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BBHEAM T AR — e B8 _ BB LI T . A SCERBUS F A RV R R BHE R 1648 5 T R HY
EMAEEEEE. BRKE LM (Populus davidiana). JHFARIBE(Pinus tabuliformis Carriere x
Robinia pseudoacacia L)\ TIB3Z# . H#Z(Robinia pseudoacacia L) N T4k, FLAEK#EH/E Rxt
B, XAFIMAESERESITHESHTENARALEREBAR., HIBEAFRE. DEEREIR
BT AT, ERER: BRKERTFR AN THRES AL, TIEAEEETS R ELE0~80
cmtZM0~60 cmtZ(P < 0.05). SHHAHLL, BRKEMN. B, SMRETBAE 5 FH3m
33.96%- 17.27%. 12.94%; RABERANLENRN20~40 cm. SHHAELL, 3MEBAR A TG
FLEREFE0~80 cm L E B EH M (P < 0.05), BRKE . IBITH . 2tk 53 H P33 1N136.96%- 14.02%-
17.76%. ZUEERKNLERN20~40 cm. SHiuftL, BRARERABHEFH AN TR EELRELE
0~80 cm 1 Zf10~60 cmtZREWIN(P < 0.05). BRKEM. BAH. 4tk HFHHMN41.70%.
13.28%. 12.76%. ZAEER KK LEEL0~60 cmik. AHFFLRPBHEM 165K ERKE L
PRAFEFP N TARES R CAFE Rt B BBy B R, (HR B RIKEREmEEE XK.
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Abstract

Returning farmland to forest can improve the physical properties of the soil to a certain extent.
The purpose of this paper is to study the physical properties of the soil after returning farmland to
forest for 16 years in typical hilly and gully areas of southern Shanxi. In this paper, three different
vegetation types were formed after returning farmland to forest for 16 years in typical hilly and
gully areas of southern Shanxi. They were natural restoration of Populus davidiana forest, artifi-
cial mixed forest of Pinus tabuliformis and Robinia pseudoacacia, and pure plantation of Robinia
pseudoacacia, using corn arable land as a control and field survey. The method combined with la-
boratory analysis was used to compare and analyze soil bulk density, total soil porosity and soil
capillary porosity at different soil depths. The results showed that: 1) Compared with cultivated
land, the soil bulk density of the naturally restored forest and the two artificial forests changed
significantly in 0~80 cm soil layer and 0~60 cm soil layer (P < 0.05). Compared with cultivated
land, the soil bulk density of naturally restored forest, mixed forest and pure forest increased by
33.96%, 17.27% and 12.94%, respectively; the soil layer with the greatest degree of change was
20~40 cm. 2) The total soil porosity of the three kinds of converted farmland was significantly in-
creased in the 0~80 cm soil layer compared with the cultivated land (P < 0.05), and the natural
forest, mixed forest and pure forest increased by 36.96%, 14.02% and 17.76 %. The soil layer with
the greatest degree of change is 20~40 cm. 3) Compared with the two cultivated lands, the natural
restoration forest significantly increased the porosity of soil capillaries in 0~80 cm soil layer and
0~60 cm soil layer (P < 0.05). Naturally restored forest, mixed forest, and pure forest increased by
41.70%, 13.28%, and 12.76%, respectively. The soil layer with the greatest degree of change was
at 40~60 cm. This study showed that the natural restoration of Populus davidiana forest after re-
turning farmland to forest for 16 years had the greatest impact on soil physical properties and
could effectively improve soil physical properties.
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1. 518

LB AT E R RL, SR 64 TP Tk, SEHLER LA LB 2 X [1]. B
T2 LR F R SR A, N2 3B R, 52K, MR 2R T R RR,
WVER I A ER AR R IR AL [2]. LR X (R R S e LR\ A 6, KR MM L3k
R RN E T AR RN, BT AKE B AT SRR R, 78— bl i R0 A 0 S Al
DR T ARG, BUE— RO E AR IR E, BN BN AER A i R E 5 1 A s
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SE R 7™ 4] [5]-

NIEHIAEARELGAL, 2002 HFHE BT S TIRBHEM TR . 2014 SEIRE € — RV E KR, #E
o SEHHT R AR BHEM, I B AEIBE Hh_E AR AR R SN RS IR B SRR 6] [7]. N T IR
AT o R X R AR SR, IR BHE MG AE — L85 5 R A K LR st 7 A R s gk e, T
REHB A S B 1 T AR AT VR 2 AR AMRAE R [8] 0 IRAFIE AR AT LA Rt 3 7K it R M 1k 3R Ak, T
DL 5 R IR K UE K BE ) 9F BLSE M L ER IZ M BUAE RS, TS B S B T 232 [9] [10] [11].
TIRAE . FULMILI . G54, K. PR EEVERTE SR EE R B A OG[12] [13]. IR I
FE—ERELE W] DA Sk 35 K A1 S K SOIRGL, -t m] DRIP4 39 5 ) — T 245 R [14] [15] -
AR HAR R IR AR A Z2 5, (0T DA Rk R Bk iy, AT i AR R A i
TP AL FEMAI[16] 0 K IR 5 A N RO BIT FU 3R B, R AFAE AR TT DA At 5 38 v 2 IX 3 o DA 3 LIS
R R FRAT R — € MR [17] SRABAIAE A8 PG 3 L R BHE AR B LS BEE BT3EAT 1 28 SR AL
R, BT FU R DR IR A A IR 0, - SR B AR AN IR AT BB, BRI A TR S Mo -+ S B
M s B W S [18]. H2 H T AIBF AR 2 51 % 3R E R FA ML, X 3338 R E B TR TE AR R
s R R AR AR BHEM S U TS0 IR B B FEAEER AN [19]

FiAh, MRS RUN LR R RO B X . ARV S i R X R SR T FUARGE, E
T DCORE T . Ak, EEESEASEERER, M SECRIA R RS R 50, B E X
TFREMEIT T, AMERESAMZ XL A, R R X 27, R SRER . A SCR AU
B BB AR X, Wz Rk 16 4F J5 1) e IR A TR T, 8 I =P B TR AR b R K G 3 T
M SRR PEERFE M RE 5L 19 5 T 2548 TC T SR B o (X e s, DLFE D g S R PR B XA A I R L K
I T X A A AR QDL R i XA ) T R R A —E I B IR S 5 [20]

2. WEEXHER

WFFLX AL T L P9 I T PRt B 2 AR, s AR bR: 111°26'E, 34°89'N, J& Ml Kbt 2= /<
f5. fE-F HIE 2272 h, -FER 13.8°C, Jofil] 238 d. XM imii B Id 40°C, 1 PR &K,
CH PR R . ZIX PR 600 mm 47, AFZTILN, HEFWLEEN.

PR AN R R AR LS, AR AR X . B ER AR TR, dbE
A BT« BE /K Bk, PR AR b & 5 A B U S AR R 77.2%. [ 2002 4
SATIRBHEARLIKR, BENK LR KB, LB P . B8RRI 3 255 5 R E 1)1l
¥k (Populus davidiana), A T ff##% (Robinia pseudoacacia L.). flll#i(Platycladus orientalis L.). L7 A
Mt (Prunus armniaca L.)« B #4 (Prunus persica)Ze bF ki SR 4R DL RIRE > (AR, Wik x JIBLSETR A AR
XN REFE, FEMENEZ . TORAREE.

3. ARG
3.1. SLWATE

2018 4 7 A NA), KRHAF/MAE SRS HSE A7 E[21], IB0G SR AR IR JFE I, 7E
56 DX B L PG A5 3k i PR B 2 NV, DA KA kot B, 30k HO3 8 [ 3 R U 8 S b S A1 R U (RO 3
AFHIBHIEK 16 4E )5 1 SRV 5 1L ¥4k (natural recovery Populus davidiana) (NR). JiiFs x HIFEA TIRAZ
#k(Pinus tabuliformis Carriere x Robinia pseudoacacia L. artificial mixed forest) (MF). #J#E A\ T-4li#k(Robinia
pseudoacacia L. artificial pure forest) (PF). Ak AL 5 HEHL 3 Hehrvt B 2 e, FEHIAI48 20 m x 20
m, 3£ 12 PObrEreE b IF 0 AT BA A R A . iR GPS A, 3 R 3k e e ik b ot 2 A AN
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SE, BAR AR R AR A I AR R, R o R P 2l 68 SN vy A, S AT B SR A P B o BV o R R A
THEOLILE 1o 7E B 12 Budk i i S rettrh, AEALRENLIEE 3 MR, AN misr /2 K4 0~10 cm. 10~20
cm. 20~40 cm. 40~60 cm. 60~80 cm. 80~100 cm ] H3FAE S AT /0 M HF B =k [22] [23]. DUFpAREY 3L
HUA3 216 40 Hr BAEAD 648 ANFRJIFE M, 78 S50 %50 AT E 5 0 Hr .

Table 1. Basic situation of the sample plot

=1L OEMERER

s TS 3 W% WA P SRR I AP
1 NR1 663 18 NW43 8.44 7.2 1850 0.85
2 NR2 665 19 NW42 8.19 73 1846 0.82
3 NR3 664 18 NW43 8.26 75 1859 0.84

7.15 1204
4 MF1 657 17 NwW23 826 6.43 720 0.87
7.05 1210
5 MF2 657 18 NW23 841 6.72 230 0.87
7.34 1219
6 MF3 659 18 NW25 858 6.57 250 0.88
7 PF1 676 17 Nw41 9.13 7.78 1812 0.84
8 PF2 677 17 NW42 9.52 7.98 1817 0.83
9 PF3 677 18 Nw41 9.34 7.85 1823 0.85
10 CK1 644 13 NW32 3.92 255 73500 0.87
11 CK2 645 13 NW31 3.87 2.46 73600 0.86
12 CK3 645 14 NW31 3.96 2,58 73400 0.85

E: NR: BRI MF: RS x RIS TIRESH, PR BN T4k, CK: FoRBHb.

3.2. BRMES S

KRR TIN5 L IR FUBR S | 3B FLIE B 47 52 [24] - FH Excel2017 #4-F1 Origing.0
AT E YRR 5E R, KA SPSS17.0 @At 47 s K 2 7 2 04, F Duncan’s ¥t 47 2 # LEA (P < 0.05).

4. ZBREDH
41 FETETEIENTK

SR, =R E R AR ALE B ) R BN B R AN E AR . TR
TR EAE L ZURE 20~40 om Z IR, IR ERRRE A T2 IR AN S BEAK . TERE 16 5
() B SRV LR IR SRR TR S AR DA S SR RS AP 1) - 338 25 o o b 22 R 52 () 384 g 8 I (¢ 2)

7E0~60 cm L2, ZAAFEIZSALE R LT LIS B S TR LL 2 5 3, T FoK
PRI E, ARRE LIRS PR TR 255 B3, MmN T ZERARE. 7£ 60~100 cm (1)
+Ed, ARKE LK SRS LB ZR (R 2). £ 0~10cm +Z27, FXF T, HRKE K.
TRACHR, AR A E AR T 41.60%. 13.86%. 8.02%; 7E 10~20 cm /2, =Rl 7Y ) £ 45
REZLWD T 41.84%. 15.60%- 9.92%; 7F 20~40 cm + 2, HIERE Kk T 46.15%. 23.07%. 18.58%,
TE1Z A E R T RO = Fh AN R R S B ) 25 AR A R I B K 7 40~60 om 12 rp, 49875 = kD>
T 25.82%. 16.55%. 15.23%, HIRVKEARSHIFIN TR ELARILIA R, (HPFh N TAKZ (B JC 535 22 575
7£ 60~80 cm L2, TIEAELID T 14.38%. 10.27%. 8.90%, 5 ERKEMM L, IRTARE) 1R
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FASUAIIE, 405 TOKBH I IR A =Y T B AR E MO HAR GR35 7E 80~100 cm L=, =
FIAS R A RIS AR T X HE AL, (EOX DURp AR o 2 (8] T S 3 2

AR S, HRWKEMK HIEAELE 20~40 cm + 2 AL RS, A&k 46.15%, 1
40~100 cm )2 AL B IB T PG, 25 B AR AR R/ IMEIA B 7.48% . 5 FOKHFHARLL, JHFA IR IR S PRIV
TIEAEBEFEE LR RIR e BN, B R 13.86%38 A 40 em 4bfY 23.07%, X [ER
60 cm 4L11) 16.55%, #x/ME Y 9.52%. RIRRAEARART T B K 2240 2 AE 0~40 cm L2 WE N, e KME
k%) 18.58%, TF 40 cm 122 JE B RIEHET NI BEORE, H AR Mo L3875 5 ¥ 52 i R 1T A 80
cm, JRASMRT T3 E S R FE AT IA 60 cm,  4fiAkXT 20~60 cm )2 IR E R B (WL 1).

Table 2. Changes in soil bulk density at different soil
F2. FEITBRTERTETMHE

i FHIg-cm®

T JERElem
NR MF PF CK

0~10 0.80 + 0.02¢c 1.18 + 0.04b 1.26 +0.03b 1.37+£0.05a
10~20 0.82 +0.03c 1.19+0.03b 1.27 £0.02b 141+£0.03a
20~40 0.84 + 0.05¢ 1.20+0.02b 1.27 £ 0.03b 156 +0.03a
40~60 1.12 +0.02c 1.26 + 0.04b 1.28 +0.03b 151+0.03a
60~80 1.25+0.04b 1.26 +0.02b 1.33+£0.04a 146 +0.04a
80~100 1.36 £ 0.03a 1.33+£0.03a 1.35+0.02a 147+0.04a

e [ L EAR R RHRA FR 0 - e 8 2 7 25 (P < 0.05).
60 -
50 |
40 1

30 A

EAAILHY

20

10 |

0 T T T T T 1
0-10 10-20 20-40 40-60 60-80 80-100

12 E/em
i Rl — L EARNFEFEACRA AR R I AR R 2 7 3% (P < 0.05).

Figure 1. Soil bulk density change rate at different soil
B 1 FRLEHAEETUE

42. ARITETMEFLRERNTEWL

AN TEIREL ARSI R ) S A e o 1 398 A AL B P AE T BT 1) BB ORI A B AR . TR i 4
FLBRBE AR b R I e BRI 3G I & %, 78 0~20 om L2 v, TR i 38 S FLRR B K, 7E 20~60
em A S ALBRE f N (1A 2) . TR B 16 )5 K B ARKZ (iR TRASHAR . ZUMR I 3R fLBR R 21
IR Z B A1 o

£ 0~10 cm 2, =MUBHEMI S FORBHOAR L B AL A BB 22 R, HPTR N AR 8 2= R
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ANEE . X, BRI, TR AR I LR B AR T2 33 36.90%. 6.58%-. 10.90%;
£ 10~20 cm L=, DUMHER R 2 3 2 R W3, HIEEALEEE NR > PF > MF > CK. AHXT-#fH,
FBHA =R AL ) 8 S LB RS 2 BB N T 35.79%. 9.30%. 15.46%; 7E 20~80 cm )2, =FuEHAK
5 TP L g FLRR B 22 5 B3, HAMKEAAR S PR Tkt T3 S AL RR R 22 7 B3, WM
AR BTG 3 22 57 o 75 20~40 cm 12 i, AH B0 8 = FloR B pActh (1) T 338 S FL R EE 43 35 I 1 49.35%.
25.93%. 29.09%, iXF| [ & H -SSR E R RO A . 7E 40~60 cm R, = RRR A HE ) LR
FESr BN T 45.70%. 24.09%. 24.85% (/4 3). 7E 60~80 cm 2, EHRKEI . JRATHAIAE AR 135
SFUBR AT B KB B 0 T 17.06%. 4.23%. 8.52%. 7 80~100 cm /2, ML T4, =
PRI HE B FLBR AR I A KA R, PR T 10%. 2% BATR, AHXT#iH, BARWKEME
0~80 cm +JZ 1) - HEFLIRFE AL B &, Pl N TARTE 20~60 cm )2 (1) - LR FE A8 4k B AR T AR K
R 3).

3% S LR /%

0-10 10-20 20-40 40-60 60-80 80-100
1 ER S fem
e [{— R EANF BN R A2 B 39 LR 72 7 (23 (P < 0.05).
Figure 2. Changes in total soil porosity at different soil
2. FTELBLERFLBRETLE
—&—NR

60 1 MF
—&—PF
50 A

40 4

30 A

BB /%

20 A

C
C

0-10 10-20 20-40 40-60 60-80 80-100
TEEREE/ cn

Ee W R R R R R R 4 2 FLRR A % 72 7 B 34 (P < 0.05).

Figure 3. Change rate of total soil porosity at different soil

3 FELRHERIRETHE
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43. FRITETHREEFLRENTK

RPN R AR AP A3 R AL R RE B L S R B R ARG BT R FRAER B K. 7E 0~60 em -
E, ZFURH R SR A LU A B R, BRI E R B LIRS T A =M R T HL %
T8, (HSE IR ARl AR 2 [0 TC W B 25 5 . 7E 60~80 cm L2, HARIK AR S oAl = Fhbk i 22 7 B3,
TR AR, 4ibk 5 FKHHh 2 A BEZEF. 78 80~100 cm 2, PURAA Z [A3 6 B 2 5 (4 4).

AR AU (1 118 B LR EAE A R L 2R BB AN E . 7 0~10 ecm L2, FHEEXTRA
SRR IR TRAS PRI AEAR I T3 B A FLRRE /0 38 i 1 48.95%. 10.89%-. 9.40%; 7E 10~20 cm T EH,
=R BRI AT L X RS> BN T 42.83%. 12.51%. 9.70%; {1 20~40 cm L2, =FGBHFRAT E X
FE2Y B3N T 49.21%. 13.05%. 13.70%; 7£ 40~60 cm /2, =B A B E FLBREE o HIsgn 1
50.20%. 16.68%. 18.26%, ¥JIAF| [ TIEEE LB BRI R AME; 7E 60~100 cm LEH, =il
KA B LR R, ~FIAZ N T 10% (14 5). AL Em S, £ 0~60 cm 20, AR
ARG LIS A LU AR A 25, SR nA 3 50% LA 1o PP N MR 1) B FLBR FE AL R B 1 )2
TREESE I 2 I H S B0 5 B IR &%, £ 20~60 cm L2 AL B R .

TETEILBREE /%

0-10 10-20 20-40 40-60 60-80 80-100
+2RE /en

e F LR E T B A R ST 39 R A LR 2 7 1 34 (P < 0.05).
Figure 4. Changes in soil capillary porosity at different soil
4. FRILTELREEFLRETLE

60 - ——NR

BEILBRBER L /%
g

[*3
=1

—_
=4
L

0-10 10-20 20-40 40-60 60-80 80-100
T EWE/cn

Ee A EARF R R R R B FLRUE AR (3 22 57 |35 (P < 0.05),

Figure 5. Variation rate of soil capillary porosity at different soil
E 5 TRLEIIREEFHEETIUE
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5. g

T RS2 EAEASR R BRI, B TR TR RN, REORIIIR RIESD, th B NAYE
(R4 BE[25], S ERIRE I [26], R IIAEI[27], TIBAIK BRI UL R N AT, SR HEEAR AT
DAA A0S R 3 A 1 T [28] o L 32 B2 4 J5 (R TE T IR AF I AR AT DASE o -39 AL R 3R, R 1 e g
. EKAER ) — B M SGE R, X S SRk T b PR AR KR B [29] [30]. -4 E AN AL
B AT DL Bl 3R 2R KR IR RE 0, MRS VE NPT LIS BRI FE bR, IR 52 2] R3E . A R
FHeH M [31].

ARSI e S BV AR DR BIFIE AR 16 A8 S5 AN [RI R A S B 1) 3 B A T AT T 9, IR
BRI, TR DL, BE LRSI R A S . SRR A ) LI A
BER A R 1Y I8 B g b, LR FURR AN B LR EEH I RGN . AN [EIAR 3 (14 3B A 1 R AL L T
TR P G E . EEMARR R, L ARIK S ARRT DU 5 I R T, P AR T ARIK
o BRGNS E | g AL RRURE L 338 L FRUBE 1) 52 g5 K RT TA 3] 46.15% . 49.35%. 50.20%.
THFA R VR A ARG -4 2 | e S FLIRURE | 3B LR 1 52 e fi K nT ik 31 23.07% 25.93% 16.68%
FIRRAARON T i IR AL R AL IR EE () R f K m] ik #1] 18.58%. 29.09%. 18.26%. fE
0~60 cm LEH, EARMKEREG AN TAR LR FORPEH ) R B v 22 S 2 A N MR oK
P Ty B v 22 e B, AWM AN THRERNEE . HHEE S L ARKE LKk > AT
o> FOKHH .

T 46 75 5 N [23038 5 % e 7 4 S ke EL SR IS MR I 43 P Ak 5 (R 72 28 B, AR AR T A 2k R+
B, AR R LSRR E AR, X 5RO L 8 525 Pt 2 5 B IRHHEM G
LI ATIE AT, 45 F R PR AR AR e ek AR LR, 5 HA AR AR B, BB 13 AR
TR SRR, IR A R A RGE . SO L, IR 3 S R B 13 4E )R I
D7 13%, LB T 8% [32]. X S5 AHIE ST TS H R AR B OB b R K/ 18.58%, AL
FE B ORIG N 29.09% 6 — & 2] SKIBEERSE NAE U s L X JRIFI 7L, S5 58 RIBHE 22 4F 5 LIyt
JRAF R, IR A HLT T AR A . o B AR SR - 49 T (9 B A R B R 80 em,
N ARG 38 ol PR 52 M R P T IA 60 em, AN [R) FRAEL A 3385 B (1 se i W AN R [17] . 1% 5 AR SO
SRR BT, BEERHHERRAI N, AN R e B A — e e . (AR
FIHLX . AFEMR R AR ZE 5, R TR 5 AR X FH e IR, SEZAE VIS, |
TANFEM S BIRTE DI DA A AR REY 3G EN, B R AR e B A S dds, ATt — 20 et 38
BIPERVEIR o AHIF FURT K SR AT 5 HL A e [ V) % XA [) 4 PRAR B A pRont L 3B P B8 Jo ¥ s el o] LAER 31— 28
MZHEEH .

6. &it

T g ST Fr RV B DGR BFIE AR 16 4E 5 0+ B . HHER LR . 3T FLR R S F A A
FEKRREABNEE, BAN:

1) BRI L AR A RN TARRE B R K b 39 7% B (AR VR R B B R AEAE 0~80 cm Al
0~60 cm 2 H(P <0.05). HH AMRKE LK TIBAEE VI T 7 33.96%, JRAMRFNAiR 15825 5 5
AP R T 17.27%F0 12.94%., = FRIB B2 B ARk oK I 2R FE 2 20~40 em Ak

2) W& LERE AR, AR S AL R R A A . S EHIAREL, BRI E AR
FUBE R (ISR BE R AEAE 0~80 cm )2, RPN TG 338 8 FLIRS B FO S IR B R AE7E 0~60 cm + )2
(P <0.05). HAKE LK L3S FLEREE 338G 1 36.96%, VEAZ AR ALK 1438 S AL IR FE 7393~ 2 15

DOI: 10.12677/ije.2021.101007 77 A


https://doi.org/10.12677/ije.2021.101007

FtERE 45

14.02%F1 17.76%. — Pl HpActh 1358 S FLR RS AR AR K I 2 TR B 2 20~40 em 4t

3) FARIK A LAk 39 B A FLI P S MR T A 0~80 om, R N 0K -39 0 5 LB B S A IR T
0~60 cm (P < 0.05). AHXITHith, HIRMKE NTAR, IRATHR, FOMK ) 45 8 FLIRE 40 338 1
41.70%. 13.28%. 12.76%. —FhiEHHRH T35 E 45 FLERE AR AR KR 40~60 cm 4b.

R LR, BEARBHERAIGIN, =R F Y (IR AR AR AT DAYE — e FR R b st g v
i, For E AR L OR3P B T 0 SR OR B B . AN [RIHIX, AN TRIAEL A S B AR B bR b T
A R ARSI R ] o DR B R R PRV B X A SR R SR R, RN Y R R, T
R AN LS AR SR, SR TR EAAMAR S S 730, DUR B Rt vk i, =
TR E . AR B 18 7 b BB A DN 200t 3R B R R (52, T R = 5 b R A= P IR 3R R
Hy AR IANIR], AR N AR SRR AR A R, AT L SR B R AR R . A S
4, NEEEM F IR AER R L, SA M I REMR R, MHLEE LSRN R S
FEAE W) R 20 - e B IR (1 520

&E 3k
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