5537 B 2 W) S &~ £ Eild Vol.37,No.2
2017 4F 1 A ACTA ECOLOGICA SINICA Jan.,2017

DOI: 10.5846/stxb201507291596

SRIEES Mo fili, 2[RI, KA, T i, AR i, B 7Y 2 DGR BHA MR 22 485 Mt - e BRIE B A8 4k AE 3524412, 2017,37(2) : - -
Zhang X X,Yang Z R,Zha T G,Zhang Z Q,Wang G M,Zhu Y S,Lii Z Y.Changes in the physical properties of soil in forestlands after 22 years under the

influence of the Conversion of Cropland into Farmland Project in Loess region, Western Shanxi Province.Acta Ecologica Sinica,2017,37(2) .

BHAE T XIR#HIEMK 22 F 5 kit + 58 49 12 4 R
TH

RRE B EIE,ERRAN RER EHH A FY S EL]
1jta%ﬂkjc+7ki%%:é&n,7J<j:{ﬁéh5ﬁ—z/j<1tlﬁm%zﬁ%ﬁiﬁ%%%,jta 100083

2 1LPE4E T Bl IR S5 ot IR Y 042200

3 dbmipll R bk b, dbst 100083

FEE AR HRA MO+ Se Y 5 05k, R PR R RS M i R AR S M E AR Z —, a BHECE P KR M 22a 5
TR 3 Fh LAY TR AR SY A0 FE A SRR I IL RARAR T A SR TR SARAHIAR A T 2lbR, I LIBEHAE S X IR a3 A0l i 25
FERAE ST, AR FE FIRE BE W 5 T 5T 1 AR AR M - B8 TR | £ 8B LI BE A0 B A8 FL B RE S B SR A il &5 R . (1)
BAEIEAEN T, HAMWKE I 80 em DL I 1 )R I A 2410 (P<0.05) , FHFEAL T 28.78% , 28 A2 B B K FE 10—20 cm
2 N TARE kB E AR & A 7 60 em DL b2 IRISHRALIAR ST BB T 10.58% 1 8.34% , A AL A% B e K i -2 20—
40 em;(2) 3 BB 48 S FLEREETE 80 em LU A#kHL & AR BN (P<0.05) , B IMFRRE RN A SRIKE M (35.53%) >TR
SR (15.04% ) >LEAK(13.68% ) ,20—40 cm +JZARAUFERE TR ; (3) LB FLBRIE [ SRR IR TRASHRANAlbR 7351 15 B Bk 3 1Y
1.36,1.13 F1 1.12 £, A SRR E MR T AR 25 )2 435120 80 em Al 60 em LA L, ZE (L AR B F K AY R 40—60 cm 4b; (4)
A DU R A R R . X AR R LBREE AR LR ARk A ML A B0 T A RE 319 LA
b TR R B R BE A R 44%—51% 2 M B KT (P<0.01) o F AR S PR T - S5 W B o 5% o L B8 AR R i)+ )2
TREABR T A TR,

SRR VEE - X AR B M I R OR R

Changes in the physical properties of soil in forestlands after 22 years under the
influence of the Conversion of Cropland into Farmland Project in Loess region,
Western Shanxi Province

ZHANG Xiaoxia', YANG Zongru®, ZHA Tonggang"*, ZHANG Zhiqiang', WANG Gaomin’, ZHU Yushen'
LU Zhiyuan’

1 Key Laboratory of Soil and Water Conservation & Desertification Combating of Ministry of Education, College of Soil and Water Conservation, Beijing

b

Forestry University, Betjing 100083, China
2 Forestry Service Center of Jixian, Linfen 042200, China

3 College of Forestry, Beijing Forestry University, Beijing 100083, China

Abstract: The physical properties of soil such as soil particle size distribution, bulk density, and porosity are interrelated
and have important effects on soil fertility and hydrological processes. Such processes include surface runoff, infiltration,
groundwater recharge, and water yield. Excessive soil erosion in the Loess Plateau has resulted in severe degradations of the

physical properties of the soil, such as increased bulk density, reduced aggregate stability, and reduced water retention.
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Soil properties are likely to change when large vegetation restoration efforts, such as the Conversion of Cropland into
Farmland Project (CCFC) in China, are implemented. These changes in soil properties can affect vegetation coverage, litter
accumulation, root penetration, and soil biological activity. Three typical arbor forests, which were converted from farmland
22 years ago in western Shanxi Province, were selected to study the depth and extent under the influence of the CCFC on
the physical properties of the soil. We examined soil density, soil total porosity, and capillary porosity using field sampling
and laboratory analysis. These arbor forests included Quercus wutaishanica, a natural recovery forest ( NR), Pinus
tabulaeformisx Robinia pseudoacacia, an artificial mixed forest (MF) , and Robinia pseudoacacia, an artificial pure forest
(PF). Cultivated lands (CK) were chosen as the control. Results of the study revealed that; 1) compared to the cultivated
lands, there were significant changes in soil bulk density above the 80 c¢m soil layer of the natural recovery forest ( P<
0.05) . There was an average reduction in soil bulk density of 28.78% and the largest variability was found in the 10—20
cm soil layers. Compared to the control, soil density above the 60 c¢m layer of the artificial forests, MF and PF, was reduced
by 10.58% and 8.34% respectively, and the differences in the 20—40 c¢m layers were the most significant, 2) the total soil
porosity above the 80 c¢m soil layer in three kinds of farmland increased significantly compared to cultivated land ( P<0.05).
The ranking of total soil porosity from highest to lowest was: NR (35.53%) > MF (15.04% ) > NR (13.68% ), and the
largest variability was found in the 20—40 cm layers, 3) the soil capillary porosity of NR, MF, and PF were respectively 1.
36, 1.13, and 1.12 times those found in the cultivated land. The most obvious change of the natural recovery forest and
artificial forest were found above the 80 cm and 60 c¢m layers respectively. The most drastic change was found in the 40—60
cm layers in both forests, and 4) the organic soil matter and clay content had significant effects on the physical and
chemical properties of the soil. The increase of organic soil matter was as high as 31%, and interpretation of the clay content
was between 44% and 51% of the change in soil bulk density, total porosity, and capillary porosity (P<0.01). The results
of this study suggest that the influence natural recovery forests have upon the physical properties of soil is greater than that of
the artificial forests. This is mainly due to thicker litter and humus, superior biological diversity, more frequent microbial

activity, and further developed tree roots in the natural recovery forests.

Key Words: Loess region of Western Shanxi Province; the Conversion of Cropland into Farmland Project; soil physical

properties ; depth; extent
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Y 3 B SR B SR VK 2 3L R AR ( Quercus wutaishanica) | 1A% ( Populus davidiana) 25, N T ) I #4
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Table 1 Basic information of the research sites
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R oo S L S B L R s

No. type Altitude/m Slope/ (°) Aspect/ (°) diameter/cm Height/m (plant/hm? ) density
1 NR1 1139 19 NW35 10.22(0.56) 6.56(0.17) 1950 0.82
2 NR2 1138 17 NW32 11.19(0.32) 6.28(0.25) 1900 0.84
3 NR3 1139 16 NW34 11.33(0.34) 6.72(0.16) 1931 0.82
4 MF1 1126 15 NW15 :8951((002383) 5.89(0.47) 1080x650 0.87
5 MF2 1124 17 NW15 X890§1((002256)) 5.30(0.37) 1100x600 0.89
6 MF3 1125 14 NW13 :99230(<001;1>) 5.46(0.35) 1150x600 0.90
7 PF1 1196 15 NW39 12.17(0.23) 8.25(0.46) 1835 0.86
8 PF2 1193 17 NW41 13.71(0.33) 8.17(0.42) 1850 0.85
9 PF3 1195 18 NW42 11.37(0.45) 8.36(0.32) 1862 0.84
10 CK1 1153 14 NW22 3.70(0.47) 2.45(0.17) 73000 0.87
11 CK2 1154 13 NW20 4.01(0.38) 2.57(0.14) 73500 0.85
12 CK3 1156 14 NW24 3.98(0.35) 2.19(0.13) 73580 0.84

NR : H R 01 ZR R AR natural recovery Quercus wutaishanicas ; MF . TS < FHE N TAIRAE MK Pinus tabuliformis X Robinia pseudoacacia artificial
mixed forest; PF . B N\ T-Zli#k Robinia pseudoacacia artificial pure forest; CK B cultivated lands ; [ ( 3 ) 28 TR 3 K008 S8 (bRifE2) ;o fexd
GORARHL TR, A X G2 R TR B 5 TR AT A 48 L0 5 2 7 i

b A AR T T % B REH N BEL IR I 3 /AR p R AT S 28 950 1T 9 5, 23 5114#% 0—10 em (10—
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Table 2 The influence of vegetation type on soil bulk density among different soil layers( mean+SD)

TERE 25T Bulk density /(g/cm®)

Soil depth/cm NR MF PF CK
0—10 0.78 +0.02 ¢ 1.13 £0.03 b 1.17 £0.02 b 1.23 £0.02 a
10—20 0.79 £0.02 ¢ 1.18 +£0.04 b 1.20 +£0.03 b 1.35 +0.01a
20—40 0.87 +0.01 d 1.19 £0.02 ¢ 1.23 £0.04 b 1.45 £0.05 a
40—60 0.93 +0.02 ¢ 1.23 +0.03 b 1.25 +0.04 b 1.47 £0.04 a
60—80 1.15 £0.01 b 1.24 +0.02 a 1.28 +0.04 a 1.30 £0.02 a
80—100 1.24 +0.01 a 1.27 £0.01 a 1.30 +0.03a 1.33 £0.02 a

i) — JZ A NG PR R AN TR WS R - e B 5022 52 12 25 (P<0.05)

IR 0—60 cm + )2 ) 4855 8 34 g LT e ofbﬁiﬁﬁfﬁhange/%
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Fig.2  The significance of variation of soil total porosity in Fig.3 The influence extent of vegetation types on soil total porosity
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Fig.4 The significance of variation of soil capillary porosity in Fig.5 The influence extent of vegetation types on soil capillary
different vegetation porosity
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Ak, HARH

(1) ASRYR MR TR 4 4875 o = A 1 25 A8 AR 1) 1 2 VR B 4331 0—80 em 1 0—60 em ( P<0.05) ,
o [ SRR AR - A F T YRR AIR T 28.78% , TR AS MR 4l bR A 338 45 7 - 35 43 58I T 10.58% Fil 8.34% , 2%
AR B e K 3253 312 10—20 em AL F 20—40cm 4t

(2)3 FhiBBEpRHE 1 58 B FLBRBE p= A 8 AR ) 1 2R B 248 0—80cem ( P<0.05) , AR AL 2 FE B R R B Ny
H SRR B AR (35.53% ) STRAEHR(15.04% ) ik (13.68% ) , 2 AL AR fe KAy +338)2 R 24 20—40 em Ab,

(3) AARIRE RN - HERAT FLIRE P A i ARk A + 2 R A H] 80 em , A TARIAE] 60 em( P<0.05) ,
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H AR AR TR SN SRR S )2 Bk i+ S B AS LR BE 19 1.36,1.13 F 1.12 £% 8402 B i K LI 2 R 3
1E 40—60 cm 4t

(4) AP A HE T 125 dosk /)y G L B R R B A8 LI R B 3 I i R B 180 3R B 319% LA | Kk
TG I AT AR A AL B R B A LR B AR AT 44%—51% , H AR S 438 2K 1 2K F (P<O.
01), SRV AT A 1384 35 o2 i R B RN R B AR R T N TR
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