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Study on Soil Improvement Effect of Different Stand Types in
Jiaodong Hilly Area

Wang Qixin "%, Yang Jing*, Zhao Zhenyu*, Liu Wenjing ', Lu Yue ', Gao Fanglei ', Xia Jiangbao '

(1. Shandong University of Aeronautics, Shandong Key Laboratory of Eco-Environmental Science for Yellow River Delta, Binzhou Shandong
256603, China; 2. College of Forestry, Shandong Agricultural University, Taian Shandong 271018, China; 3. Dongying Wetland City Construction
Promotion Center, Dongying Shandong 257000, China; 4. Ningyang Natural Resources and Planning Bureau, Taian Shandong 271400, China)

Abstract: Take the bare land as a control, 4 forest types including mixed forest of Robinia pseudoacacia,
Populus tomentosa and Quercus acutissima, mixed forest of Pinus tabuliformis and Quercus mongolica, cash
forest of Castanea mollissima, shelter forest of Pinus thunbergii were selected in this research. Ten soil physical
indexes such as soil bulk density, porosity and water storage capacity, 8 nutrient indexes such as soil organic car-
bon, total nitrogen, total phosphorus and available nutrients were measured and analyzed. Comprehensive evalu-
ation of soil improvement effects of different forest types by principal component analysis and fuzzy mathematics
membership function method. The results show that 4 forest types have improvement effects on soil physical and

chemical characteristics, such as reducing bulk density, increasing water storage capacity of soil, and improving
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the nuteient content of soil. The improvement effect of different forest types on 0—20cm soil layer was better than

that of 20—40cm soil layer, and the soil improvement effect of broad-leaved mixed forest was better than that of

pure forest. The best comprehensive improvement effect of 4 forest types is the mixed forest of R. pseudoacacia,

P. tomentosa and Q. acutissima, followed by shelter forest of P. thunbergii, mixed forest of P. tabuliformis and Q.

mongolica, and cash forest of C. mollissima is relatively poor. In order to reduce soil erosion in the research area,

improve water storage capacity of soil and increase nutrient accumulation, it is necessary to choose the mixed

planting of multiple tree species.

Key words: soil; water; nutrient; stand type; Jiaodong Peninsula

TIEA YR A . B, B EE SRR
kWA, BRRBUESHIRERANFE T2
— U MR RORK R SR SRR R
BRI T R R 1 AR B B AR T ), T
PN [ AE B 2 A ol R RO AT ER A PEA, T
AR Tt R USSR G, I8 R ik
A7 S B b Y )

TR PR 2 0] X R A AL RS BB
PP AR RS BIRER ST AR,
For o mP . MA YRR SO S A s, TR
I BRSO EERT . ZZBEN .
BWRESAEREMEREE . EMEs, +
GRS E M, LA EH TR ERK A
FU A R AR XELAR A A L 12 Feb
AR B A MBI ST & B, AR A 1 AR 3
FVORA IR R, U A K R
TSR, T IEMO IR SR 0 B T RE T
5 5 RO X1 BOR R R4 2 8 4 49 A
SR KB, ¥75% ( Caragana intermedia ) ‘50l
( Hippophae rhamnoides ) 1AM AT g 2 3t + 1
EBESLBE, IR E, 46 T A
i RTEME PRSI S B ( Pinus masso-
niana ) + ¥W ( Quercus acutissima ) I3, 5
BE¥S + & ( Liguidambar formosana ) %38 M55
MO R GE KB, TR ACHR 13 pH A1 4 1 %%
BAK, /KA RL LG4 5 5 o R e ST T
Z MR AR 5 A R AR 28 1R A8 A A 5% &
B, #RE5EAK ( Cunninghamia lanceolata ) 1832
Ja, PRHL ISR AT Bk, JUHE LA L
Fr, Jf HE B2 0OmE, LIRSS mB i
ik S0 AN % BN TR AR A 28 R AN [ + )23 28
AR BTN - TR A s 25 R B 2, R JE
NARURR, MR BCREA. I, AR
2 FEBA IE MR S AP T DLk st IR . $E e
ALY/ Vi A

B L1 ) 8 AR B A R e AR e g b O g i
RIARER, HING 5 vp X2 DIAFIE + o b it +
g, Je e KEuha, PR, LR, A
RFRAKIRRE e 2%, B B A iR A O g g B2
AN 25 i DR A e 2 i R PR A, B - E KRR
JIFRE, KEWARE™E, EENIGHE TIER
PR R X AR R B i LU I A AR B
WX A ( Robinia pseudoacacia ) + 145 ( Popu-
lus tomentosa ) + WKk ( Quercus acutissima ) %3¢
M. MRS ( Pinus tabuliformis ) + ¥EW ( Quercus
mongolica ) IRZZH . B ( Castanea mollissima )
ZGEAR . BBMS ( Pinus thunbergii ) Bifrak 4 B[]
MO RIETEX G, DIBRHAE XTI, B
(R AR 73 28 1Y 1) A 57K 1 3 o M - S8 57 0 FREAIE
MASAC AL, 256 R o i RO B SR s
PRECEHEATER GV, Ak BT XIS IX L 1Y
USRI G, BT NIAR B b X K
AR A A R T A BB A B R R BRI S

1 #Rl57E%

1.1 AREER

B A L ARAR A B (121°37'00” ~ 121°51700"E,
37°12'20" ~ 37°18'50"N ) i THA 8 b X, i
B, J& T L EE Y, S 15416.5 hm?,
Kl X 6486.0 hm?, 28 X 4481.0 hm™™, J& T
W IR NI R KU, AR AOR 12.0 ~ 1229 °C,
e it B TR 2 38 °C, AFE &K & 633.1 ~ 809.2 mm,
W ZE T EREZ, SIERENPY, EKERE
BRI X SR A R AR LA B S B i L
BMAER, Mg S mARE P IKE , KRR
RE BRI . IR RO 20 2Bhn . Ths . R
R FIM . HIBE . ARSE . FERESERFD
1.2 HRIFFH

2022 4 6 F 75 B i L AR AR 2 el 22 o IX 8 R
A AR 4 MR SR S BF X 5, ik
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PEAHAB R AE A XTI (CK)o TEIERE . B, 3¢
fL . R AR A S T — B R
MR AT BRI 3 A FRERE ML, BUAR D 20 m x
20 mo 4 bR 23 24 R 0 A el g 06 5 A LI BH AT
Boh e (1) 4 bk 2R3 5 9 RIRE + H
W+ RARIR Sk ( CBM ) . 3R + F A8 TR 52 bk

(YZ). MFELFAM (BL)., BB A (HS ).
JIT 356 PR 43 B4 s AR ) R4S BB AR ), AR 240 A
8~ 10 ao T MAT 16 15 T I HT 3 a LALFA +BR
EohE, RATREMNOERNETRE, —BihHi
i H0FE RS2 5] s 7E 8 ~ 10 a 4% “HRALSS Y,
SRR BY T D08 B A ] < 55 M & 1R T o

®1 ARMSEABNELRER

Table 1 Basic information of different stand types

Moy il /a RIIE /(B -hm ) & /em P /m T/m ) eI/
CBM 9.0 1200 14 4.9 22.7 15 41
YZ 9.0 1100 15 4.0 81.1 30 158
HS 10.0 1500 12 4.8 10.0 12 4
BL 8.0 780 18 5.6 51.1 26 315
1.3 H&FE Origin 2022 #1783 53 Hr b AN E R WIAE . FEE

ERAPRIEFE L, $e i “S” M7k ik
5 B HERAE SR — MR A W, 3 5ITE
0~ 20 cm A1 20 ~ 40 cm + )2 4T +HERE S REE

A LB . EESKESERHRT
JIRKEEI e, R R KR BRI
Kig, EBERKNKESF HPEE KRR
Aoan B,

W= 10000% P, X h (1)
W.= 10000xP.xh 2
Woe= 10000XP,c xh 3

Kb wohEEER RIS, Pl RALER
s W R BERRYOKE, P HEEESLE
JE, W MAEBE R R KE, P, NMEBEFLMK
B, h )RR,

A R K AR A0 B A A U,
@

M,=M,,—M,, (5

Kb My M HEEMREREKE, M, AHAE K
W, M, RS KE, MO TIERSRE =,
M, HEEE KR,

t Lk . 2R RHITE ML (Euro Vec-
tor AN H, BEAH) ME; ik HHBD Ak
W s BARAMSE RN AA3 S 8 BT
( Norderstedt, fE[E ) & ; AWK H NaHCO;
BB BT L AR DE 5 A HLRR R FH e R A 34
oA AL A R B A R
NH Ac ¥ $& — K #E 56 B vE W & 5 pH R pH It
(KL S: 1) MxE.
1.4 HHEE

{di B Excel 2019. IBM SPSS Statistics 26.0 1l

My=M,—M,,

A A () bR 23 28 R Y S R R AR T T, R
PR R SR R B0k AT ZR 5 0FA, AA5K
4R e

AERFERT R RO 5 IEAR G

Xi= (Xi~Xomin)/ X oy~ Xomin) (6)
PR ST TR = Y wb= 4 VAN LB
Xw= 1= X;~Xmin)/ Xpnax—Xomin) ¥P)

s X, SRR RO X, A A MR
TS BRI T s X A X 4050 R [
SIS BR A0 /M A K

2 ERESH

21 AEAHRSEBWTERSIRE

5 CK A, ANFEMIFZERIPR) 0~ 40 cm £
KREETEBES, FRORE. BELRE.
EBELRES A g (& 1),

AN TR AR 4> 2K 0 ~ 40 om Y 1 4 25 8 43 9
Ft CK AR 31.1% (HS) . 27.7% (YZ). 23.1%
(CBM ), 20.5% (BL). 0~20cm £l 20~ 40 cm
+ENTEREN S CKERBE (P<0.05),
MAFEMSRRZ M IR EERARE . 0~
40 cm A [F] MRS 2R ) 4 58 S AL R 23 51 H CK 3
i 36.7% (CBM ). 32.4% (BL). 27.9% ( HS) .
19.3% (YZ), BESLBREE 5 CK ¥ 36.8%
(CBM). 272% (HS). 23.8% ( BL). 11.7%
(YZ), 0~20cm +JZ, CBM % B FLEREE I E
EILBUES S CK 25 8% (P<0.05), 40l
CK }4 i 54.2%. 52.4%; FEEBHFILBIE YZ. BL
HCCKEREBE (P<005), 25l CKK
59 %M 6.81%., 20~ 40 cm + )2, AR
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RFLBRBES Z R AR . N ERRVORE, +I#
AEFIN 0~20 cm /N F 20~ 40 cm +)2%; CBM
Ay HEA . SFLBREE . AEBESLBUE A YZ 1Y

20 Aa

TR F/(g-em™)

HS
Moy

BEILBE %

YZ HS
Mo

FEEAREERAN 2 +EZREE (P<0.05),
HAMAP KRR 2 3R B . ARSI 5
FLEEE S FEIN K 20 ~ 40 cm KT 0~ 20 cm 1 JE.

60

50

40

30

SFLBREE %

20

10

mpmp mp owp wp mp wp

CBM

EBE LB %

] 0~20 cm [F_]20~40 cm

ANRAKREFERRMAMRGEBRAR L ZZFRE (P<005), NE/NEFERRMELBERRMASLERLERDE (P<

0.05),

1 AEAMRS LB LEFESFARE

Fig. 1

2.2 AEMSTFEBH T IEE KT

5 CK M, 0~40 cm T2 FEKS 28+
B RIK S . BERKRIK G FIEEE 5
RSB (£2).

0 ~ 40 cm + 2 KIF/K#E KK CBM > BL >
HS > YZ > CK, EE &K /KEMKIK N CBM >
HS>BL>YZ>CK., 0~40cm +EHE & & /KE
CBM 1 HS 43 %] v CK & 26.5% F1 26.9%, YZ Hl
BL 43l b CK A% 29.0% F1 38.2%. 0 ~ 20 cm AN [F]
Moy A + B KM K 5 CBM, BL 5 CK % 7
& (P<005), BEF&HKAI/KHE CBM Y5 CK
ZREE (P<0.05); 20~ 40 cm )2 AR5
KA K ES CK 25 AR E.

0 ~ 40 cm )2 AN [FIAR S S A+ HE TR & PRk

Bulk density and porosity of soil of different stand types

A6 R E =¥ 4 BL > YZ > CBM > HS > CK,
& B AR CK I S.6 65, 4765, 3.414%
3245, AROMRE RS E CKIY 58 f%. 4.9
5. 3.8 M%5H1 3.6 f5. 0~20cm +JZ AR
R E REOK A R E S CK 25 W
(P<0.05), 20~ 40 cm + 3 & (&K & FAH %
WEEMNYZ, BLECKZREE (P<0.05),
MR UORE, Fl—Msr2Eit, CBM 15
KIFK&E . BERKEKERHEBE R KE
TE0~20cm Ml 20~40cm +)ZEEF B E (P<
005), YZEEE AT KEERBH (P<
0.05), HAaWERANEE; F—HMHo3A80 1
WA P K B A B B AR 2 R 22 R
AR AT, AR 5 iR KK
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. BEHRANOKE . FBEHRANKE . WE
K A O E R RN 0~ 20 cm KT

20~40cm +)2 (%£2),

B AR K Y
(thm™)

HE kAL
mm

R

mm

33.13 £ 4.814%
9.00 + 3.56™
84.87 £ 12,417
39.67 +26.77%
15.00 + 7.07*
32.40 +£25.414
98.40 + 53.50™
42.07 +32.58"

14.40 + 9.70%

47.47 + 10.487%
18.14 + 7.87%
49.66 £ 11.06*™
41.99 £ 19.72%
36.87 + 3.68"°
25.98 + 7.74%
58.86 + 13.224°
49.77 £9.55

12.89 + 1.75%¢

F2 AEMDEBR TIEEKEFE
Table 2 Water storage characteristics of soil of different stand types
oK +)z EEEKE BHHRKRNOKE  BEEREUKE/
cm % (t-hm?) (t-hm?)
CBM 0~20 17.70+£3.48"  909.50 +27.34"* 876.37 + 2327
20~40 18.77+1.64"  721.03 £130.45%  712.03 £ 128.35™
YZ 0~20 11.36+1.34*  761.50 + 88.55"  676.63 + 80.64""
20~40 912+ 1.78%  660.66+210.074*  620.99 + 234.63*
HS 0~20 17.56+4.76*  770.08 +131.40°®  755.08 + 138.45"®
20~40 19.03+4.64"  754.83 £ 113.41"  722.43 £90.26™
BL 0~20  9.06+2.49%  832.57+125.00°  734.17 +70.94*"
20~40 876+ 1.14% 74592+ 62,92 703.85 + 84.20™
CK 0~20 13.68+3.54"" 647.83+4570"  633.43 +53.35"
20~40 15.15+1.32%*  544.83 +65.40™ 528.03 + 57.54"

16.80 + 4.57

6.51 £ 5.70*

44.16 + 10.43"
17.24 + 7.748%
41.17 + 10.04"
38.02 £ 22.04*®
3537 £3.18"
22.74 £ 10.03"
49.02 +7.12
45.56 + 10.64"
11.45+2.19*

4.83 +4.36%

IE: ARG PSRRI 1R 2R BEP <0.05), N/NGFEZRAR LERFEMSERZES BIEEP <0.05).

23 AREMSER T EFV K
bk BL 248, HAEMaEM0~40cm L2A
Wl S CK AR (K 2).

LR/ (g kg ™)

oA
~20 cm = 20~40 cm

ARKREHRERHFAMSLUARLEEEZREE (P<
0.05), ANE/NGFRERAHE 128 [F bRy 28 22 57 1 2%
(P<0.05),

B2 AEWSERETEFR
Fig. 2 Soil organic carbon of different stand types

0~ 40 cm 1 JZ A HLAx 53 7 Lt CK ¥ 67.5%
(CBM). 463% (HS). 37.5% ( YZ), BL It
CK F& 1% 11.6%. 0~ 20 cm + 2 £ #L 5% CBM,
HS 5 CKZ R B % (P<0.05), HAeMKoRkR
WERARNLE., B CBMZ A4, HAeMKS2R
20~ 40 cm HEAHRS CK 2R ARE . N1

BIZRKE, F—MaIER, {LHS - ALk
0~20cm TJZ2M20~40cm +2AZEREBFH (P<
0.05), HpMoRMEER AR E,; SFEKS
ZH 0 ~ 20 em 1 2 A HLAK B B T 20 ~ 40 cm
+2.

24 AREMKSRBNTEEREH

Bk BL Z4h, HARMD LKA 0~40 cm 24
B, AT EHL CKA M (K 3),

0 ~ 40 cm 1 EAN[FAR 2 - e 0 &
%k CBM > YZ > HS > CK = BL, /34t CK 1
h 229.4% . 141.2%. 52.9%. 0~ 20 cm 124 #
CBM. YZ fl CK R &3 (P<0.05), 20 ~40cm
+)24W CBM, YZ, HS¥ 5 CK 27 W% (P<
0.05). 0~40cm +)Z2A&FEMKIK A CBM =HS >
YZ > CK >BL, 737l kb CK 3/ 57.9% . 45.8%,
BL It CK &1k 7.5%. 0~ 20 cm + 54> % CBM.,
HS 5 CK¥2RE%E (P<005), 20~40cm +
EARFM LB 2 FT Y ZFARE . N TR
KFE, [—Hms3ZER, 0~20cm 120 ~40 cm +
EH4Aew. 4%, WHSHWAEARELZREE (P<
0.05). ZEHHT, AEMFEA T FELEHE . 2
Ao BEHIEINHN0~20cm 5T 20~40 cm 2.
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14
a 12 |
—~ ~ 1.0
2 2 08|
S0 S0
& = 06 F
H H 04 |

02}
0

e
B3 0~20 cm E3 20~40 cm
ARAKEFHRRHRAMSEBAFRLEEZRBE (P<0.05), AFR/NEFEHELERMHFLEANRMSHER2ZFREE (P<

0.05 ).
B3 TRE#SEBENTELAEH
Fig. 3 Total nitrogen and phosphorus of soil of different stand types
2.5 AEMDEBETEEHFTS ROER AR A AN R R AR, RS
5 CK AR, AR EA LIEHER . 8 ASESATREIE (K 4),
15 60
a b
50
12 Aa
% W 40 |
- 9 -
&n &n
£ £ 30
® =
£ £
& €
3
0
150
Aa ¢
120 ¢
&n &n
S £
= oy -
g =
30 |
0

CBM

o

0~20 cm [=7] 20~40 cm

ANFERE FEFORMEIMRGETAR )RR BE (P<0.05), RNE/NEFRFZRMFE - ZARMKGETE T BE (P<
0.05 ),
B4 RSB L RENES
Fig.4 Available nutrients of soil of different stand types

0~ 40 cm + 2 8 & A % = 50 5 bt CK B IR (HS), AR 57 CK ) 20.11% (CBM) .

N 2

56.7% (BL ). 47.4% (CBM ). 37.0% (YZ). 26.1%  3224% (YZ). 19.74% (HS). 1031% (BL).
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0~20cm T 2% %A CBM, BL 5 CK 25 3
(P<005), 20~40cm +Z YZ5 CK Z R
F (P<0.05); ANFEMFERN HIEHESA LR
ENTE

0~ 40 cm + J2 B A H & & 57 b CK 3
J351.3% (CBM)., 146.0% (YZ). 86.7% (BL ),
65.5% ( HS), 0~ 20 cm + )2 ##0{L CBM 5
CK %5 B# (P<0.05), 20~ 40 cm + 2 #E 3L
P CBM., YZ5 CKZRE%E (P<005). 0~
40 cm 20 E 4R CK 19 16.9 1% (YZ).
1005 (CBM), 4.6f% (HS). 3.74% ( BL),
0~ 20 cm Fl1 20 ~ 40 cm + 24 % # CBM, YZ 1§
HCKERBE (P<0.05), [F—M32A0-~
20 cm i1 20 ~ 40 cm )2 B SR . AR . HAL
B AR 2R AR E . AT, AR
KRR . A A RN
0~20cm T 20~40 cm + 2, B CBM Z 4,
HARMARAR SRS mIIERIAN 0~ 20 cm fi§
F20~40cm + )2,
2.6 ARAMSEBTIEBUERFERS O

AR > 2 A0 1)+ 3 B AL AR A 22 AR K, i
FRTR B A8 AR (A7 AR A AR o Xl R 43854
N A AR AT FE R AT, SR 44 FE NS, T
34 BTk Ak 80.452%, fE ML [l Ak 4y 35
R BN R ER A 2, PR ks A 3 32 oy AT
EABUE ST, 1 ERSMTTEIR R R K, &
41.881%, A fif it 8K I HE A5 A 1 8 B ALBR
L RRIPUKE ., ARWERE . WERKE., &
B, HORCE . ALK . ESA, TR b R HEER
KCRFAE RN IR 20 FRAE o 56 2 K4 M STk R N
24.699%, FE A TR E R S KE A pH, 7]
TR A N B AR AR o 5 3 R 1 BT RR R
H13.872%, F L far K2 BAE LB B
RIK &, AR 8 RFLBtE (£3).
27 AEMSYER T IEYRUEESITEN

MR 8o o BT A, B A T A R Y
12 PRI TSR sRE AT, FE AR 4300 R g
fLBE . BESLBE . SRIKE . BERRN
K, WMEMRKE., BRUEER. 28, #HNL
BRLOCAMLER ., pH. HER . EESKE, BEE
A F RS R R B (£ 4), RS
FAVN R IRV 255 TF i CBM > HS > YZ >
BL > CK. Al UL, FIRE + F145 + BRERTE SS PR AE ek
KA PR AL 5 T AR e, LR R AN AR
TIPS + FERHR SR, AR SEMRER 2% .

x3 ITEHARBEERESAMHEFRATERTHE
Table 3 Factor load and contribution rate of principal

component analysis of soil improvement effect

F

S 1 2 3 4
T -0.720 0.228 0.220 0.426
BELEAE 0.802 0.221 0.528  —0.143
AALRREE 0.855  —0.019 0.496  —0.015
JEBEFLEEE 0287  —0.747  —0.028 0.396
EEYKE 0.182 0.859 0.301  —0.107
KK S 0.855  —0.019 0.496  —0.015
BE RN KE 0.802 0.221 0.528  —0.143
EBE BRI K E 0287  —0.747  —0.028 0.396
HRE K 0.675  —0.717 0.039  —0.066
RO E 0.698  —0.639 0.050  —0.166
Xl 0.676 0442  —0.391 0.232
AR -0.714 0402  -0.003  —0.270
AR 0.622 0.035  -0.573  —0.089
AR 0.575  -0.076  -0.648  —0.059
T A 0.768 0379  —0.191 0.383
EERIR S 0.652 0.598  —0.370 0.001
pH 0.094 0.648 0.217 0.665
2R 0.652 0483 0427  —0.158
TURREE/ % 41.881  24.699  13.872 7.403
SIS/ % 41.881 66580  80.452  87.855

x4 AEAMKSEBITBEFEHRTHREANE

Table 4 Membership function values of main soil indexes of

different stand types
Bzt CBM YZ HS BL CK
EEFLGE 1.00 032 074 065  0.00
SALBREE 1.00 0.52 0.76 0.88 0.00
BRIKE 1.00 052 076 088  0.00
BE RN K 1.00 032 074 065  0.00
E Rk 0.52 0.81 0.49 1.00  0.00
HRORE B 0.58 0.80  0.53 1.00 0.0
e 1.00 0.64 024 002  0.00
HH 1.00 042 019 025  0.00
A ALK 1.00 0.62 073 0.00  0.15
pH 1.00 000 006 014 0.0
TS A 0.61 100 060 030  0.00
Hig Ak 0.99 0.14 100 0.00 059
Za1E 1070 611 684 576 124

3 GgSitie

31 ARMS LB TIFEE KR LN

AR BRI B A] PR AR AR TGS . &)
fifi R S D7 AT A —E 22 5%, i AN [R) b - 4
Yy BRPE A 22 0 AROPTE R, AR
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31.4%, I+ SFLBRE 19.3% ~ 36.7%. & ik
FUI B Z B AL RN Blfs . Ak Ui
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TSR RACR Ll bk dy, SRR R —3.
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i X R TR 2 A A0 - HEFL Ry TR 3
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TR E A ARl
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