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Effects of Different Rainwater Harvesting Patterns on Soil Hydrothermal

Regimes and Water Use Efficiency of Summer Maize

Yin Minhua Li Yuannong Zhang Tianle Xu Yuanbo Gu Xiaobo Wang Xingyao
(Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education ,
Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; Two-year (2013 and 2014 ) field experiment was carried out to increase rainfall utilization
efficiency and improve soil water availability for crops in arid area. A total of five treatments ( CK ridge-
furrow planting without mulching over both ridge and furrow; M1 ridge-furrow planting with transparent
film mulching over ridge only; M2 ridge-furrow planting with corn straw mulching over furrow only; M3
ridge-furrow planting with transparent film mulching over ridge and corn straw mulching over furrow; M4 .
ridge-furrow planting with black film mulching over ridge and corn straw mulching over furrow) were
chosen to investigate the effects of different rainwater harvesting patterns on soil hydrothermal regimes,
yield and water use efficiency of summer maize. The results showed that rainwater harvesting treatments
could improve soil water storage, soil moisture content and compensation degree of soil water storage
deficit significantly (P <0.05). The treatments with mulching over both ridge and furrow ( M3 and M4)
were superior to the treatments with mulching either over ridge or over furrow (M1 and M2). And
treatment M4 was better than treatment M3. Compared with transparent film mulching over ridge, black
film mulching over ridge could reduce the temperature under film (P < 0.05 ). In contrast to no
mulching over furrow, corn straw mulching over furrow could optimize the heat condition around roots.
With improved soil water and temperature conditions, the treatment of ridge-furrow planting with black
film mulching over ridge and corn straw mulching over furrow (M4 ) could increase yield and water use

efficiency of summer maize to a great extent. Compared with CK, the average yield and water use
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efficiency of M4 in 2013 and 2014 were increased by 30.90% and 57.49% , respectively. In

conclusion, treatment M4 was the appropriate rainwater harvesting pattern for summer maize cultivation in

Guanzhong Region, Shaanxi Province. The results could provide valuable information for selecting

efficient rainwater harvesting pattern in semi-arid regions of China.

Key words: Rainwater harvesting pattern

Water use efficiency
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Fig. 1 Daily distribution of rainfall and mean temperature

during summer maize growth periods
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Fig.2 Variation of soil water storage under different rainwater harvesting patterns
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Fig.3  Vertical distribution of soil moisture under different rainwater harvesting patterns
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Tab.1 Deficit degree of soil water storage under different rainwater harvesting patterns %
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CK 30 ~50 22.46 17.58 24.08 -0.87 10.25 15.00 21.21 29.71 35.01 10.25 5.76 10. 61
50 ~ 100 30. 46 30. 17 30. 04 24.31 18.29 19. 96 30.29 29.40  32.21 25.01 15.20 1533
0~20 17.67 19.13 13.33  -10.02 0.29 14. 12 17.13 21.57 24.03 -6.11 -20.11 4.28
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0~20 12. 04 17. 54 9.54 -19.59 -2.13 12.42 12.13 14. 44 20.17 -10.61 -29.20 -2.65
M3 30 ~50 14.71 19. 00 18. 83 -2.53 5.79 15. 04 12.79 17.01 29.73 5.79 2.19 8.33
50 ~ 100 29.67 24.08 25.17 25.09 9.88 16. 21 29. 88 30.61 32.11 20.01 9.76 10. 09
0~20 10. 71 15.17 7.25 -23.95 -5.54 10.29 11. 54 12.75 18.03 -11.05 -30.44 -3.34
M4 30 ~50 13.01 10. 25 13.13 -6.43 4.98 13.21 11. 00 16.51 26. 19 4.98 3.19 8.17
50 ~100 30. 00 28.29 27.96 21.03 10. 08 15.42 29.08 30. 66 32.06 20. 03 10. 21 10. 00
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Fig.4 Compensation degree of soil water storage deficit in different soil depths under different rainwater harvesting patterns
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Fig.5 Spatial distribution of average daytime temperature in 0 ~25 c¢m soil layer under different rainwater harvesting patterns
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Tab.3 Yield and its components of summer maize under different rainwater harvesting patterns
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