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1.1 HREXER

(7 Sl I R (& W7 I =105 N = Tl A N A B T
(107°30'~107°37'E, 35°41'~35°44'N) [¥] 2 443 S ik,
AbTHVAT T Ui SRR PR, JE R A AR X Y (] D,
TR FIZE RS 20 tHad B r 1K L8 A iE BRI IR
. 29 P¥AE 9.3°C, f A< 39.6°C, K< E-22.6
C, mAHUEZE 23.7C, FiiZE 622 C, T 155d.
Z A2 P B 556.5 mm, i KFE/KE 805.2 mm, Fi/)
P& /K 2 319.8 mm. PILIRTEAN 4> 5N 0.87. 1.15 km?, ¥4
£ 1500, 1600 m, ¥giEH[% 10.67%. 8.93%, VA ]
b, A —IE 40~60° HIBEIAI KT 60° &
BB OLBE; VIR — RO R ECEY A . (LYo
+, THE Lagiem®, NIEIEL . VRN &ARAE SO,
MZE I SEER LR MBS, L A
8L, TIPSkt R RE P . 20 T4 50 AR RIATFIGE
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R RIREE R E . BRKE, 14 60a i EL, P
WA MAE B T RERNTARE CGRIFL. 1A Wk,
LR, UKEL, ED SRITEERHAE PR (SR,
UKL EED, H AR A A R B AT LN
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Figure.1 Location map of study area

1.2 RIF5E
12,1 #RE@FRNE 7%

TEMZIE ) B0 GRIEGE M 74 3k 200~300 m).
NF (FEVAE 200~300 m) Ak — A P (R,
45~135°) S5 -PHYE (Y, 225~315°) 1 LRIk T
(4 7%, & B AR FAHREF— 2 IR 1150~1250 m.
eREE 35~40°, Hi 25~30 m [A], FEPEFE 50 # IR
(60%~75%) M (30%~50%) 5E 7 (80%~95%).
NARIE BRI SWC AT ELE, FRE A% 5K V8 55 AL 3 T 1)
XAL, . . Wk, MRS A R — — ik
P 1 0 RS TR (4 2%, 3T R AR B4 55 BEAE 70%~80%
(6] o AR Ji5 T VPR IE 3 4% B 28 3 T 1 v e s b g 1)

F 8~10 m MKXHAEIRE « . SRS . MK
VS RE SRS AR S AR PR FE 3 m LA E 2R 2 DAY/
Tt J2 B B K HI R
1.2.2 RHEFik
X LA FE PR A 3K 4y, MR ZE S FE KT
KREHERE 8 A AURME RN . EMFRINSEE
VA BT X BRI B 4 d RIRER BRE—IR,
2016 %E 8 H 2 H#E 8 H 30 HILKAE8 k. 4 cm L4k
7E 0~120 cm 3R N 43 9 JEHUFE(0~60 cm 3% %R 10 cm.
60~120 cm VR E 20 em fEA—2), BEHL 3 MEER
e FRREURE G R B G FE SRS bR, T R
JSLE 2 HI T OCHORE R
1.2.3 #H&mnRF ik
SRAEJE SRR R SRR R, SRR E L K
AR HFESE 105°C iRt ke 12h Z4E &, Wi &5
THE IR IR R Bk R, B 3 ADNE AN -FIEE
IR
1.3 ARG
1.3.1 FIBEAIELS 547
K Excel2010 #4705 %384 5 4 it i@ it SPSS18.0
PR R T Z M SRR T 50T LIRS /K E R
ZE S VEARTES, ERR/N TS ARG v (LSD ¥R 3T
ZHEIE, SHERERLR S 2487 Z R0 Hr /N sk
&2 A H o SWC 7 [A] 5 ) B A2 4k i g2 e . fd A
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HERAERN 0 02 VK5 Oy RFE R 158 n UCRFEEE | JZFEAL I
SWC, hj 2 hHERMES | 2 LERE, cm: H 2 1%
RFEEREE, cm.
2) TR R
CV =SD/MN x100% (2)
KH, CV & SWC MR RE, %; SD J& SWC [1hnifE
fWZ: MN #& SWC “F¥IME, %.
3) K RIRAR 2 R
NT R T FVE 5 VA HERE A5 R] Y K
oy 7E, i RBOK AR 2 RN . KR
AR 22 R BOR IS X AL, Wil fr. HJEH SwC
2 ZE S HP YA ARG B o0 B, RERE S W T R
HERE S0 Ky 22 S, R HP I ARAE AL S REE Y
Tk - 190 R S AR IR AR e . AR FETR AR
— B, IR LI SWCEAS I, HREARIT:
DRSM = (6 —6y) I [(65 +6y) /2] (3
Hr, DRSM £#5 (Y) MXtTFEAE (D) [+
IR IS 22 RAL, Oy Op 7 ARV #E R —
TR SWC.
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b.Coefficient of spatial variation

E: SWC RHIEE/KE; CVs R MG /KEZ MR AL Y RMEIE: D
SR *RNIE 0.05 K FEREE: T,
Note: SWC is soil water content; CVs is coefficient of spatial variation of soil
water content; Y is the catchment of Yangjiagou; D is the catchment of
Dongzhuanggou; * indicates significance at 0.05 probability level; same as
below.
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Fig.2 Mean value and coefficient of spatial variation(CVs) of SWC

Wik SWC 73 [0 A8 St & 23 A AR S R B e >
T, RY<VUHE, BIAIAR TR AN Y, SR
TR S Flmn, 28R REE 25.15%~30.62%
Z I8 _EFE35), 50~60 cm )25 k. I AR R4 B
<FUE, RIE<VUHE, E <HIH<HIE, BRAIE S
JB B TR AN N AR S, WS 3 SWC B[Rl AR e
PR 22 45 1 2 I R AR 5 2 250 38 AN R B (R DD

M5 Vg SWC Bk 8 H 22, 26 H iR e T i
Gh, HATH> Bl B, FifRERARE. Bt
b, 5. JUM B SWC Nz m T Lifs 2 B
P AP S BB, B> R Bk, A3
M /KFE L A ¥ K RS Rl SWC Z8E, 1
TR 5 EWHN SN ZERE B 8 A 26 H A4 SWC
KR >vaY, WA (8 A 2. 26 H) P\ SwWC
BAEE, FREETR. AP T (8 H 10, 22 H) ZFE
Ko AFBAL SWC AHLL, 3B > E > H, 4352
WAIE R 1.25. 091 5 0.84 1%, B2 8 H 30 HANH A&
FERIE R 535 T AR AL, BH 3K 4 A A2
HITH N, SWC H 2\ R 2= 7% 100 cm AW R %, 100~
120 cm 2% EA (R D,

2.2 FERETIEKSEHE

VA SRR SWC HKIKCH 15.18%.  14.99%.
13.59%. 13.42%. 13.32%. 12.67%. 15.86% 5 15.90% ( ||
22); A MYESMA EADT T R (8 H 2-22 H) H S+
(8 H 22-30 H) 2 M id#E, 1H 2 ANt RE il AR fb—2L,
HRSeR (B T Ja%E (B, TH.

SWC FiiF>"Fiif, BRI ™G 8 H 26, 30 H &
FER L Rl ZE R R . AR SWC ML, K>
PE3, Br 8 H 10, 26 HAMNSHERBH M ZE R EE (P<
0.05). %3 Ar SWC AH LLIE I > 3 B> 38, 730l /2 s
YIER 1.18. 1.01. 081 f%, HERALEZE. (P<0.05).
SWC ¥y m FeHE T (0~20 cm) J AW BTt
(20~120cm) (£ 2),

SWC 7% [a) 45 53 R AR AR <20%4h, H KW
1E 20%~40%][R1 254k, FUE<< T, RIF<PUdE, W<
I A <3P, I D 1) T S K (0~60 ecm) F/) (60~
120 cm). FiF. $UB . 40 cm LL K 12 SWC I [H) A8 7 &
HRT 10%, EHSEAR, mmik b R D 3.
W (D 5 40 cm UL ELEWESHAR, HEKSSE

inY and D B 4% SR AR E
*1 BFEATESKENTEESTERAN
Table 1 Mean value and coefficient of variation(CV) of SWC in Yangjiagou %

GUTHFEAE F-Jif
Statistical

N R (i3 WoR WU W
Upper Lower Eastern Western Shoulder- Waist- Toe-

+ )2 Soil layer/cm

feature reaches reaches slope slope slope slope slope

0~10 10~20 20~30 30~40 40~50 50~60 60~80 80~100 100~120

¥iE 1110 1191  11.89 11.12 9.61 10.47 14.44
AR RE 2747 1950  21.02 27.02 1337  14.33 12.80
AAAR S R4 1157 1244  8.83 14.29 9.75 14.28 10.76

1454 1387 1279 1165 1110 10.93  10.39 10.32 10.89
2733 2548 27.15 2998 2994 30.62 2789 2515 27.33
30,51 2893 2163 13.68 1200 10.67 10.37 7.10 6.78

2.3 LTIEKSHIXTEE AR
MxEEHE W SWC NFEENE, HATEEDN

72.04%~87.56%, & 8 A 2 HANHRIENZEREE (P
<0.05, 2a). %% 8 A 2 H SWC A FEREWN
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87.56%, S5 f¥zir; 8 H 3. 6 HiKX 0.8 5.1 mm 1]
B RN R RERCE B I, SWC R RRII#a%, 8 H 6 H SWC
739 T F% 1.36%55 0.19%, Fi5 /b 542 )5 #1716 fi,
NEEEEE M 79.58%, Wi ZHEb K BE
Mz SWC £ FE VA i) 78.15~80.94% a] 50 . 55 =B
EXIE MM 500 . Y SWC BT RS> I N T 3.15%
5 3.18%, R INHEIES R G 1 84.58%; (HTE/G4:0%
LS 29 H 0.8 mm PR AISZM R, A& 8 H 30 H
SWC BRI T T 1.96%, 1 f5& AMBRA mE FT,
XAFRTEHE— P T RE G H I 72.04%, ZRHEEIH K,

%8 J3 10 H 4k, SWC = [ 22 5 R B 58 <H
P ARA S HE AR — B, (H TSR R ¥ A A ) AR
PRGBS W]E (& 2b),

PRI SWC It [R] 22 57 25 507351 4 10.99% 55 8.76%.,
W 2% 3K 7 23 18] 23 ATk S R N B0 A e PR A 95 T
.

FE T S5 SO SR SIS R - 2R A
SWC % 5 502, 7E MR Fl S0 R R (2 B I
NIME BARYRE /INRIR ) SWC Z2 BEAEANR] X B 7]
Pifi 5 L7 ERAZA ANFEIRIL

®2 BEEATRSKENFHESERRY

Table 2 Mean value and coefficient of variation(CV) of SWC in D %

GUHFE ot T FRI [iE2 B i I + 2 Soil layer/cm

Statistical Upper Lower Eastern Western ~ Shoulder-  Waist- Toe-

feature reaches reaches slope slope slope slope Slope 0~10 10~20 20~30 30~40 40~50 50~60 60~80

YA 15.60 13.13 15.88 12.86 11.80 14.34 16.96 1203 11.63 1202 13.01 13.74 1448 1521
AR S R E 25.66 32.10 16.91 39.23 20.35 29.17 2713 2127 2763 3563 36.02 3646 36.97 34.02
I IR A% e R A 7.48 11.55 9.55 9.46 13.72 7.59 756 4385 30.86 1511 1176 953 728 465
2.3.1 BAREEEASI AR 72 R AR EE R R 1) N TS AN [F] 35 1)

Mg e 5 E VAN X B SWC AR EL, _Eiif 2 R,
T ERAEZE (P>0.05). 3K msAr 2 250
1f 23.02%~44.75%(8) 454k, 8 H 26 Hi/)h, 8 H 10 H&
K, PIMH 33.98%; FIFTE-7.79%~26.60%2 [8], IMEAL
A 9.80%, J& Lt 28.84%, 8 H 2 H# %14 i SWC
s T H#E, 8 H 30 HWi& Fiif SWC HERZ (& 3.
FHAN A X Bt SWC s 2 2 BBt () AR mT 0, #5308
U SWC i) Rl S R E v, MR R,
T K T AR . SWC SRR ML,k
W5 NI R FIG<HEEWE, B FFEERVE; 5
ARSI RS, S XBATE ST A

HE VI HE SWC B> R, EZERIE 20 cm LA
T2, H_EWOm s A b3 S5 58 SWC 5 R il
T E A I ZE BE T K . I 72 BT R AR B T FE T35k 4y
AR, AR E SWC A T 8wk, IR H
Wi N IR, VAT AR IR TE U R A T R
T, T A T [ 8 T e 1) 3k AR J2 387K 4 T £
FF 3 398K o BB R K, T VARG T R VA 38 2R
AN T 38K o M ZEBUREAE,  RmR T iE K
FOHEME, 8 REE A7 SWC _EiF> Filf. 578 T4k
K FEARAE I E 3K &8 AT 5 5ok As, BWr~
WILR KRR, FiFRHIEEZZE (0~40 cm) &/KE
Fim T L, HIRJZE SWC I T i 34 78 B 45 Ja 1T
SR, ATRETE T R A i R AF MR A 5%
7= A 1 S B 1) 25 R R A FH R 2 sk TR 2 3K
I 7R R HE -
2.3.2 B¥&3EAKayst

[ —4§m SWC M5l <#HV4, Bk 8 A 10 HAMH
IR SWC 2 7 3, M v & PR ZE R A B3 (P
<0.05), R KA 2 RECTFI(E 28.62%, 7Y
WA 14.83% (3K 3), XM, Ph3 A [A] 358K /i3

IR AT RE AR, 2) LK 2 RE K B
WA BEbh R BN TMREEVE 3 B . 2 R BAR R 2 I3 1) 1
AR T RS FK I SWC KT,
MR FE B2 AR B T LAk, It
FOR WSS T 4% B R AR A 2B (V3D BT
O, BV 0 2 BH 3 ) - 3 2% R R T AR B, 3X
o 222 S 1 28 R VR Y A D A A R K 22 R R ) A 3R]
Ko AR 2R VI A B3RS T AR R BE I 55, —
R L SEMRE AN 5K EZR7 B EmMIEH AL E
(P<<0.05) . A, [H3B AR P58 e (1) B 1 5 e A 4 5 T
HABE—RYIE TGN, KT K HFE, X
AR R K B, o RS A, R
VA VAR B 0[5 = P 3 K 435 O AR A T s B RIS T
WL PG K RE, e — e LRl T 5E
FEVAVEIE ) SWC 2% . Pk SWC 25 [ 48 5 R EAH EL,
RYHTE > 5%, VUYAHR, JE& AN SWC 25 )47
SMEERRRR; KRR SS KRB KA TE S, MR
R HELWR. AT, BB THER.

2.3.3  B¥rAs X3 Kotk

BT SWC MR <R, B, B, 8
SWC Wil A4E 7 R EC-F- BB 7 8 16.22% . 35.23% 5
19.09%, MR K TR S &3 A7 SWC s
B TERBPI R AR E, 8 H 2 HIM. s/, 8
H 26 H¥ B &/, FENNBREAE—E R RIkds A Tk
e KT (R 3D,

XoF Bb PR RIS A 1 A ()R S R4, R 8 H 10 Hj
ME. B MK > AN, ATE RS IR &A=
V) A8 S5 14 35 /N T 5 3 [) — R R R0 R A o i 8 2 ) AR
SIS I E >, S R I > S > 308,
5L R, JE R 2 SCHR[23]WF 7t 40 m X 280 m
BB 40~200 cm -2 B 3K a0 A, WE T
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MIRFE RIS T RSIAER . EAMR (R
W K igsh Rk M K rissh B 2. 248, 2R
SWC 7 [A) AR S M 25 3 Ar e K S R o B T30 10 R 7K PRI
e NIEE, B8 LK RS B RN I [A] 5
HEL /N TS, JUH/NTIHE, FitE s sSwc
REZARTHIE S, X PP I SWC AL 7 Ak =
TE K5 SR F U R . 38 SWC B35
(P<<0.05), X Rt I3 JH MR 5 B 2 B 50 A7
AMEZERER, bR 2 1848 5 5] ke 3 2R UK 1 2 )
A, &G SWC 2 (AR F PR K. T3k BRIV SR 3
T Y 7K FH M 3R 15 B B () 5 5 2 A R B T b 2, AE X

B ) SWC B FE st R T N TARFIFE K AR, — M
P Q1T oW NI N2 58S 5 313 e N = 3 1 18 = 8 I 0 A
R - K 23 2 B ) A AL vk 55 T S OR , A2+
AR - 03 VAR S5 R IR LB SWC
FEANZ JR BRAEAK T SRARXT AR A R AR T A, ik
) SWC 2 [RIZR S F-Ho s (ESB I 39K 73 #5500
REATERRRE B L, R 3K 2 R A2 57 &
OB > 30R

PRI R A A 5 KSR IE i thg TS &
WAL SWC I [RI 224k, A2 VA BRI TR e e ik die 22, o
JRE 35 R TR R e PR 22

3 HFAMEEANTIRK S RIBEERKAIRTEI L

Table 3 Time variation of difference ratio of SWC (DRSM) between Y and D %
TiH ltem H # Date W
2016-8-2 2016-8-6 2016-8-10 2016-8-14 2016-8-18 2016-8-22 2016-8-26 2016-8-30  Mean value
KE - i 33.59 34.02 4475 34.43 33.72 29.66 23.02 38.68 33.98
F i -7.79 10.45 2.48 13.38 12.21 11.36 9.74 26.60 9.80
i HI 2352 25.14 21.22 32.75 28.37 28.03 25.95 43.98 28.62
[l 151 20.09 26.56 14.76 18.00 12.41 6.71 18.58 14.83
i 1.77 14.79 14.64 20.44 16.30 15.72 16.34 29.72 16.22
Hefir B 21.89 3151 40.63 38.35 37.36 35.28 21.95 33.28 3253
e 20.44 24.17 18.00 14.79 17.58 11.80 10.65 35.27 19.09
0~10 -14.86 -6.41 -7.96 -12.12 -15.48 -48.00 8.28 -10.67 -13.40
10~20 -5.84 -2.20 317 -8.50 -9.60 -43.61 0.80 -14.85 -10.87
20~30 2.44 9.56 1.66 2.67 -1.40 -28.08 -4.34 -17.41 -4.36
+)Z 30~40 7.08 17.94 11.46 8.15 6.43 -6.48 4.41 -12.82 452
40~50 12.06 19.28 14.87 13.05 9.96 5.49 12.46 -11.18 9.50
50~60 14.22 22.47 12.04 18.84 11.93 12.07 16.60 4.49 14.08
60~80 21.08 20.22 15.13 20.49 21.03 15.83 26.33 14.38 19.31
80~100 22.80 24.85 22.88 16.55 22.48 16.63 30.33 20.96 22.19
100~120 19.27 21.75 19.57 19.16 22.26 15.25 26.82 22.29 20.80
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Effect of man-made forest on soil moisture of different slopes in upper and
lower reaches of small watershed of Loess Plateau
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Abstract: Soil moisture is a key limiting factor of agricultural production and ecological restoration on the Loess Plateau.
The comparative study on the soil moisture under the influence of different ecological managements at a small watershed
scale as the basic unit of ecological restoration is of great significance to evaluate ecological effects and predict soil
water accurately. Most importantly, it is essential for ecological planning and layout. In order to compare the soil water
content (SWC) in the artificial forest watershed and natural restoration watershed and determine the relative deficit
situation of the former, soil samples within the 120 cm profile in the 2 basins named Yangjiagou (Y) and
Dongzhuanggou (D) were simultaneously taken to measure SWC of 9 layers every 4 days in August 2016. Both Y and D
were inside the Nanxiaohegou watershed located in the Loess Gully Area of eastern Gansu Province and the former is of
Robinia pseudopodia plantation, whereas the latter was of natural restoration. Of the 2 basins, the basic conditions such
as zone, slope aspect and slope position of sampling slopes and sampling points were well contrasted. The SWC of
different zones, slope aspects, slope positions and soil layers in each basin was analyzed by classical statistical methods.
And a new indicator, difference ratio of soil moisture (DRSM) between the 2 different basins was used to quantitatively
compare the SWC in Y and D. The results showed that: 1) In D, the SWC in the upper reaches was higher than that in the
lower reaches, the SWC in the eastern slope was larger than that in the western slope, its ranking in the different slope
positions from highest to lowest was toe-slope (16.96%) > waist-slope (14.34%) > shoulder-slope (11.80%), and there
was significant difference between the different zones and slope aspects (P<0.05). The SWC continued to increase in the
20-120 cm soil layer after a brief decrease in the 0-20 cm soil layer down the profile. 2) In Y, as the plantation consumed
soil water and regulated evaporation, the SWC decreased significantly and its distribution pattern was changed compared
with that in D. Specifically, the soils in the lower reaches and eastern slope were more humid than that in the upper
reaches and western slope, the SWC of the toe-slope was significantly higher than that of the waist-slope and
shoulder-slope (P<0.05), and down the soil profile, it decreased continuously first in the 0-100 cm layer and then
increased in the 100-120 cm layer. 3) The spatial variability followed the order of D (29.19%) > Y (23.51%), while the
order of time variability was Y (10.99%) > D (8.76%). 4) The upper reaches, eastern slope, waist-slope and 60-120 cm
soil layers were the main areas or layers with soil water deficit in Y, and the DRSM between Y and D was bigger. All the
above results revealed spatial heterogeneity in soil desiccation caused by the Grain for Green at the small watershed
scale and are expected to serve as the basis for the allocation and layout of vegetation in the ecological construction on
the Loess Plateau.

Keywords: watershed; vegetation; soil water content; ecological management



