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Effect of ridge/furrow rain harvesting on soil moisture,
bulk density and porosity in Medicago sativa field

KOU Jiang-Tao"?, SHI Shang-Li'?, WANG Qi"?, YIN Guo-Li'?

(1. College of Grassland Science, Gansu Agricultural University, Lanzhou 730070, China; 2. Key Ecosystem Laboratory of
the Ministry of Education; Pratacultural Engineering Laboratory of Gansu Province; Sino-US Center for Grazingland
Ecosystem Sustainability, Lanzhou 730070, China)

Abstract Experiment on rain harvesting under dry farming was conducted to determine the effects of ridge/furrow width ratio and
mulching modes on soil moisture, soil bulk density and porosity in Medicago sativa cultivation fields. Based on the study, average
water loss in the 0~120 cm soil layer was lower by 28.43 mm for plastic film covered ridges and 13.61 mm for compacted bare soil
ridges than CK (flat field). The increase rate of rain water storage was 59.03%~99.27% in plastic film covered ridges with runoff
generation efficiency of 53.43%~91.72% during the whole rainy season. From early April to early June (when was prior to 2009
rainfall collection period), the increase rate of rain water storage in compacted bare soil ridges was 1.92%~2.74% with corresponding
runoff generation efficiencies of 1.71%~2.55%. From mid June to late September (when was mid-to-late rainfall collection period),
the increase rate of rain water storage (8.85%~36.77%) and runoff generation efficiency (8.01%~35.82%) increased significantly.
The increase rate of rain water storage and runoff generation efficiency on both plastic-film covered and soil-compacted ridges in-
creased with increasing ridge surface area. However, increment in the increase rate of rain water storage and runoff generation effi-
ciency on plastic-film covered ridges was remarkably higher than that on compacted bare soil ridges. Soil bulk density in the 0~40
cm soil layer significantly dropped in ridge/furrow rain harvesting system. The degree of drop in soil bulk density in plastic film cov-

ered ridges was higher than that in compacted bare soil ridges in the 0~20 cm soil layer. Accordingly, soil porosity in the 0~40 cm
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soil layer significantly increased in ridge/furrow rain harvesting system. Also the degree of rise in soil porosity in plastic film covered
ridges was larger than that in compacted bare ridges in the 0~20 c¢m soil layer.

Key words Medicago sativa, Ridge/furrow rain harvest, Ridge/furrow width ratio, Soil moisture, Soil bulk density, Soil
porosity, Rain water storage increasing rate, Runoff generation efficiency
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Table 1 Design parameters of every treatment of the experiment
Treatment Ridge Wi‘%th (cm) - furrow Plot area (m?) Runoff area (m*)  Furrow area (m°) Mulching pattern of ridge
width (cm)
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 ° 60 252 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 ° 60 252 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
MR: Plastic film-covered ridge; SR: Compacted bare ridge; The same below.
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(2009 9 20 ), S 3 213.00 mm, CK 4.43 mm
( ) 7.5~12.5 cm 0~120 cm , CK
27.5~32.5 cm 100 cm’ 41.92 mm, ; MR30
, 0~20 cm MR45 MR60 MR75
20~40 cm (1] 1637mm 13.52mm 12.89mm 11.21 mm,
d _(Wi=Wo)x(1-W%) 5) ) >
! 14 13.49 mm, CK 28.43 mm;
. di (gem™), Wy (2), W SR30 SR45 SR60  SR75
(g2), W% 36.03 mm 32.89 mm 24.02mm  20.31
s Vv (Cm3) mm, > H
(el 28.31 mm, CK 13.61 mm
i 2.2
P=(l—i)x100% (6)
p 2 B
, P (%); d; (grem™); p 0~120 cm
(g'cm%), « ”(2.65 g'cm%) 3 MR30 MR45 MR60 MR75
1.5 , 0~120 cm
Excel 2003 , )
SPSS ) )
bEER E 4\ K ’
2 BRSO ,MR30 MR45 MR60 MR75
2.1 0~120 cm 59.03%~69.04%  67.00%~
80.45% 85.26%~95.11%  93.20%~99.27%,
2 ) , 1 53.43%~66.41% 60.64%~77.25% 79.04%~
(2008 9 20 )0~120 cm CK 85.36%  85.14%~91.72%,
259.36 mm; 255.36 mm,
CK 4.00 mm; 241.31 mm, SR30 SR45 SR60 SR75 2009
CK 18.05 mm (2009 4 11 4 ~6
)0~120 cm CK 217.43 mm; 0~120 cm ,
241.86 mm, CK 24.43 mm; ; 2009
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Table 2 Water loss of 0~120 cm soil layers in winter period under different treatments mm
1 (2008 9 20 ) 2 (2009 4 11 )
1¥ year after autumn mowing Before turning green in the ond year R .
(September 20, 2008) (April 11, 2009) Wintering period
Treatment
CK CK CK
Soil water storage Compared to CK Soil water storage Compared to CK Soil water loss Compared to CK
MR30 227.17 -32.19 210.80 -6.63 16.37+2.19fg -25.55
MR45 306.86 47.50 293.34 75.91 13.52+0.88¢g -28.40
MR60 266.36 7.00 253.47 36.04 12.89+1.24¢g -29.03
MR75 221.03 -38.33 209.83 —-7.60 11.21+1.63g -30.71
255.36 -4.00 241.86 24.43 13.49 -28.43
Mean of MR
SR30 245.50 —-13.86 209.47 -7.96 36.03+1.73b -5.89
SR45 241.32 —-18.04 208.42 -9.01 32.89+2.21¢ -9.03
SR60 236.44 -22.92 212.42 -5.01 24.02+2.05d -17.90
SR75 241.99 -17.37 221.68 4.25 20.31+1.29¢ -21.61
241.31 -18.05 213.00 —4.43 28.31 —-13.61
Mean of SR
CK 259.36 — 217.43 — 41.92+1.89a —
(P<0.05), Different small letters indicate significant difference (P < 0.05) among treatments. The

same below.
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Table 3 Increase rates of rain water storage and runoff generation efficiency of plastic film-covered ridges and compacted
bare ridges under different treatments and rainfalls in 2009
Rainfall Treatment
( - -
Rainfall date (year-month-day) <" CK SR30 SR45 SR60 SR75 MR30  MR45  MR60  MRT5
59 mm A(mm)  4.65¢ 4.74¢ 4.76¢ 4.75¢ 4.74¢ 7.49d 7.83¢ 8.76b 9.09a
2009-05-08 B (%) — 1.95¢ 237e 2.23e 1.92f  61.22d  6843c  88.43b  95.47a
C (%) — 1.74f 2.12e 2.00e 1.71f 54.72d 61.17¢ 79.04b 85.34a
6.0 mm A(mm)  5.59d 571d 5.73d 5.74d 5.74d 9.08¢ 936c  10.54b  10.83a
2009-05-27 B (%) — 2.17g 2.52f 2.74¢ 269  62.51d 675l 887lb  93.96a
C (%) — 2.02g 2.35f 2.55e 2.51e 58.20d 62.85¢ 82.59b 87.48a
26.9 mm A (mm) 25.71f 28.55¢ 29.74de 31.48d 32.86d 41.95¢ 43.42¢ 47.63b 49.67a
2009-06-18~19 B (%) — 11.05h  15.69g  2245f  27.8le  63.15d  68.87c  8526b  932la
C (%) — 10.56h 15.00g 21.46f 26.58¢ 60.36d 65.82¢ 81.49b 89.09a
8.3 mm A (mm) 7.51g 8.18f 8.50¢ 8.97de 9.38d 11.95¢ 12.55¢ 14.25b 14.70a
2009-07-16 B (%) — 8.85h  13.10g  19.44f  248le  59.03d  67.00c  89.72b  95.73a
C (%) — 8.01h 11.86g 17.60f 22.46e 53.43d 60.64c 81.21b 86.65a
16.0 mm A(mm) 14.73¢  1693d  17.26d 18.60cd  19.80c  23.51b  24.80b  28.04a  29.10a
2009-07-25-26 B (%) — 1494h  1721g  2633f  3447c  59.69d  6844c  90.42b  97.62a
C (%) — 13.75h 15.84g 24.24f 31.73¢ 54.93d 62.99¢ 83.21b 89.85a
17.7 mm A (mm) 16.33¢ 19.52d 20.16d 20.92cd 22.24¢ 27.51b 28.80b 31.04a 32.40a
2009-08-02~03 B (%) — 1957n  2349g  28.17f  3622¢  6854d  7643c  90.13b  98.47a
C (%) — 18.05h 21.67g 25.98f 33.41e 63.22d 70.50c 83.13b 90.82a
23.5 mm A(mm)  2241f  2694e 2742  28.76de  3026d  37.48bc  39.35b  4220a  43.30a
2009-08-14~16 B (%) — 20.19h 2235z 2832f  350le  67.24d  7556c  8829b  93.20a
C (%) — 19.26h 21.32g 27.01f 33.3% 64.13d 72.07¢c 84.21b 88.89a
287 mm A(mm)  27.96h  33.79¢  3506f  36.42ef  3824e  47.02d  50.13bc  52.46ab  54.28a
2009-08-25-26 B (%) — 2086h 2539 3024f  3677c  68.17d  7929c  87.62b  94.l4a
C (%) — 20.32h 24.73g 29.46f 35.82¢ 66.41d 77.25¢ 85.36b 91.72a
5.9 mm A(mm)  5.06g 5.69f 5.87f 5.95f 6.24¢ 8.55d 9.13bc  9.87ab  10.28a
2009-09-05 B (%) — 1253h  1592g  17.61f  2337¢  69.04d  80.45¢  95.11b  99.27a
C (%) — 10.75h 13.65g 15.11f 20.04e 59.21d 69.00c 81.57b 85.14a
A: Increase rate of soil water storage; B: Increase rate of rainfall storage; C: Runoff generation efficiency.
(6 ) ,
0~120 cm s 0~40 cm
, SR30 0~20 cm CK 0.03 g'cmf3, MR30
SR45 SR60 SR75 MR45 MR60  MRT75 0.06 g'cm73
, 1.95%~2.17% 2.37%~  0.07 grem™ 0.07 gem™  0.06 grem ™, CK;
2.52% 2.23%~2.74% 1.92%~2.69%, SR30 SR45 SR60 SR75
1.74%~2.02% 2.12%~2.35% 2.00%~2.55% 0.04 g.em™ 0.04 gem™ 0.05 grem™  0.05 g-em™,
1.71%~2.51%; , SR30 SR45 SR60 CK, 20~40 cm
SR75 ,CK 0.03 g-em™, MR30 MR45
, MR60 MR75 0.04 g-cm™
8.85%~20.86% 13.10%~25.39% 17.61%~30.24% 0.04 g-cmf3 0.04 g-cmf3 0.05 g'cm%, CK;
23.37%~36.77%, 8.01%~20.32% SR30 SR45 SR60 SR75
11.86%~24.73% 15.11%~29.46% 20.04%~35.82%, 0.05 grem™ 0.04 gem™ 0.05 grem™  0.04 grem™,
CK 0~40
0~120 cm cm s 0~20 cm
, (4
2.3 0~20 cm 20~40 cm
(2009 11 ) 0~20 cm
1 (2009 11 ) 20~40 cm ,
(2009 9 R 0~40 cm
0~20 cm 20~40 cm 0~20 cm , CK
0~20 cm 20~40 cm 0.85%, MR30 MR45 MR60 MR75
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Table 4 Soil bulk density and porosity of different treatments in 2009

C--) CK

. MR30 MR45 MR60 MR75 SR30 SR45 SR60 SR75

Item Soil depth (cm) Date (year-month-day)
0~20 2009-04-11 1.37e(c)  1.34c(c)  1.34c(c) 1.33b(c) 1.32a(c) 1.37e(b) 1.37e(c) 1.36d(c) 1.34c(c)
Bulk 2009-07-11 1.36e(b)  1.32¢(b) 1.31b(b) 1.31bc(b) 1.30a(b) 1.36e(b) 1.36e(b) 1.34d(b) 1.32¢(b)
density 2009-09-20 1.34g(a) 1.28b(a) 1.27b(a) 1.26a(a) 1.26a(a) 1.33f(a) 1.33e(a) 1.31d(a) 1.29c(a)
(gem™) 20~40 2009-04-11 1.44e(b) 1.38b(c) 1.38b(c) 1.37a(c) 1.37a(c) 1.43d(b) 1.42c(c) 1.42c(c) 1.39b(c)
2009-07-11 1.44f(b)  1.36b(b) 1.36bc(b) 1.35a(b) 1.35a(b) 1.42¢(b) 1.40d(b) 1.40d(b) 1.37c(b)
2009-09-20 1.41f(a)  1.34c(a) 1.34c(a) 1.33b(a) 1.32a(a) 1.38e(a) 1.38e(a) 1.37d(a)  1.35c(a)
0~20 2009-04-11 48.43¢e(c) 49.30d(c) 49.43cd(c) 49.70b(c) 50.10a(c) 48.14f(c) 48.24f(c) 48.55e(c) 49.50c(c)
Porosity 2009-07-11 48.59f(b) 50.08c(b) 50.44b(b) 50.39b(b) 51.08a(b) 48.54f(b) 48.86e(b) 49.30d(b) 50.07c(b)
(%) 2009-09-20 49.28h(a) 51.60c(a) 51.90b(a) 52.30a(a) 52.30a(a) 49.63g(a) 49.89f(a) 50.6le(a) 51.15d(a)
20~40 2009-04-11 45.69n(b) 47.78c(c) 47.84c(c) 48.16b(c) 48.4la(c) 45.88g(b) 46.30f(c) 46.30f(c) 47.62¢(c)
2009-07-11 45.74f(b) 48.54b(b) 48.53b(b) 48.98a(b) 48.90a(b) 46.23e(b) 47.24d(b) 47.00d(b) 48.15¢(b)
2009-09-20 46.65g(a) 49.27c(a) 49.28c(a) 49.67b(a) 50.07a(a) 47.82f(a) 47.74f(a) 48.16e(a) 48.90d(a)

(P<0.05), (P<0.05) Different small

letters in the same line indicate significant difference (P < 0.05) among different treatments. Different small letters in the brackets indicate significant
difference (P < 0.05) among determination results of different times.
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1.44% 1.51% 1.66%, CK; SR30
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