fertilizer coupling on alfalfa were conducted at Saiwusu, Inner Mongolia, to evaluate the effect of water
and fertilizer coupling on hay yield by center pivot system. The results show that annual water
requirement is 469. 4 mm for alfalfa of fifth years and three harvests every year. Yield and crop water use
efficiency decreased by crop, while water consumption increased. No significant differences existed in
alfalfa yield between 100% ET, and 80% ET, irrigation level, but 60% ET, level caused an obvious
reduction. It can obtain the best combination of yield and crop water use efficiency when using 80% ET,
irrigation level for each harvest. Alfalfa applied with 90 kg/hm® phosphate-potassium compound fertilizer
for the first crop and 70 kg/hm® urea fertilizer for the second crop has the highest partial factor
productivity ( PFP). Neither fertilizer application nor water-fertilizer coupling has no significant effect on
alfalfa yield in the whole growing season. The actual irrigation amounts applied by the end gun are one third
larger than that in the other circular area of the system, while the hay yield has no corresponding increase. In
order to reduce waste of irrigation water, the end gun should be selected properly in center pivot irrigation
system.
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Fig. 1  Schematic diagraph of experimental apparatus of water application uniformity of center pivot system
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Tab.1 Experiment treatments of water and fertilizer

coupling on alfalfa
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Fig.2 Center pivot system and experimental plot
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Tab.2 Growth stage of alfalfa in each crop season

during experiment
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Fig.3 Cumulative ET, in each irrigation cycle
and effective rainfall during experiment
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Tab.3 Irrigation amount and time of alfalfa under

different water treatments during experiment

R T . S LR
i 7 mm Wl W2 W3
1 0.40 24.0 24.0 24.0 24.0 414 H
2 0.62 288 21.8 16.0 10.3 4 H26H
w1 3 1.05 33.2 33.2 26.5 199 57 10H
4 1.27 38.6 38.6 30.9 23.2 5J120H
it 124.6 117.6 97.4 71.3
5 0.51 36.3 30.9 30.9 30.9 613 H
6 0.8 22.9 22.9 18.3 13.7 6 f21H
w2 7 1.25 38.4 26.6 18.9 11.2 7H1H
8 1.25 46.3 46.3 37.0 27.8 7 10H
it 143.8 126.6 105.1 83.6
9 0.55 44.3 32.9 32.9 32.9 723 H
10 1.00 44.0 37.6 28.8 20.0 8 1H
3 11 1.20 58.8 58.8 47.0 353 8 15 H
12 1.23 53.9 44.1 33.3 22.5 8 A27H
At 201.0 173.4 142.1 110.7
Mt 469.4 417.6 344.6 271.7
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Fig.4 Hay yield of alfalfa under different treatments

in whole growing season
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Tab.4 Average hay yield of alfalfa under different water

and fertilize treatments in whole growing season

kg/hm’

b3 #1E 52 7 53 7 A4
W1 6387.47* 4034.00° 2366.03" 12787.51"
WK W2 6116.76"  4373.82%  2349.44" 12 840.03"
W3  5337.23" 3338.34" 2167.25* 10862.81"
F1  5788.20° 3971.88" 2438.07° 12198.14°
MENE F2 5869.19° 3 805.82° 2060.45° 11 735.46°
F3  6204.08" 3968.47° 2384.20" 12556.75"
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Tab.5 WUE and PFP of alfalfa under different water and fertilize treatments in whole growing season

THE B AP Jit JIES 7K S AL - a2 B3
WUE/(kg-m ™) PFP/(kg-kg™') WUE/(kg-m ) PFP/(kg-kg™') WUE/(kg-m*) PFP/(kg-kg ')
Fl 5.21 24.04 2.48 24. 80 1.23 17.37
Wl F2 4.99 34.52 2.77 39.51 1.06 21.45
F3 5.18 71. 74 2.83 60. 49 1.06 32.01
Fl 5.41 20. 92 3.37 28. 80 1.28 15. 44
w2 F2 6.20 35.96 3. 60 44. 00 1.13 19.43
F3 5.96 69. 20 3.26 59. 74 1.49 38. 46
Fl 6.19 19. 35 3.63 25. 84 1. 60 15.95
w3 F2 5.83 27. 34 2.48 25.23 1.27 17.99
F3 7.03 65. 85 3.27 49. 85 1.49 31.72
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536, I 3 FhHE K AL BER /Y 52 bR SRR K i B
BB Al E 32, 71% .33, 65% ,34.83% , i X
L S 2 A A R R A g B AR 9. 48%
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1 WUE, & 77 5 F1 WUE 34 3% 2238 0 ; 4% 2 A [ b
HUR R = A WUE 300 55 1.3 #E9 W2 b3
=t e R, 55 2 P W2 A HE R Y R R/, H
W2 BRI AR R, X W 2R E R S A
FRARE LR 1 R ER, 243
) WUE #5 2) W3 kb 3 55, kg W2, W /b,
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Tab.6 Hay yield and WUE of alfalfa under different water treatments in end gun circular area

JLBL o ¥ 2 o553 it
#E7k 5 /mm 155. 1 172.4 226.7 554.2
W1F0 742/ (kg-hm ~2) 6 872. 60 4444.79 2 682.06 13 999. 46
WUE/(kg-m ™) 4.24 2.34 1.05
67K & /mm 131.5 145.5 183.6 460. 6
W2F0 74t/ (kg-hm ~?) 8024.93 3928.59 2941.23 14 894. 75
WUE/ (kg-m™?) 5.79 2.41 1.39
#6 7K B /mm 104.2 113.3 148. 8 366.3
W3F0 78/ (kg-hm?) 6554. 16 3967.22 2 846. 68 13 368. 06
WUE/(kg-m ™) 5.89 3.04 1.61
3 it LW AR T I K, T B A W X S o

U6 3t 5 FE 5% 9 ML 2 SR T R3000 Y Jice % fi% Ji
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