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Abstract: In this research two experiments were conducted to investigate the effects of slope and cultivation
system on soil erosion control. In Experiment 1, a completely random design was used to study the runoff effi-

ciency and the rainfall threshold to produce runoff for ridges along different slopes (0°, 5° and 10°). In Experi-
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ment 2, a split-plot design with slope (5° and 10°) as the main plot factor and tillage method (traditional plant-
ing, open ridging and tied-ridging) as the split-plot treatment was adopted to study the effect of tied-ridging
rainwater harvesting on soil moisture, runoff, sediment yield, nutrient loss, alfalfa fodder yield and water use
efficiency (WUE). The mean runoff efficiencies for ridges along slopes of 0°, 5° and 10° were 88.2%, 91.1%
and 92. 7%, respectively. The threshold precipitation to produce runoff for the respective treatments was 1. 55,
1.33 and 1. 00 mm, respectively. Compared with traditional planting, the decreases in runoff, runoff efficien-
cy, sediment yield, total nitrogen loss, total phosphorus loss and organic matter loss for open ridging were
62.3%—67.9%, 51.0% —54.5%, 95.6% —96.4%, 95.3% —96.2%, 95.3% —96.1% and 94. 1% —95.6%,
respectively, whereas the corresponding decreases for tied-ridging were 76. 4% —79. 9%, 67. 8% —68. 2%,
98.4%, 98.1% —98.2%, 98.2% and 97. 8% —97. 9%, respectively. The open ridging and tied-ridging in-
creased shallow-layer (0—60 cm) soil moisture. The increase in alfalfa forage yield and WUE for open ridging
were 40.3% —50.4% and 4.4—11.5 kg *« ha ' « mm ', respectively. The corresponding increases for tied-rid-
ging were 16. 0% —18.7% and 2.0—5.3 kg » ha ' « mm '. The runoff, runoff efficiency, sediment yield, to-
tal nitrogen loss, total phosphorus loss and organic matter loss for the 10° slope were 1. 44, 1.40, 2. 34, 2. 24,
2.39 and 1. 97 times greater than those for the 5° slope. Lastly, average soil water storage, alfalfa fodder yield
and WUE for the 5° slope were 1. 05, 1. 28, and 1. 41 times greater than those for the 10° slope. Tied-ridging
rainwater harvesting was particularly beneficial for reducing runoff, sediment yield and nutrient loss. Open-rid-
ging was offered particular effects on increase of alfalfa fodder yield and WUE,

Key words: tied-ridging rainwater harvesting; runoff; sediment yield; nutrient; production pattern
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Table 1 Soil chemical properties in the experimental plots

TRRE X e il EERiIN 7K f% A AL AL pH
Soil depth Total N Total P Total K Organic matter  Alkali-hydrolyzable N Available P Available K

(cm) (gekg) (gekg ) (gekg ) (g kg™ (mg « kg™ 1) (mg * kg™ 1) (mg « kg™ 1)

0~20 0. 62 0.76 20,70 9.56 65.75 7.78 135 7.83

20~40 0. 54 0. 64 20.51 7.77 22.10 3.00 90 7.82
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Fig.1 Schematic diagram showing ridge runoff efficiency in rainwater harvesting system on sloping land
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Fig.2 Schematic diagram for alfalfa production in ridge-furrow rainwater harvesting system on sloping land
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Fig. 3 Schematic diagram for alfalfa production in three tillage methods
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Fig.4 Precipitation and distribution of precipitation class during the alfalfa growing seasons
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Fig. 5 Correlations between runoff and precipitation for ridges on different slops of land
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Fig. 6 Plot runoff and runoff efficiency in various treatments
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letters within each group are significantly different at the 5% level (Tukey’s-b test ANOVA). The same below.

Y
RES

2.4 EHEAFE

b R K B S S - K AR Y — 0 LA b, 2 B O T K P K RS K R O R . AR AR IR
By v B KR AN FE R HEK A A ME— R TR . B — IR B KT 4 R K i B R 0o - 9 A 9B SR, [ K R4S T 7E 5 4
AT T AN, b R K R AR T o R I (R HER A B 2 R P S O 1] 3 Bl K, SORR 2 T
RPN R R sh, EREZEEN Tk — AW F . By Rk B85 T e s T b
W (P 8), 2017 4F 4—5 H URBARFRE KB D AL G B KBS A8 R i MR AL B 18 2R R/ &%
Ak A S K S A A e AN TR A5 A B A B K AL TSR AR A A P A KO 2017 AR 6—7 HLRR
v R K i T A SRR TE W AE BT R BR AR D] - B 2 e i B RORN SR AR I 1A 2 TR A, 45 b R R K
AL TR E T 2 WK T 52017 4R 8— 10 H L %5 B /K f5 4 7 58 46 B 75 B o 78 s R v R
L A5 AL B A HEI K S AL TR E A A B AR R KO . ERZEUE LT TS 28 0 £ HEK B 2 (P<<0. 05)



110 ACTA PRATACULTURAE SINICA(2020) Vol. 29, No. 11

o T ZE  FF R ZE W3 (P<<0. 05) i TAE G PAE . TR 5°0F AL G TAE P B AT S B RIE BTG 24 F
WP 3K 5 430 204,226 FI 237 mm FESEEE 10T, AH B Ak #5846 45 4 A8 & I0OF 38 H 4K £ 43 5
201,213 A1 220 mm., #E A — 32 KON A AL BOF S5 E T 5 B 5°F0 1070 S840 8 18 24 & W73 R oK & 43
5k 223 F1 211 mm,
2.5 rtyImisKE
FE B BE TN R RE 2R 46 B 4 v, WK 7R 48 W 28 28 11 7= AR AR Ui, 42 5 A K 7R 3 TP S i, DA TT 3G A 9 38K 43
T HATHE B TP R . k¥ M7 40 BT 37 45 28 70 S5 TN R R 38 7= LB, 78 SR A6 A R 75 00 568 1 M 2 XS, g
AFALEE 0~200 em 31 E oK & (& 9, 7ESAE B A& & 5 0. A 6] b #1[R) — 2 0 530 1 % K & 22 5 A1)
WS 1 RNES AR )Z (0~60 cm) +HEHI H &K B2 R L E S 2 AEE . A
[] kb B )22 (0~ 60 em) AR )Z (60~160 cm) + 5T & /K i 25 5 B W . [RIIsE, B 3 57K [) Acb 2 - 398 31 1 %5 /K
S TR 107, 2B AR TR A G B R S T K R D AT 2 BV AW AR RS AR RS R L
55 1R 2 BN S BE I 5, FE SR 50, AR JF MU ZE R AT 45 28 0~ 200 om ~F- 34 4 38 %1 1f0 & 7K &= 43 51
8.0%.9. 2% F1 9. 5% s £E B 10° W, MR AL B 0~200 cm ¥ 4 39835 1 5 7K 54391 K8, 0%6.8. 5% A1 8. 9% . 5t
[fi] — 32 X [ Ak B S (B T & L B R 5°F1 10°H9 0~200 cm V-2 38 3 T & 7K B4 3 8. 9 % #l 8. 5% .

O 1% 45 “T* { Traditional planting

_ 1200 1 53 it % Open ridging ~ &
"2 1000 [ E4T 4528 Tied-ridging
* 200 t [15°
N B10°
WE 600 f
G =
£ 400 |
5t
@« 200
0
15/ Mean “F-#]{H Mean
0.8 12r
g a
E o7 ok

ceoo
A~ v O

i
Total phosphorus (g
oo o
—hw
AL
Organic matter (g * m %)
o A o

[}

- 34) {8 Mean

06-21
H 1 Date (H-H Month-day)

B7 BA4AERD. ER.EWMENRKK

Fig.7 Annual loss of sediment, total nitrogen, total phosphorus and organic matter in various treatments
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Fig. 8 Soil water storage at furrow bottoms in 0—200 cm soil depth in various treatments
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Fig. 9 Soil water content at furrow bottoms before green up and after cutting in various treatments
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Table 2  Alfalfa forage yield and water use efficiency (WUE)

TR 4t Forage yield (kg + hm™ %) BOPAERM ko FURCE
s 47 : : :
%% 1 7 First cutting %5 2 % Second cutting B FHL 24 Total forage yield Increase WUE (kg *
Slope Treatments
NFY AFY NFY AFY NFY AFY % hm=? « mm~ 1)
5° TP 3722c 3722¢ 1380c¢ 1380¢ 5102c 5102¢ 0 15.7¢
OR 8546a 5102a 4306a 2570a 12852a 7673a 50. 4 27. 2a
TR 7287b 4176b 3037b 1741b 10324b 5917b 16. 0 21.0b
10° TP 3019¢ 3019¢ 1056¢ 1056¢ 4074c¢ 4074c 0 13.0b
OR 6481a 3870a 3093a 1846a 9574a 5716a 40. 3 17. 4a
TR 6148b 3524b 2287b 1311b 8435b 4834b 18.7 15. 0b
P 5° 6519 4334 2907 1897 9426 6231 / 21.3
Mean 10° 5216 3471 2145 1404 7361 4875 / 15.1

{E: TPLOR #l TR 73 ARG AR T B MATE 2. NFY BT R L AFY BSEBRT R i, ARG Tukey’s-b I 215 7047, B 4L 719
fHARIEA [ F AR 25 7 3 (P<<0. 05)
Note: TP, OR and TR were traditional planting, open ridging and tied-ridging, respectively. NFY was net fodder yield. AFY was actual fodder

yield. The means (columns) labeled with the different letters within each group are significant difference at the 5% level (Tukey’s-b test ANOVA).
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