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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 Xiao-lin'", ZHAO Xi-
ning”>*, GAO Xiao-dong™’, WU Pu-te"*?* | MA Wen>*, YAO Jie’, JIANG Xiao-li’, ZHANG
Wei'* (' College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling
712100, Shaanxi, China; ’Institute of Soil and Water Conservation, Northwest A&F University
Yangling 712100, Shaanxi, China;’ Institute of Water-saving Agriculture in Arid Areas of China
(IWSA) , Northwest A&F University, Yangling 712100, Shaanxi, China; *College of Water Conser-
vancy and Architectural Engineering, Northwest A&F University, Yangling 712100, Shaanxi, Chi-
na; Baota District Fruit Bureaw, Yan’ an 716000, Shaanxi, China).

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 cm 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 c¢m 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 RWCl, 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-
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mum infiltration depth of water under RWCI,,, RWCI,, and RWCI,, was 80 ¢m, 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,,, RWCI, and RWClg,, respectively. Over the whole growth period of apple tree, the maxi-
mum value of soil moisture content in the 0-300 c¢m existed in the RWCIy, treatment, followed by
the RWCI,, and RWCI, 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

TR e E WAEKRE WERKE
Depth Soil bulk Saturated Field moisture
(em) density water content capacity
(g-cm™) (%) (%)
0~40 1.13 29.2 16.9
40~80 1.25 28.8 17.7
80~120 1.26 28.3 17.8
120~ 160 1.33 28.9 18.2
160~200 1.23 29.4 18.9
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1 RWCI &% H[a] T K 7

ZEARMK HARE A 2R E S E RN
TSI, HLRBRE AR & PR AR I, (RN /K 4 4 3
REAK T, ELARAR DX, — g i 8 ) a1 o R TR 1l P
(TR 1 N 7w 12N R WA NP € % o811 W b TN 1)
RISty 1 24 b g R K 8 R FH 36, b aod 2
PR AT LL3E i RWCT R G0RMA HL T K.

1.3 il{Eikit

AGRE T 2014 4F 3 H 5 i 4 5 e g A Y Ja)
W RE (15°) 5 b W 5 S SR b E AT A AT, 50 b
7 h WFFERA S 21 4528 AR 1L M 2T & + ( Malus
pumila) (BGA . /\BIFEHE) , FIAE N 5 mx4 m. 7E
G HFEHLIEE 16 R FF 24 00 SRARAE i ge
BEIRB AR T B AR R 0.242 m, EIR & 24
3.45 m, PR EARZH 5.19 m. R HBEHLIX 4L
W, L E 5 AN AL EE, AN EL 4 R E R o,
RWCI Zb B % & 3 4~ RWCL,, (&R 40 em) |
RWCl,, (% i 60 em) , RWCIy, ( #% it 3% B
80 cm) ; XJ FRAL I E 2 A, YT (CK) FH 56 R
Fel PN 5% B M ( BS) .RWCT R G A ik T 2014 4F 11
A AR R T3 S 4T e, 78 DU A AR
IR 130 em Ab £ 47 A HL (BIRAS 54 R
HRUD) AR T, B2 Y 80 emX 80 em I 1K/
4 Hb S el K 3R AR B AR o, TR B 40 ~
80 cm , R GEA VLT 38 B HBOML Y KARET , #R

%) Legend

1 34T Soil surface

2 27 1E Catchment area with black plastic film
3 5| Jit%¥ Drainage device

4 BB Z Plastic film and impermeable layer

5 TS RS Chopped-up organic material
6 Trim 457741 B Measuring position

7 HZE Trunk

8 TUMEYLEE Fish-scale pit wall

Fig.1 Field engineering schematic diagram of rain collection and infiltration (RWCI) systems.
a) T & Cutaway view; b) 16 Ef# Vertical view; ¢) SEHbEL R B Field engineering picture.
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Fig.2 Precipitation in experimental field in Yan’ an in 2015.
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Fig.3 Vertical dynamic of soil moisture in fruit growing season.

CK.: fufifiab i Fish-scale pit; BS: #EEHHb Bare slope; RWCl,,: RWCI REIF A 40 cm The design depth was 40 cm in RWCI system; RW-
Clg : RWCI ZGHTHEE 60 em The design depth was 60 ¢cm in RWCI system; RWCIg,: RWCI B BATREE 80 cm The design depth was 80 ¢m in

RWCI system. FId] The same below.
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Fig.4 Temporal variation of soil moisture in fruit growing sea-

son in RWCI system with different depths.
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)2 B FE RWCT BE I 55 14 hn 4 498 5 7K 328/ 7E
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T 43 S K R RWCT ZR G835 B il 1 in i
B, SRTTTEZ )2 N RWCL, A B i) 435 5 KR
i3k B 5k, R R AT B2 R T RWCL, 3R 506 S 4l
WP E ORI, T 20K 43 59 171 128 s 6
2 s RWCT, Il RWCT, A 4 38 35 /KR Bifi -+ 2 VR BE Y
HEMm Uk /N, 7EBE RWCI BE 35 em 4k (€] 5b) , RW-
CL AbBETE 200~300 em + )2 N B K H a0, 78
100~200 em - )2 P 85 7K R 5 Al ; RWCT, 4b 3
T A K R A Z R A G I T RWCI,
AbFER A48 5 K R B S AR R E, RIRE + 2
VR FE BN 8% R 7R R RWCT BE 55 em Ab (8 5¢)
% RWCIAL B 2 ] + 3 5K R £ 5 A8 B2 i

K2 TERERWCI ZRETESKEMNEETN (2015 F£5—11 )
Table 2 Vertical variation of soil moisture ( %) in RWCI system with different depths ( May—November, 2015)

TR BS CK RWCI,, RWCI, RWCI,

Soil layer wkFE v RESS cv RES cv kA ey LS
depth (em) Soil moisture Soil moisture Soil moisture Soil moisture Soil moisture

0~20 10.6+1.1a 33.2 12.2+1.2a 355 14.6+1.8a 32.6 13.9+1.8a 334 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+0.5¢ 28.1 10.2+1.0bed  24.8 12.1+1.1ab 239 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  15.5 7.4+0.3ef 15.7 8.3+0.3d 8.2 11.3+0.3be 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 144 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+0.2¢d 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£0.4¢ 14.4 10.7£0.2bed 5.6
200~ 220 8.1+0.3bed 10.5 9.0£0.2cd 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£0.2cd 8.5 9.8£0.5¢cd  12.6 8.4+0.3de 9.5 10.9+0.4bc 9.5
240~ 260 8.8+0.2bc 7.1 10.0+0.3bc 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 53 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.: b Fish-scale pit; BS: #EE b Bare slope; RWCl,,: RWCI RELIH IR 40 cm The design depth was 40 cm in RWCI system; RW-
Clgy : RWCI ZGE IR 60 cm The design depth was 60 cm in RWCI system; RWClg, : RWCI RS IR 80 cm The design depth was 80 cm in

RWCI system. | [i] 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) i RWCI B S 10 cm 10 cm away from the pit wall of RWCI; b) #i RWCI BEH B 35 em 35 cm away from the pit wall of RWCI; ¢) i RWCI B

5 55 cm 55 cm away from the pit wall of RWCL.

RWCI RS X 2 55 Ak 38K 43 1) 5% i A /N a8 o 1
. BAARTE  FE RWCT R G0 P Bk, 38k
I3 o3 ARG F A SR (CK) |, 385 /KR 3
TRB G 2 U8 B (A 18 0 2 14 i iy 3.
35K o B 2 A Ak T B T R R A 2R
T AR A RO — 8 S ke - 37K o025 A BE 11
AR SEFREL(CV) KW 545 12 5K/ 1 T B ARk
FRpEIR Bk A K F N, OV BOR, - 3ES KR AR
FERETRZL; CV /N, 3 E KR RR E . AR 2 W] L
L AR T, BS Ml CK &b B 5 T Py 43K
AR AR S ZR BN - J2 VR R 1 1 o 2 3 U A 10
G 25 VR B B I, K Fhae " BS
Ab P A HE 5 K A AR A BB R AR AR 220 em DL L+
EWN, H3EEKE CV ik 10.5% ~33.1% ; CK AbFHE
BRI AL E B R AAE 200 em DL bR, 14
K CV 3K 10.2% ~35.5% , X 7] figfe i T— 7 1
L X RAER R, — AR E T+ H
T BEEAA  FRZK N B BE BTSSRI T RW-
CI #E5 A2 IR, RWCT Ab B + 397K 43 B 4E 78 5 R 5L
B - SR B 1 2 B S /NS B R (R 2)
UL RWCI #5 it 20248 T R )2 1 HE K 0 19 B e 1.
RWCI &b FRIR)Z 58K 7 )22 S5 R 408/ T BS il
CK AbFE | U A RV 2 7K 43 B RS 1k o 4, A
AR T RWCT H AR i Z LA HLE SRR T
KR BHE T HK o, BARE R ROKPE R | B 22
M REL b IR Z e K 43, I (IR )Z 38K
O30 AR AR 35 U /N 25 . RWCL, b 3+ 398 55 K
RAAY F B RAAE 0~60 em + 2, CV 284k 5
9 24.8% ~32.6% ; RWCI, Ab HH + 3 5 7K R AR Ak %
KHEAE0~100 em )2, CV ZALIEF R 10.2% ~
33.4% ; RWCI AP 38 5 /K R ARb 2R ETE 0~

120 em )2, CV ZE(LIEF R 14.2% ~26.4% ; 7T LA
B, S KRR + 2R RWCT SR
RSB PN
2.3 HHESKRE TR RIATE R R

3 BoR T ARFRE RWCTALBE N4 )2 35
IKFE R R Z B H 56 & . BS F CK b BEFE
0~60 cm +ZHHIEEIKFE + 2R E R AAHK,
R A 1 B K R Bl A J2 R B 38 N I 98/ s 7E 60 em
IR L2, B EoKRE R E R IEACH: Bl 4
B K B 1 2 VR R 36 iR, BS A CK Ab B
3 7E120~260 em 1100 ~260 cm 12+ 45k

*3 AEARERWCI RE&EIELTEEKERELRRE
BRI X %L (2015 £ 5—11 A)

Table 3 Correlation coefficients of soil moisture and soil
layer depth in RWCI systems with different depths ( May-—
November, 2015)

TIRRE BS CK RWCI, RWCl, RWCIg,
Soil layer

depth (cm)

0~20 -0.67  -0.84* -0.86"* -0.89"* -0.84"
20~40 -049  -0.53  -076* -0.87** -0.77"
40~60 -0.54  -039  -024  -086** -0.73
60~80 0.22 044  -029 =033 -0.68
80~ 100 0.66 0.62 036  -0.70 -0.68
100~ 120 0.70 0.83*  0.67 -0.39 -0.22
120~140 093 095"* 071 0.03 -0.54
140~ 160 089 096"* 087°  0.64 -0.47
160~ 180 091 095"* 0.71 089  -0.05
180~200 0.82*  0.98"* 078*  094"*  0.88"*
200~220 094 098"* 077 093" 096"
220~240 098 0.97°* 096" 098** 097**
240~260 096 0.95°* 090" 097°* 097**
260~280 0.77 0.60 095 097°% 094"
M Average 0.20 05 012  -0.53 -0.59

* P<0.05; * * P<0.01.
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IR B IR B T 3 B i 7K. RWCT AP IE
TR O IR 5+ 2 2 L BS F1 CK Ab PR TR,, RW-
Cl,, JRWCI, Fl RWCI, AbBR 435 K K5 4 2R R
Z[6) 43 HIHE 0~80 .0~ 120 A1 0~ 180 cm +JZ N E
FHE, I H AT HI7E 0~ 40 .0~ 60 F1 0~40 cm 1 24
RANEIRBN T 5 25wl il 2 7K 5 43 3IHE 80,120 Al
180 em LA'F L2 R IEAMH KK R, IF H 73 5 7E 140,
160 F1 180 em PAF £ )2 K8 T b 3 5tk i K7
MEEA T JZHOC R B BB AT LA 1, BS Rl CK 4b
B A5 KR B 2 TR B 1 15 o % A S 04 0 1
B CK AbFE 4 398 55 7K R B 1 )2 TR B 16 T e 3 v T
BS 4B AN [EIREE RWCT L3 4385 /K R £ )2 3%
JEE T 8 o A 2k 3o i ) e A 3B U1 IR 2 B RW -
CI R BE B 3G i3 . v] W, RWCI Ab 28 12 MR PR+
gk oy SR B m TIRE L

3 itit54ie

AT R, B 4 BRI AR X 20 ~40 cm &+
oK FEEEAE)E , (BT R AR 2R
TE 40~60 cm 2N AHISE Bk, Bedb i 1+ r
iz X FR 5 SR Bl P9 40~ 80 em J2& /K 43 Al N A
2 FEAE 60~80 em +)2, IF Hiz + 2 R 5 K&
LT EE S (BS) |, R 1] BB i TR AR R
FEAZIZEE T o, S B0R)Z K o )3t BT FE. 2E
AR BRI R, AR R K R AR
TREEDN 60 cm , AHHFE A5 AR [R] 9 2538 AT ABE
FATLAE T A — e M EKRE ), TE N 2R
K] 4 R A5 T, SR 8 1 8 D DX R 7K 5%
YA AN A SR e, AR R R
AR RERE K SR N S N A] N f 0 b A B A K 4
7R R ARSI R 45, DR L, — R D )2 148
IR MET S K TR

MKEREZEAB RZG(RWCL) ZEH5 TR KB
VEALBRIE 30 44 2 R R AR O , AU 1) R AR B /K
VEWE K B AT R E T R AR R DX, AT 52 1)
Ko e R AR B X I 43 A BEZS K IRZE Bpik
AR BATE S B A 5 D R R SR e R K 5 TR A A
FHOA R . NASBIE 5T 0] LUE H, RWCT H R R
R 56 S Y K o i, 9F HL A RWCT
Qb FE A 3K A8 AR 43 ) R B EAETE 0~ 60 em ( RW-
Cl,,) .0~100 cm(RWCI,,) F10~120 cm(RWCI,, ) +
JEP X 5 R AR R A FEES3 A X I (0~ 100 em) FE
AR—FHO T I A K 43 AR b 5 R AR B A
HABYI KR TE0~100 cm + 2N, RWCL, AbFH

KA BB B = T RWCL, Fl RWCI AbH
VLA RWCI, BETXF SR AR X 4= 467K 40 1 B ik dee K,
H A2 S AR 5T (CK) AL 47.9%.

TESRBEAS ] A2 K o B, RWCT 2R 4t 6 46 T AR
EKFCRANR], Bedb 8 £ i JR L X 5—7 H BE W 44
A EHOK S BARA T IEFER B, 4 RWCT Ab 3
5K S3-HB B S ] ) HE RS T 90, (H 2 - HEK 4R
AL I 2 T A YT AL B (CK)  7F 8—11 A, 4
BIE AL TR I 8 A (MR R B2 bk
FIZTH ) 2 AR K SC B 0, 12 I 0T I W R A -
RETE AR, RWCT 2R Ge%t 4 RN A9 35 R R 38 R, A
e 5 AR B X J £ 398 /K 20 3 SR W AR T CK 7
RWCI EART, 2R bl 587K o0 A8 1 fie KB BE 1 43
%13k 80 (RWCI,,) 120 (RWCI, ) # 180 c¢m ( RW-
Cly,) , B FH R T AL B (60 em) , Hirp 387K 43
AR e K 1Y )2 FE I BAE 0~ 60 (RWCL, ) |
0~100( RWCI,,) F1 0~120 cm ( RWCI, ) . M#& A4~ 0~
300 em 55+ 2K F , 4 RWCT A HLR fE + 1k 43
R Tt (CK) kb3, 35 KRB 1
CK 5 17.1% 12.2%F122.3%. 7] W, RWCI RG1EH
14 1 FH B S A 6 2 SRR A2 AN A N K 43

RWCIL R G0 REME AL AL 1 SR 7K 4375 SR Y G gk
TETIZRG AR TR ERC L Z LA PUE IR,
AT R RHE 58 T 12 R G0 0P WSS RR K SR IR /K I PR 5
B 77, 1M H e 1n) SR AR B 3L 257K 73 % &R
GrrhIH TR 2 FL A DUE IR 5 1Y S5 RE A 2 i Hh R
W, TR B4 ) SRR ke 45 R B KR A AT, SRR 4% (1R4E
FEB R AT ) B AR T2 BEfe U5 A K A SR
BB, FORFEFF (FEAE KRBl et ) 1y 3R BOR AL
B2 MR Y oK, X RE RE R TR T RR R Y i
iy A OB IR T B BIR B i HLSE B T AR K
(LR, 0O0) ¥ - i D RN 5 S el ) 28 % A% 4 1
AR IR AL B i B — 2 B . RWCT &
S ) W 7 5 Bl A 5K 4 10 5% i L 55 SR A AR A
FE AR R R DL RS TR AR K By BERE K R iE S5 [
REYIME, M7 AT IR A MAFSE. RWCT R4 2
— e R 2 0 S AR T B — R R R IR
SEH AP E BN S BRI IR RBET X B
R SRR K B AR FH 2SR AT PP A DA . RWCT
RGO R B SCHEAE .
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