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Effects of conversion of cropland to forest measures on deep
soil moisture in Loess Plateau
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Abstract: Deep soil water distribution has great significance for vegetation restoration and sustainable development
of agriculture in Loess Plateau. In this study, soil samples in a depth of 20 m profile under different conversion of crop-
land to forest measures (artificial Chinese Arborvitae forest, artificial Chinese Pine forest and apple forest planted in
1979) and cropland (as contrast) were collected. The soil moisture concentration, roots distribution and soil clay con-
centration were measured. The results demonstrated that the conversion of cropland to forest measures significantly re-
duced soil moisture concentration. Cropland had the highest moisture concentration (11.30% ) in the four types of land
use, whereas there are small differences of soil moisture concentration among artificial apple forest (6.66% ), Chinese
Pine forest (6.48% ) and Chinese Arborvitae forest (5.92% ) had little differences in soil moisture concentration. Soil
moisture concentration was influenced by plant roots and soil texture. Plant roots were the main factors affecting the deep
soil moisture concentration, roots through the suction effect of reducing the soil moisture concentration. With the increas-
ing of soil depth, the effects of roots on soil moisture concentration was gradually weakened whereas soil texture effect be-
comes more significant. The influence of depth is 18 m for Chinese Arborvitae forest, 16 m for Chinese Pine forest and is
19 m for old apple forest.

Keywords: deep soil water; conversion of cropland to forest; soil texture; plant roots; Loess Plateau
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Table 1  Characteristics of the soil sampling plots under different conversion of cropland to forest measures
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Name Vegetation height Landform positions Slope aspect  Slope degree Altitude Soil texture
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Fig.1 Diagram of forest land sampling point
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Table 2 Soil moisture of O ~ 20 m depth under different conversion of cropland to forest measures
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Fig.4  Soil moisture and texture distribution under different conversion of cropland to forest measures

18}
g .
= n
S 16}
X e
> o
3 2141
%3
peE-Rp1
i%;;; ]
H'3 u
g 10}
= . y=1.06589x-3.43149
2 gl R=0.84247
8 10 12 14 16 18 20

ki ki £ 4 Clay concentration/%

B5 Rib4m ATHESKRGHMESBEXR
Fig.5 Relationship between soil moisture concentration and clay

concentration in 4 ~ 20 m soil layer of cropland

NTAEHE 35 KR B2 Z R H R 15
M), AFF 5% DX ) S R e PR 3 O S 45 L g o
(o) FIRE B FE K o PR &L 6 AT 0, A AR B SE A
TR T JoT bt P B (B — 8 TR B 3 N AR
17, Bt VRS R38N, 22 B 2 sl N BIAM RS, 45
VAR SR B (B 2 B K1) - JZ R B 43 53R 2
~13 m(PUAIFR) (2 ~ 10 mGGHAAFR) 2 ~ 9 m(FER
M), BEITE IR BE 1) 38 5 7K RS2 A ARE K 5 1)
Ko B TREE (380, AR B 0 38 5 7K 1 5
BN o 38 LRSI A AT A B TR
HIEAFE K TR B2, N TANAAARFE K IR EE 18 m, Y
FABK A 16 m, SERARN 19 mo  H1 BRI (EL RN S0 (5 1Y)
ZEH, PR THBE 4 m 2 i RFEKIRE
PIFEZKEE 200 1 514.8 mm(fUAAAK) (1 015.1 mm
AR AT 1 252.5 mm(GESRM) .

3 4 ik
AT L 53 A ) AR AR 3 % I, AN [
PR TR 2 SR T AR 28 0 A1 22 S 30, o
MR ZR 5 2 e/ Iy, DA RSP SRR 2 5% B2 SR A [
DU AN [R) AR R TR )2 - 5 /KR R B, H I /KR
HASE BB R o 205 o ) b - 45 KR
EJREAAR R oA B T AR, AS TR AR AR R 1 53
ATE L5 1 B AR A AL — 7 A M. Qiu
2 2VBE g 48 R, S [RDRA W 20 (AR 2R 45 00 A 1
0~1m )2, FL T E K0 SR ALA
*. Wang SEI RS T B MR LA SR HL 0 ~ 5 m
P - 485 KRR L, AN R A 2R R 1) - 3 5 K R A
FEID 2 25 5 I HARGON T3S ORI MR, X
ARSI TR G5 R IEA—E
W2 IR E KA Z AR R 5, (6]
BN T HL A o JoT AR R R s e o R 2
BEETKR bR Y L 5 KR SE R B 7K R 1 il
LA, WRIE B 5 b o 4K A s ma A Kk, Iz
ZIJEAR AR K A R, AR AR
TSGR 252 -2 I BF T R W, R kL & 5

KRG 3 IR OC, 5 R A B A 3 TR G
ASBESE I i %) b - ORISR Rk

I REARE 15 B g b K RO i X A R
14 S R A0 0K S B S A R K RE T, SR R
R, R KBE S B 5E



134 TR A AT

o535 &

LK %
Soil moisture concentration
0246 81012141618202224262830

LB K %
Soil moisture concentration
0246 81012141618202224

LT K E %
Soil moisture concentration

OO 2 46 81012141618202224

0 o O
fill K14k Arborvitae forest 5L M #2 #K Pine forest L YL AR Apple forest
4 4 4t
6 6 6
£ g £
é 8 % 8k g_ 8r
= < <
Z 10 Z10} Z 10}
= i i
K12 wl2r fg 12+
T Hiat Hiat
16 16 16
18 18 18+
20 20 20

—— IR {} Theoretical value
—2— 52 | {i Measured value

—e—Fl i {} Theoretical value
—o— 52 I} Measured value

—¥— Ji 4§ {f Theoretical value
—— 52l {Ef Measured value

6 AREMEMREETFESKEINESHEELLR

Fig.6  Comparison between soil moisture of measured and estimated values under different conversion of cropland to forest types

IR T 4G S R AR K R T 12
me FAEATEEIE T A AR R 0 ~ 10
m T IE S K ARG W] el o AR AR BR 3
I KB EREAR, AE 24 a )5, BB L IE R
B, EBAEPBITAR Y 20 a B ER AORE K I
AR 19 mo B IRBIFSE 43 B Y 3 ) T K 43 RRAE 2
FEBEAEK TR EE AN 3 B oK 307 AT 14347 15
B T B K RS . A SR T
AR Z2 %5 - HEAK 23 19 5 I DR BE AT 3K 18 m, JHAR
MRISEMR BE A 16 m, SR AMEE TR EE R 19 m 22
Ao MASAANARAR R IR E S5 FEKIRE A —
2% , 3% —J7 TH W] g2 B TR AE 5 ik i s S S50
WIZPIMRBRARER, 3 —HHNZHE T 10 m DLk
() 3 S KRR, 45 10 m BLF IR S AW _E
N

H TS X T KA 3B IR IS 50 m, ANRERR A
Y, BBE 10 ~ 20 m +J2 07K 5> EZE L K A B
AN T 10 m LA _E A2 AR RS2 b ok 2 [
TRIR)Z 18K 3 A o MR 2R D5 M R JER VR G
1) BT E G ™ 5, BN IR 2 1 R HOK Sy,
B I K A 1000 mm P E X FERE R FE KA
MELLSEEE DR, WA BT AR R DR, 1A
AE IR ZI M F7 K TR IRSCR

4 %5 B

(1) 720 m +JZ A9 [l A 507 2 & 7K

RH > bR ~ TR AR ~ AR, AR 53O0 Ry
11.3% .6.66% .6.48% .5.92% , 4% W& K F &%
KAE N 19.02% , HILFE 13 m BRAL , 3ERAR G I KA
H13.61% , HPLALE 18.6 m BYTREE , A MFI A1
KA 300 12.31%F1 16.37% , 43 ) HEBLAE 11 m
119 m,

(2) RHMW T ES K TR, 7E0~20
PN T R S G O 2 B 3 R/ e o o 8 =
95% , H1 AT DA S M HE 3 K B AE 0 ~ 20 m 1)
I 2= T 1 454.7 mm,

(3) R 2 I S KR &R E LA M YAR
FAN T, AN R ) ) A R S e 3 B AN A
[F) 4ok 2 2P DA K S0 B8 HL 53 i 8 B8 AT PRy 18
m, IR 16 m, RN 19 m AT, fE0~10m
(31 AR R AER TG B, X R K i i K. B
TR EE (R BE I, AR ZR 060 7K 43 () M 30 S 0 55, o b A —
FERREE bR I KA BRI R ey, 13
IR AL R

2 % X #:

(1] F A . B /NG R 25 44 % + 58K 43 B
AR RZ I [ J] . HUEE 24, 2000,55(1) : 84-91.

(2] ZEFl, Bt TEIEAE . 3 0 B K R A X [T].
o BB BV K L ARREF TR T, 1985,2:1-17.

(3] ZEF.H L X K IR RRAE S X i i K 5308 1) 52 1)
[J].AEZ52%4,1983,3(2) :91-101.

(4] E Fi,ok o8, AVE, 5% R B AN ) Hb R O



%

5 14

fB B B OB AR A I TR S KRR

135

[10]

[11]

[12]

O T IEAL PR BT s [J] . o A A AR 24k, 2007, 15(4)
53-56.

TFLTHME, I BRORAE 3 U K 5 S SRR K
W [T] . T B A B 24,2004, 25(4) :62-66.

25 8, KRS . MATLAB 1 SPSS 1% et 40K 4343 7] 2 S
PEBFFE AR LT ] AR bl 2241, 2009,40(6) : 109-113.
X4k, T3 S sk PRAE R TR] 4 2 LK SR fi 2R 2 1) AR
SR EZE )] A PR, 2010,41(1) :46-52.
TSR, X E o0, T, 45 3% + bk T 5 1 XN TR
T HOK KB WTELT] . Al TR2E4],2007,23(11) : 77-83.
2T, FEWE, T B L KR G SRS R I i X sk K A
IR )] . HBAA R, 2001, 56(1) : 7-13.

XX, B WS R b SRR AR b A 3K IR B RN [ 1] SR
24 ,2002,19(2) : 75-78.

BB Y b R R R XA
[J]. o E A 238 4], 2005, 21 (11) : 355-359.
PR R NS S R LEEARRRARE ISR XA
AR TR A0 (] . 2R 4524, 2008, 28 (4) : 1429-
1445.

HEWDR, AN, 2R T 1L 3 b XA A 7R )
TR BIFEM [T A TRE2A 41,2002, 18(6) : 50-54.
R PR PR S A R TR (1] R
2001,38(3) :353-356.

FEMR M, 30, 45 % 3 RN T X SRR )2 + 38
RIS sE M [T] . 3% 4], 2003,40(2) :210-217.

R D B A AR MR BERT B K OB PR i B ST L)) A
SRYEVF 3R, 2001, 16(5) :427-432.

TS, T 8 5% KON E A
KA THAE S HMA R ALRRAE [J]. AR & 253, 2015, 35(22) : 7571-

A RSO

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

7579.

FE, X0, 5 A A RPN E)Z B 4 )
IR RN )] . ML HE2AA, 2008,63(7) : 703-713.

WsCih W2 3t m JE EOK B (M ] At B AR
#£,2000:30-114.

FRSR X T0, 0 WA B A e XN MR B RE
IRERIERFELT] . R D 4 kR, 2009, 39(9) £ 1279-
1303.

BHER B3R, S EA . AR R AR KRB S
TR FRAFRTTEL) ] K R AREFRITSE, 1994,3(1) :31-35.

Qiu Y, FuBJ, Wang J, et al. Soil moisture variation in relation to
topography and land use in a hillslope catchment of the Loess Plateau
[J]. China. Journal of Hydrology, 2001,240(3 - 4),243-263.
Wang Y Q, Shao M A, Liu Z P, et al. Regional spatial pattern of
deep soil water content and its influencing factors[ J]. Hydrological
Science Journal, 2012,57(2) :265-281.

FREH, XS0, BN B A R T R X T R K K
5[] A2, 2003,23(9) : 1944-1950.

W3R, W2, SBE, 4 0 e R R A R S B R K
SRF ] R EPE D5 HERFL,1998,28(4) :357-365.

K scif B2 B L R R HOK BT [M] . db st B2 R
#t,2000:30-114.

O KA, S s RO R R R T
FEAELT] . AR T AR, 2012,28(15) :72-79.

EWH 7 EAR,F . RIEREREK A S
BT AL SOV A UL ] o e A AR B KA BAR BRI,
2011,39(8) : 131-146.

£OBL XSO, AR L IR B AR X 8 I R E 1
FKEREZR )] T 5 X BT S BR5E,2014,28(11) : 127-132.

(&% 101 ®)

[22]

[23]

[24]

[25]

[26]

[27]

B AR R A, AR R NE T 3 HLBTRR SR 1 5
WALTT. A A ER AR ,2012,21(5) : 840-847.

N R, E WL E AR A SRS R TR I A
ARG TSR R —— LU A AR I
BILT]. A FRERL 241, 2008, 27 (1) :260-266.

RFEFY, DT B, KR 3 HUAR T b i R 2 - SR A 1
SIBEH TR ] TR, 2015,36(7) :2678-2685.
ZRARLE (T DI X , 45 . V4 I ST L DX AT b - 3
Ay 5 R MRS (AL (R ) T2 R A A3 AR AR (] 335
B2 ,2014,35(9) : 3580-3586.

Khalili — Rad M, Nourbakhsh F, Jalalian A, et al. The effects of
slope position on soil biological properties in an eroded toposequence
[J]. Arid Land Research and Management, 2011,25(3):308-312.
fLE I Y IR, KIS RIBEAL RS 2R 4 i = )

[28]

[29]

[30]

[31]

[32]

[33]

TEE AT RFAE AR [J] . 42741, 2009,46(1) : 100-106.

Devi N B, Yadava P S. Seasonal dynamics in soil microbial biomass
C, N and P in a mixed-oak forest ecosystem of Manipur, North-east
India[ J]. Applied Soil Ecology, 2006,31(3):220-227.
TRAUER, F AR RIERUE Y A Y R R L] B
%£,2010,27(6) : 50-57.

B B ERRL, a7 W AN R IR E M AR
FUBEG LAY I3 AL )] K LARFBEFE,2010,17(5) :148-153.
B B, S, A, 5F . RIRR RIS B A LML T BLR
S]] E A, 2006,22(2) :254-258.

K AR BRI =, JriA B, %5 BIOLOG £ 13U E Y iE ¥ T
AEZREVERTS R [T]. 38244, 2004,41(3) :456-461 .
BRI, 2 OV BRI TO . 57 g L DX A AR B 5 AR AR B
et REZ AR ()] A2 2521, 2011, 31(18) : 5225-5234.



