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Abstract: This paper aimed to study the changing laws and differences of soil conservation functions of Pinus
tabulae formis forests with different densities in the loess area of western Shanxi Province, and to evaluate
their soil conservation function, so as to strengthen forest stand management and ecological restoration. Four
kinds of P. tabulaeformis plantations with different densities (925 plant/hm?®, 1 325 plant/hm®, 1 750
plant/hm?® and 2 250 plant/hm?) in the Caijiachuan watershed of Jixian County, Shanxi Province were taken
as the research objects. The soil bulk density, porosity and other physical properties, organic matter and
other chemical properties as well as the amount of slope runoff and sediment were measured and analyzed,
and 12 evaluation indicators were determined, and the entropy weight method (EWM) was used to evaluate
comprehensively the soil conservation functions of each P. tabulaeformis forests. The results showed that:

(1) There were significant differences in soil bulk density, total porosity, non-capillary porosity, capillary
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porosity, total nitrogen, total phosphorus, ammonia nitrogen, nitrate nitrogen and available phosphorus
among the four kinds of P. tabulaeformis plantation (P <C0.05). (2) The change of stand density would
change the 12 indicators of soil physical properties, soil nutrients and runoff and sediment volume of the P.
tabulae formis forest. Among them, soil bulk density, runoff and sediment volume all decreased first and
then increased with the increasing of forest density. Soil organic matter, total nitrogen, total phosphorus,
nitrate nitrogen and available phosphorus showed the opposite tendency with the increasing of forest density.
(3) The soil physical structure, soil fertility, runoff and sediment yield of different P. tabulae formis forests
all showed certain change laws with the change of density. The improvement of soil structure and soil fertility
increased first and then decreased with the increasing of forest density. With the increasing of forest density,
the amount of runoff and sediment decreased first and then increased. (4) The evaluation of soil conversation
function of P. tabulae formis plantations with different densities showed that the soil conservation function of
P. tabulae formis forest increased firstly and then decreased with the increasing of density. The conservation
soil function of P. tabulaeformis forest land with a density of 1 750 plant/hm?* was relatively good. From the
perspective of soil conservation, it was recommended that 1 750 plant/hm® should be used as the management
density of P. tabulaeformis plantations in the loess area of western Shanxi. This density could better
maintain water and soil and improve the soil quality of forest land.

Keywords: soil conservation; entropy weight method; different densities; Pinus tabulaeformis plantation;

loess area in western Shanxi Province
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IS (Pinus tabulaeformis) &8 1 X 3 2 & MO Ff
Z— BARE L IRk IR e R A S T Re . R
B T HEDBE A AR A A T AR K
AR Xof 3 ) v o R R A2 U B 2 Pl 1 P 5 [ g AROAR
AR IR - 0, DT sl 2D A SR Ty 5 %, DL K ik 4 0
S TRe  RARMAESRE T EEN RS DREZ
— o MRABRHE A0 [ ORI BE ) S e 1 FA AR M R K
TR GRS RRE Ty . T AR £ X M
MR E TR HEAT T HESE , T 7 S T R
FORPRIE 120 208 7 8 DGR B AR 1) O/ 1 3
TIREHEAT VF M 5 K 1) Wi 5500 i FASOR0 255 5 F 2k X 4%
KPR SRR PR S REIEAT TR Y. HAT
X Ml O B T iR B DT T I S D
Rk S — P 2 WL 5 & 35 B A 19 80 7 vk L BB 65 5
5% U ) 2% 1% 5 e, 5 0L b, ) DRI A0 8 A %) A Xof i
PE. FETE X TR OR T D RE T8 AR A B 35 K B il 2
H A2 2% ARG gtk 1 PR 2% J2 U0 PR TR AN T) A BB AH
o Bik o o T AR R IR B s T R ST b R
P R K IR SRV UL A AR T T

T, [ B AT AT AT M SR 2k

KT AN A AR G3 25 BE Xk bR 3 - 38 Je HL5 i PR R L
FAHGE ", A P AR R [ M XS [R) A 2 B
A7 43 W) B BT B A HE B bk ok i AT
WG L B /DA SR 534 B X O 8T Re Y 52 e A 25
G TR SE . A SCLAIE P £ X4 AR [R] %
JEE B A N AR R 0F 5 X 4, X A 5 DX 1Y A g B AL
PRI B T8 77 U 7 VD AT 43 A, 48 T R %W T
Pramds N AR R B D 6e . 300 bK 43 4% B2 X 3
VOB XA N TARDR B R T RE A B ) &, ik 4
o & E T .
1 MRSk
1.1 WHRE#HR
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JERREE RN BEARRE 3 D EE R, AR 20 mX 20 m bR
YR ML S XA i PR ) 75 A ARG I T SRR M PN BT Y
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925 6.95+0.85 13.5142.39 4.0240.66 1130 29 B b 40 29
1325 8.2440.75 13.81+2.38 3.78+0.61 1140 30 BB B 45 29
1750 7.414+1.28 10.213.55 3.2940.93 1120 27 1 5 B 55 29
2250 8.5542.06 9.3143.37 2.8340.95 1090 31 ¥ 3% 60 29

VE 2 ORI P 1 bR
1.2.2  X3ERAEL N &k (6 RS A AR
(£5 3 Hekf i) rpc AL BE 1 A H 5 R AR VR
# 45 0—10,10—20,20—30,30—40,40—50,
50—60 cm 4)ZBUFE BH)E 3 ANEE LA LK E L fF
FLRCT J5 F s 5ok i ke 4%, FH U H 3 fb 446 hn .+
BT E AL A5 SR F R 0 00 A2 5 4 HE Ak 2 v T
DS = T o S e e S R 5 N o~ BN 8 7 N W
AR . A LR B E % RS
PO 7E , 1A R 2 o LR I, A
WA R P R — VR 5 o 500 9 8 — 2R IR R W e e
A A AR RO 3 B0 R SR B A — B
B be & 0 . 4 9 Bk >R ] NH, F—HCL 2
BB DT LI E

T PR PR b 3 A S A 3 T A 1 8 A HE AR U
INIX CRERR S BE 45 2 AN S X 4 Ffv g B i B bR b 0 15 K
SRR TR 25 A T P2 B = U0 B I, I i sk 3 B 4 T
) A TR R CRR PN [ D) AR 3 1 IR VD & i
1.2.3 HELE S 54 RBES SRR Excel
2019 FEATAL IR, £ T8 b (B AT 53 A7 R SPSS 26.0 #
GYHT Feh LIRS B Sy A AR i DUORTR 2R A E LB L
BiE BB IEBE A E AR, 2.2
W S A N AR o AR AT R R
J7 7453 81 (One-way Anova) , % ] Duncan £ & &
HEAT 22 ST .
1.2.4 HFXEDRFENFE KEHET LHEIEE
(5 S 45 A i N B9 AR 422 BRORL 2 1 T 454 1
F1h JEE DN o R 6% S Tk s N MR AR M T fiE (-
e R R AR Ty kst BRI T 1 12 5 A
FEAE EALBRE B ILBRE B ILBE AL
JE AR A S A A A RO AR T AR
Ui IS N TR BRIk R . R

AL (the entropy weight method, EWM) PEA #4314
B HIERE S Z TR R TR WA | o ) A Bl 4
SR BN R BEAE . — O T RIS AR AT
DA 1A 40 Vi HL g IR B, A R ) o R i
O ULHTZAR bR AR B, AR B T3 & 4
PRIALER o Z AR BREE A PPN SRR

(D EAEARME AL B, Hy T3 B PP 48 A B
ANTF] 7 ZE AT TC e A A AR 3, HAK SR 2 R O

55 1 R OS2 8 AR O A 1] 48 bR CEOHE B D

— v S Lij in( ;,')
AR ARy = —
max(x ;) —min(x ;)
oI 00 2 Y 45 B Ry 30 A CRICHE /N BRI I, oA i
N max(x ;) —x;
fenhp, max(x;) —min(x;)°

Koz, BE i DIEM R RN § N8 bR p s MR
WEAL G X N R FE AR 1,
DI HESE ATENXNETE ] DR ENET

52

&Ly, =
2?:‘/
(O HEHRAE BRI AR N o, = —£ 2V, InY,).
b= Rl PR G
COf5 BRTAR AN od, =1,
SRR AR W, =5

Krfan HHEREL.
(6) 2% % FEIMAS AR O 3 D REDE M 15 43 1153
/A\ﬁi‘j :Sfj - ngjp;j °
2 g5
2.1 AEZEEHBHRITEDBSENZIE
- 9 75 TR FL BB R B W L M ) BN b )



192 K PR R

o536 4%

SR AR L RS R AR bR R 3 E K P
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WZT K 1.30 g/cm®, FE 0—60 cm + )2, I FA PR b
HHEOEHEE N 1.21 g/em® AELTER N 0.94~1.35
g/cm® . AN[R) %5 I P AR BT 3 25 T /N B R
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hm® <7925 #/hm’, 25 5 PR 50 25 LKW, % &
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28 T 1Y) S AR B SR B R SN 4 K
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o7/ TEAEE/ (g cm D)

(#f « hm 2) 0—10 cm 10—20 cm 20—30 cm 30—40 cm 40—50 cm 50—60 cm SE
925 1.01£0.01 1.2940.01 1.264+0.02 1.29+0.02 1.2940.01 1.3140.01 1.2440.01a
1325 1.1540.03 1.0940.07 1.1540.01 1.1540.01 1.27+0.03 1.37£0.01 1.2040.02b
1750 0.9440.02 1.07£0.01 1.1940.09 1.264+0.08 1.2940.06 1.33£0.02 1.1840.01b
2250 1.20+0.03 1.13£0.01 1.20+0.01 1.2040.03 1.29+0.06 1.35+0.01 1.23+0.02a
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TR AR A 381 349 G L B B 55 At %% 88 il A A 3 22
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LB Ry 48.13 %, ZEARIE S 44.78% ~51.83% »
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HIFTA SRATHLY . 060 cm 1 J2 A [5] 95 52 i #A bR
THEFA PR E BN 7.29 o/ke, BALTE Y 3.04~
15.94 g/kg. HFE - 2 5 E W8 w2, A [F 2%

JEE VR P AR M - 57 2R LB BN K B/ IR 2
1 3258k /hm*>>1 750 #k/hm*>925 £ /hm*>2 250
PR/hm*, 25 PER g 45 R RV, B 1 750 R/
hm? (4311 #2 B M - 387 24 F BL B & & e sl S 925,
2 2508k /hm” Jil A MR HE 25 57 i 3 (P <<0.05)

#3 AETEMRAIHM T EFLBRR

MR/ 12 B BH FEE
Bk e hm™2)  FE/em BREE/ % LRE/ % ALRE/ %
0—10 49514018 46.5040.23  3.0140.05

1020 50.82£0.03  47.45£0.27  3.38£0.27

20—30  50.00£0.17  46.0040.28  4.0040.43

925 30—40  51.01+0.89  47.90+0.83  3.11%0.17
40—50  50.0740.84  47.5240.74  3.23401.2

50—60  50.38+0.17  46.64+0.50  3.7540.33

FHE  50.414£0.21a  47.004£0.13a  3.414:0.09a

0—10 54164044 50.2540.40  3.914:0.06

10-20  55.1340.68  51.36=1.02  3.7740.40

20—30  53.4040.61  49.90+0.60  3.5940.44

1325 30—40  54.01£1.49  50.65+157  3.3530.08
10—50  50.16£1.90  46.19£2.39  3.97+0.49

50—60 49414060 44781129  4.6440.86

FME 52.73+0.22b  48.86£0.22b  3.8740.09b

010 50.70£1.00  46.37£0.99  4.33£0.40

10—20 5274118 48744079 4.0040.53

20—30  52.2841.83  48.10£1.79  4.1840.04

1750 30—40  51.5840.83  46.95+1.13  4.63%0.30
40—50  50.30£0.23  45.5940.40  4.7240.17

50—60  51.884+0.81  47.3940.63  4.4940.19

FHH 51.58+0.13¢  47.19£0.21a  4.40£0.09¢

0—10 53.9740.99  49.53%0.67  4.44£0.41

10-20  54.6140.42 50554053  4.0740.20

20—30  55.69+0.68  51.83+0.83  3.86+0.15

2250 30—40 52914164 48.65+1.37  4.2740.34
4050 51.19£2.12  46.67+1.38  4.5240.76

50—60  52.2240.73  49.69+0.59  2.5340.37

T 53.4451.04b  49.4940.82b  3.9540.24b
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0—60 cm TR TV LAEFEN 0.32 g/ke,
ALIE R 0.16~0.55 g/kg, /N [F] %5 3 I A Ak £ 458
-3 A RS MR BV 1 750 £k /hm* >1 325
Bk/hm?>>925 #k/hm?®>2 250 #k/hm?®, 25844
BRI N 1 750 Bk /hm? Il #8 AK L+ 35
VeRocm S HMR B EZR ZR B E(P<
0.05), 0—60 cm T2+ P LS &N 0.51 g/
kg, ALY 0.48~0.54 g/kg, AN [a] %5 B2 A AR 1 33
S A R NR BN/ NMER 1 750 £k /hm? =>2 250
¥k /hm®>1 325 ¥k /hm® >>925 #k/hm?®, 2= 55645
TR LB A 1 750 Bk /hm? i F5 AR + 1 4 8
i AR Ay 2 R 2 R 25 R B 3 (P <<0.05), I
SRS E R KM HEE 1 750 #&/hm’ JH # bk
My, HL B G 5 R4 R 5L S R R v b i e

£4 TRAEEARAIHETESERSRR

Mo/ 12 TEABLR 2R/ 2/

(Bohm™®)  HE/m  (gekg ) (gekg)  (gekg D
010 8.88£0.56  0.554£0.01  0.5040.01

10—20 8.3550.15  0.39£0.03  0.4940.01

20—30 7.63£0.19 0.34£0.01 0.4840.01

925 30—40 7354013 0.274£0.06  0.50+0.01
40—50 5624011 0.214£0.01  0.48+0.01

50—60 3044013 0254010  0.49+0.01

S 6.8140.11a  0.33+0.01a  0.49+0.01a

0—10 15944034 0342001  0.5040.01

10—20 9.764£0.22  0.34+£0.01  0.5040.01

20—30 7794018 0.34£0.06  0.4940.01

1325 3040 5154032 0.38£0.01  0.5040.01
40—50 4784024 0.36£0.05  0.49%0.02

50—60 3944013 0.304£0.02  0.5140.01

T 7.8840.11b  0.34£0.0la  0.50%0.0a

0—10  10.16+0.32  0.484£0.07  0.5340.03

10—20 8244074 0.39£0.02  0.52+0.01

20—30 8.81+£0.26  0.354£0.01  0.53+0.01

1750 30—40 8474031 0.38£0.01  0.53£0.01
40—50 6.90£0.19  0.34+£0.01  0.53+0.01

50—60 4724039 0355004 0.5240.01

Mg 7.7540.23b  0.38+0.01b  0.5320.01b

0—10 674039 0.30£0.06  0.5420.01

10—20 6.574£0.3¢  0.174£0.01  0.5140.01

20—30 6.7940.40 0.16+0.02 0.5140.01

2250 30—40 8.1440.36  0.27£0.03  0.50%0.01
40—50 7634154 0.2640.04  0.5140.01

50—60 4474011 0.23+£0.01  0.51£0.02

T 6.724£0.19a  0.2340.02c  0.5140.01c

ISR S A AR R
EREE R LIS, 060 cm £ 11
B RO & RN 10.63 mg/ kg, LT FI Y 7.76 ~
14.71 mg/kg(F& 5) . AS[A)% B I P K b 4 398 4 25 R

-4 i MR EIMEIR A 2 250 B /hm® =1 325 f#/
hm?>>1 750 #/hm® =925 #k/hm?, 2% 51K 5 45
BN L N T VA el 1 BN R
T EREFE(P<0.05), 060 cm T2 HHEME
AP &N 13.33 mg/ kg, AL H N 7.76~18.03
mg/ kg, AN [l 25 BE AR AR 1 3 S A & R
F/MEYCH 1 750 Bk /hm? =1 325 #k/hm?®>925 #k/
hm®>2 250 #k/hm*, Z R 845K KW, HE N
1 7504% /hm® JIAS AR b 1 A S A0 38 & 1 5 Al
WAy E 2 ] 2% R W (P <<0.05), 060 cm +J2
AW O & BN 2.89 mg/kg, AEALIEH N
2.19~3.42 mg/ kg, £ % LA 53 S W 34 5 1 K 3
JIMKYR A 1 750 Bk /hm?® =925 #/hm? >1 325 #k/hm’ >
2 250 Bk/hm? B BE R 1 750 Bk /hm?® BY I FS Ak 1 4 51
551 325,2 250 Bk /hm” i1 # Bcth 22 8] 4 37 35 30 5%
W2 R (P<<0.05), %N 1 750 Bk/hm” A
b+ AR IR S R OR
F5 FETEMRATHMERLFESRR

Vgl 12 BAR WA/ WA/
Fehm™®)  HE/em (mgekg ') (mgekg ') (mgekg ')
0—10 14174033 10144098 3.1140.14
10—20  10.07+0.17  10.91+2.88  3.1640.23
20—30 9.054£0,02  12.67£0.15  3.15£0.14
925 30—40 7.794042  10.08£1.62  2.8240.32
40—50 7.91£0.28 1258150 2.87£0.04
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F4 10.53£0.01b  12.30£0.31a  2.7240.03b
0—10 11474014 17.8242.37  3.1440.06
10-20 1034048  17.54£7.31  3.2940.25
20—30  10.9140.27  14.23£1.34  3.4240.13
1750 30—40  10.21+0.36  15.71£1.68  3.00£0.16
4050 9.5240.17  17.20£3.10  2.92+0.15
50—60 8404042  14.39£1.19  2.80£0.09
T 10.14£0.05¢  16.15£0.94b  3.09£0.04a
0—10 1134076 11.8740.54  3.1740.28
10—20  12.6640.27  9.03+1.10  2.95+0.35
20—30  13.64+0.43  8.82£0.90  2.5340.14
2250 30—40  11.80+0.41  815£172  2.4240.04
40—50  12.31£1.00  10.68£1.02  2.57£0.31
50—60 12484039 8124051  2.2740.18
FHE 12.37£0.31d  9.45+0.30c  2.6540.06b
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