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Effect of rainwater harvesting via plastic film-covered ridge on soil moisture
in Medicago sativa grassland and water use efficiency
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(1. Pratacultural College of Gansu Agricultural University, Lanzhou 730070, China; 2. Key Laboratory of Grassland Ecosystem,
Ministry of Education; Sino-US Center for Grazingland Ecosystem Sustainability, Lanzhou 730070, China)

Abstract The productivity and water use efficiency of cultivated pastures are low in arid and semiarid areas of the Loess Plateau
due to low annual rainfall and periodical deficit of soil moisture. In this study, the rainwater harvesting system via plastic
film-covered ridge was applied in production of biennial Medicago sativa grassland in dryland. And the impact of ditch/ridge ratio
and mulching patterns on the trends and use efficiency of soil moisture were determined. Results showed that rainwater harvesting by
plastic film-covered ridge significantly improved soil moisture content in 0~20 cm soil at early stage of rainwater harvesting (from
the middle ten-day of April to the first ten-day of June). It also greatly enhanced average soil moisture content in 0~120 c¢cm soil at
mid-late rainwater harvesting stage (from the middle ten-day of June to the last ten-day of September). During winter, rainwater har-
vesting via plastic film-covered ridge increased soil infiltration capacity and improved average soil moisture content in 20~120 cm
soil. Further, the rainwater harvesting efficiency of plastic film-covered ridge was higher than that of compacted bare ridge. The
moisture storage in 0~120 cm soil with rainwater harvesting via plastic film-covered ridge initially dropped, and then rose during the
growth period of M. sativa. At late growth stage, soil moisture storage with rainwater harvesting via plastic film-covered ridge was
evidently higher than that via compacted bare ridge. Average water use efficiency with plastic film-covered ridge was 34.91
kg -mm™' -hm™, which was 2.25 times that of CK (flat field without ridge and mulch). Average water use efficiency with compacted
bare ridge was 28.47 kg - mm™' - hm™, which was 1.83 times that of CK. Average water use efficiency of plastic film-covered ridge
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increased by 22.62% compared with that of compacted bare ridge, and the highest ones were in plastic film-covered ridges with 60

¢m/60 cm and 60 cm/75 cm ditch/ridge ratios.
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Tab. 1 Design parameters of experiment
Treatment Ditch widt?cm;idge width Plot area (m?) Runoff area (m?) Ditch area (m?) Mulching pattern of ridge
MR30 60 30 18.0 7.2 10.8 Plastic film cover
MR45 60 45 21.6 10.8 10.8 Plastic film cover
MR60 60 60 25.2 14.4 10.8 Plastic film cover
MR75 60 75 28.8 18.0 10.8 Plastic film cover
SR30 60 30 18.0 7.2 10.8 Compacted bare soil without mulch
SR45 60 45 21.6 10.8 10.8 Compacted bare soil without mulch
SR60 60 60 25.2 14.4 10.8 Compacted bare soil without mulch
SR75 60 75 28.8 18.0 10.8 Compacted bare soil without mulch
CK — 21.6 0 0 Flat field without ridge and mulch
’ o ’ 2 BRSHH
(105 , 10 h) , sRAN =]
(11]. 2.1 0~120 cm
W =hx pxbx10 (1) la 2
W (mm), h (cm), p (2009 4 11 )0~20cm 20~40 cm 40~60
(g - cm™), b (%) cm 60~80 cm 80~100 cm 100~120 cm
143 , 13.79% 16.31%
18.76% 19.26% 16.74% 15.42%,
, 13.06% 15.63% 15.87% 17.61% 15.39% 14.59%,
: CK 12.68% 13.61% 15.24% 18.57% 16.38%
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Fig. 1  Soil moisture dynamics along soil profile of 0~120 cm with plastic film-covered ridge (MR) and compacted bare ridge (SR)
during M. sativa growth period
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Fig. 2 Soil water storage dynamics in different growth stages of M. sativa
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Tab. 2 Water use efficiency of M. sativa with plastic film-covered ridge and compacted bare ridge

Item CK MR30 MR45 MR60 MR75 SR30 SR45 SR60 SR75

12m 1

Before turning green of the first 217.43cd 210.08de  293.34a 253.47b  209.83de 209.47de 208.42e 212.42de 221.68c
1.2 m soil crop
water stor- 2 311.03a 185.00e  297.17c  301.86b  295.36c  146.47f 141529 187.37de 190.18d
age (mm)  After cutting of the second crop

Rainfall harvesting (mm) 211.90 307.26 354.93 402.61 450.29 229.70 238.60 247.50 256.40

Water consumption (mm) 118.30 345.97 348.24 305.82 257.85 324.20 355.68 297.60 327.27

Economic output (kg - hm™?)
Water use efficiency

15.53 20.95ef
(kg - mm™' - hm™) g ¢

28.80d 40.65b

1837.36f 4831.43d 5731.27b 6215.24a 5641.52b 3988.14e 4895.19d 5319.22¢c 5176.70c

49.23a 18.45fg 24.08e 35.75¢ 35.59¢

(P<0.05) Different small letters in one line indicate significant difference at 0.05 level.
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