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Spatial heterogeneity of soil moisture of mountain apple orchards with rainwater collection
and infiltration ( RWCI) system in the Loess Plateau China. SONG Xiaodin' > ZHAO Xi-
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Abstract: Water scarcity is a critical factor influencing rain-fed agricultural production on the Loess
Plateau and the exploitation of rainwater is an effective avenue to alleviate water scarcity in this
area. This study was conducted to investigate the spatial and temporal distribution of soil moisture in
the 0-300 c¢m under a 21-year-old apple orchard with the rainwater collection and infiltration ( RW-
CI) system by using a time domain reflectometer ( TDR) probe on the Loess Plateau. The results
showed that there was a low soil moisture zone in the 40—80 cm under the CK and the RWCI sys—
tem significantly increased soil moisture in this depth interval. Over this depth the annual average
soil moisture under RWCI,, RWCI, and RWClIy, was 39.2% 47.2% and 29.1% higher than that
of bare slope ( BS) and 75.3% 85.4% and 62.7% higher than that of CK respectively. The maxi-

(41401315 41571506 51579212) | ( KFZD-SW-306) .
(2016YFC0400204) ( 2015KTCL02-25 2016KTZDNY-01-03) This work was supported by the National
Natural Science Foundation of China (41401315 41571506 51579212) the Key Development Foundation of the Chinese Academy of Sciences ( KFZD-
SW-306) the National Key Research and Development Plan ( 2016YFC0400204) and the Integrative Science-Technology Innovation Engineering Pro—
ject of Shaanxi ( 2015KTCL0225 2016KTZDNY-01-03) .
2016-12-01 Received 2017-08-01 Accepted.

* Corresponding author. E-mail: gizwpt@ vip.sina.com



11

( RWCI) 3545

mum infiltration depth of water under RWCI,, RWCI,, and RWClg, was 80 cm 120 ¢m and 180
cm  respectively and the soil moisture in the 0-60 0-100 and 0-120 ¢m was more affected by
RWCI,, RWCl,, and RWCIg, respectively. Over the whole growth period of apple tree the maxi-
mum value of soil moisture content in the 0—300 cm existed in the RWCIy, treatment followed by
the RWCI,, and RWCl, treatments. Overall the RWCI system is an effective meaning of transfor—
ming rainwater to available water resources and realizing efficient use of agricultural water on the
Loess Plateau.

Key words: the Loess Plateau; mountain apple orchard; soil moisture; seasonal variation; vertical
variation.
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Table 1 Physical parameters of experimental soil
Depth Soil bulk Saturated Field moisture
( cm) density water content capacity .
(g*em™) (%) (%) '
0~40 1.13 29.2 16.9
40~80 1.25 28.8 17.7 RWCI
80~120 1.26 28.3 17.8 1.3
120~ 160 1.33 28.9 18.2 )
160 ~200 1.23 29.4 18.9 2014 3
(15°)
. . . 7 hm”. 21 ( Malus
. . pumila) ( : ) 5 mx4 m.
. 16
. 0.242 m
345 m 5.19 m.
26) 5 4 .
RWCI 3 RWCI,( 40 cm) .
RWCI, ( 60 c¢m) . RWCIy, (
*RWCI 80 cm) ; 2 ( CK)
( ) ( BS) .RWCI 2014 11
130 cm (
@ ) 80 cmx 80 cm
40 ~
80 cm
#7555, / 1
B Legend
1 3418 Soil surface
2 Z5FITH Catchment area with black plastic film
3 5| #% Drainage device
4 B2 Plastic film and impermeable layer
5 ZHL. A FHE A1 Chopped-up organic material
6 Trim &7 15 {\/ & Measuring position
7 WZE Trunk
8 FIH§HUBE Fish-scale pit wall
1 RWCI

Fig.1 Field engineering schematic diagram of rain collection and infiltration ( RWCI) systems.
a) Cutaway view; b)

Vertical view; c)

Field engineering picture.
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Fig.3 Vertical dynamic of soil moisture in fruit growing season.
CK: Fish-scale pit; BS: Bare slope; RWCI,,: RWCI 40 cm The design depth was 40 em in RWCI system; RW-
Clgy: RWCI 60 cm The design depth was 60 cm in RWCI system; RWCIg,: RWCI 80 ¢cm The design depth was 80 c¢m in
RWCI system. The same below.
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Fig.4 Temporal variation of soil moisture in fruit growing sea—
BS son in RWCI system with different depths.
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Table 2 Vertical variation of soil moisture ( %) in RWCI system with different depths ( May—November 2015)
BS CK RWCly, RWCl, RWCIg,
Soil layer cv cv cv cv cv
depth ( em) Soil moisture Soil moisture Soil moisture Soil moisture Soil moisture
0~20 10.6x1.1a 332 12.2+1.2a 355 14.6+1.8a 32.6 13.9+1.8a 33.4 15.0+1.5a 26.4
20~40 6.6+0.8d 28.2 10.9+0.9ab  29.7 12.3+1.3b 27.6 12.1+1.5ab 324 12.0+1.0b 22.6
40~60 8.4+0.5bc  16.4 7.1+0.5f 28.1 10.2+1.0bed  24.8 12.1x1.1ab ~ 23.9 10.5+0.8bed  20.1
60~80 7.3+0.5¢d  19.1 5.4+0.2¢ 13.0 11.6+0.4bc 9.0 11.0£0.8bc  18.7 9.7+0.6cd  17.0
80~ 100 7.1£0.5¢d  16.9 8.2+0.3def 11.7 10.3+0.3bed 6.7 11.4£0.4bc  10.2 9.5+0.7cd  18.5
100~ 120 7.2+0.4cd 155 7.4+0.3ef  15.7 8.3+0.3d 8.2 11.3+0.3bc 7.5 8.7+0.5d 14.2
120~ 140 7.4+0.5¢d  16.2 8.0+0.3def 13.0 8.7+0.3d 7.8 9.1£0.3cde 7.9 10.0£0.3bed 8.4
140~ 160 7.9+0.4cd  14.4 8.1+0.3def 13.6 9.8+0.1cd 3.0 7.8+0.3e 8.7 10.3£0.3bed 7.1
160~ 180 8.2+0.4bed  12.7 8.7+0.3cde 13.1 9.8+0.2cd 6.5 7.4+0.3e 11.4 11.2+0.2bc 4.8
180~200 8.4£0.3bc  10.6 8.8+0.2cde 10.2 9.0+0.2d 7.0 7.2+0.4e 14.4 10.7+£0.2bed 5.6
200~220 8.1+0.3bed  10.5 9.0+0.2¢d 9.9 9.2+0.3d 7.7 8.0+0.3e 11.0 10.9+0.3bc 7.9
220~240 8.4+0.3bc 9.0 9.4+0.2¢cd 8.5 9.8+0.5¢d  12.6 8.4+0.3de 9.5 10.9+0.4bc 9.5
240~260 8.8+0.2bc 7.1 10.0+0.3be 9.7 10.3+0.5bed  12.6 9.5+0.4cde 9.7 10.9+0.4bc 9.7
260~280 9.6+0.2ab 5.3 11.4+0.2a 7.4 12.0£0.6bc  12.4 10.5+0.4bed 8.9 12.0+0.3b 6.2
CK: Fish-scale pit; BS: Bare slope; RWCI,,: RWCL 40 cm The design depth was 40 cm in RWCI system; RW-
Clgy: RWCI 60 cm The design depth was 60 cm in RWCI system; RWCIgy,: RWCI 80 cm The design depth was 80 cm in

RWCI system.

The same below.
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Fig.5 Radial variation of soil moisture in RWCI systems with different depths in different soil layers.
a) RWCI 10 cm 10 em away from the pit wall of RWCI; b) RWCI 35 c¢m 35 ¢m away from the pit wall of RWCI; ¢) RWCI
55 cm 55 c¢m away from the pit wall of RWCI.
RWCI 120 ¢cm CV 14.2% ~26.4%:;
RWCI RWCI
( CK)
2.3
3 RWCI
o BS  CK
(CV) 0~60 cm
11-12
. Ccv X 60 cm
1 CV 2
BS CK BS CK
120~260 ecm 100~260 cm
11314 pg
220 cm 3 RWCI
_ (2015 5—11 )
Cv 10.5% ~33.1%; CK Table 3 Correlation coefficients of soil moisture and soil
200 cm layer depth in RWCI systems with different depths ( May—
CV 10.2% ~35.5% November 2015)
BS CK RWCI, RWCl, RWCI,
Soil layer
N RW- depth ( cm)
CI RWCI 0~20 -0.67 -0.84" -0.86** -0.89**  -0.84"
( 2) 20~40 -0.49 -0.53 -0.76" -0.87** -0.77"
RWCI 40~60 -0.54 -0.39 -0.24 -0.86** -0.73
60~80 0.22 0.44 -0.29 -0.33 -0.68
RWCI BS 80~100 066 062 036  -070  -0.68
CK 100~120 0.70 0.83" 0.67 -0.39 -0.22
RWCI 120~ 140 0.93** 0.95** 0.71 0.03 -0.54
140~ 160 0.89%* 0.96** 0.87" 0.64 -0.47
160~ 180 0.91** 0.95** 0.71 0.89** -0.05
180~200 0.82"  0.98** 0.78" 0.94**  0.88**
.RWCI,, 200~220 0.94%*  0.98** 0.77" 0.93**  0.96**
0~60 cm CV 220~240 0.98** 0.97** 096** 098**  097**
24.8% ~32.6%: RWCI 240~260 0.96** 0.95** 0.90** 097**  0.97%*
. -070, 60
260~280 0.77 0.60 0.95** 0.97**  0.94™*
~1 10.2% ~
0~100 cm cv 0.2% Average 020 059  -012  -053  -0.59

33.4%; RWCI,, 0~

* P<0.05; * % P<0.01.
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