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IR AE AR 0~20 cm I NEF AN G, ME 7 H pH A AL R 20080 TR 2 A A &, Ed R E
R B AE 5C2 BT HEAT B IR FR TN, 45 B AH S8 S0 R RO A3 BT iy IR R o Wi Al N ARG Fa x5 Fo
Mo 2B LSRR AT SR G VR o (45 2R ]S Fibk o) T3 AR 1.24~1.29 g-em™, pH ZZIE N 4.11~4.24, LR
HEN 21.43~28.18 gokg !, A S A 1.12~1.42 mg kg !, BB A& 40.62~55.20 mg-kg !, BRE SN
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G TN R EE R S PR it P AR SR R RS

FiRIA): AR I AR SR AR R I KRB AT MRS R NI D RELE
hE S S714.8 RRFRIRTE: A TEHS: 1001-411X(2018)03-0073-09

Comprehensive evaluation of soil fertility of five typical forest stands
in South China

FENG lJiayi, CHU Shuangshuang, WANG Jing, WU Daoming, MO Qifeng, ZENG Shucai
(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] Evaluating the soil fertility of different forests by a variety of evaluation methods,
analyzing the influences as well as differences and similarities of these evaluation methods on soil fertility
comprehensive evaluation and providing a theoretical basis for forest soil nutrient management and sustainable
development in South China. [Method] Five kinds of forests, including Acacia spp. plantation, Cunninghamia
lanceolate plantation, Eucalyptus urophylla plantation, Pinus massoniana plantation and broad-leaved mixed
forest were chosen to measure and analyze bulk density, pH, organic matter, available phosphorus, available
potassium, alkaline nitrogen and total nitrogen in soil at a depth of 0-20 cm. Single index evaluation was carried
out by membership function and partial correlation analysis. Combined with correlation coefficient method,

principal component analysis, grey correlation analysis and Nemerow index method, comprehensive evaluation
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of soil fertility was conducted for five forest stands. [Result] The soil bulk density of five stands were ranged
from 1.24 to 1.29 g-cm, and the values of pH were ranged from 4.11 to 4.24. The contents of organic matter
were ranged from 21.43 to 28.18 g-kg™', the contents of available phosphorus were ranged from 1.12 to 1.42
mg-kg ', the contents of available potassium were ranged from 40.62 to 55.20 mg-kg ™, the contents of alkaline
nitrogen were ranged from 106.12 to 132.28 mg-kg ' and the contents of total nitrogen were ranged from 1.03 to
1.45 g-'kg . According to the second national soil classification standards, the levels of organic matter and total
nitrogen contents were above average values, while the level of available phosphorus content was low, the
content of available potassium were ranged from low to below average level, and the content of alkaline
nitrogen were ranged from above average to high level. The contents of organic matter, available potassium,
available nitrogen and total nitrogen in broad-leaved mixed forest were significantly higher than those in some
plantations. Organic matter played the most important role in soil fertility, while available phosphorus was a
limiting factor affecting soil fertility. The results of comprehensive evaluation of four kinds of evaluation
methods were consistent. The range of soil fertility from high to low was broad-leaved mixed forest > C.
lanceolate plantation > P. massoniana plantation > A. spp. plantation > E. urophylla plantation. [ Conclusion] The
soil fertility accumulation of broad-leaved mixed forest is better than those of other plantations, while the soil of
E. urophylla plantation have low fertility. The applications of phosphorus and potassium fertilizer and the

adjustment of soil acidity should be emphasized in the management of forest soil nutrients in South China.

Key words: forest soil; comprehensive evaluation of soil fertility; principal component analysis; grey correlation
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analysis; correlation coefficient method; Nemerow index method
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1.1 fRSEgtsR

PEMA T ZRETEMEHE (111°03'08"~
111°52'44"E, 22°25'11"~22°57'34"N), 4= 1l J [ X
2327.5 km?®, Horbli s i AR 873.4 km?, [ I A
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Pl J01+090 =8/ —x). 3 <x <
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Tab.1 Basic status of sampling plots

b Vst B P R /em I P12 P Er/m 4% /cm
AH K 25.7£1.0 5.1£0.7 0.5+0.0 13.5£0.9 14.0£1.0
VXN 28.742.1 5.4+0.6 0.7+0.0 11.340.6 12.4+1.3
FE R R 22.2+1.1 5.0+0.4 0.5£0.0 13.8+1.1 12.8£0.9
Y E/N N 25.5+1.1 5.120.4 0.5+0.0 13.240.5 13.4+0.9
fiE] TR S AR 25.6+1.7 5.7+0.6 0.7+0.0 14.3£1.0 15.941.8
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Tab.2 Values of turning points in membership function

s R g DGk o W/g; ;f) e k)
X, 1.00 3.5 6 3 30 30 0.5

Xp, 1.15 6.5 40 40 200 150 2.0

X 1.25

X4 1.35

R 2R — I, MR S B SR & B2 R 2.

HeEE b X 455 i Y R P L, pH JEHEIAE 7.0 LR,

RN AL e SR ERE A S = SUR EYE

0.1, X < Xg4

F(x)={0.1+0.9(x—xa)/(x;,—xa) , Xg<x<xp (2)
1.0, X2 Xp
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FE5E A NE Ui 358, St AT ik e T 22,
1.42 &M E RATH 4 M50 5 M
Mor R AT LI I 275 VAN .
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5EA, S5 ERHLX 5 AR R IR T SR & VRN 77

R, PARIEE S8 P& T M ST bR E T
VUELL Pyminy 9% T I 45 65 1 5L AMEL S
Py PO S5 A S5 A T 1 Py 11 T B2
AN R IR R X A B,
T (n-1)/n RN T RWEAT LS 1, B 207 - M
BEARHCRE n B0 U T3 M

2 RS0

2.1 AR LB T IEIE SRR T

F IR AR A G T 4 Rk 3 TR,
A 5 BB/ INE T R R A > BT > R
STlff 2 & B> E>pH, bR 7 pH NE52 546, HAh
6 MetriE THEAER. K-S KKK, 75 H.
pH AU MR & R FF A IE A0 i, R0 AL
B AR SR T RN R E A IES S
A, T0 75 AL TR SR AH

ANTE AR 43 2 AR 4R b g R 3R 4 Fiow,
5 R KA IR FAE 1.24~1.29 grem ™, 2K
PR R RA AR i TR A AR R AR AN E
(1.00~1.25 g-em™), FHEARFIAZ B R 30 55 (1.25~
1.35 g-em™), By R FAMRAN f b 1) - 438 25 B Ak T i
B A X B I S (1.25 grem), 3% pH

TE 4.11~4.24, J& 50 M 1 4E (<4.50), BB/
1.12~1.42 mg-kg ', B G B WAL, RAE2EE 2
IR A8 A 53 bR AE™, 5 TRy 1) A LR & &
YIJET 3 2% (20~30 g-kg "), RIH B /K7, Sl Somt &
I 6 F, BIRMKAKT (<3 mg-kg™), & 21K
FZAIARAN i) I VR A AR B B o o 4 4, BFRR
K (50~100 mg-kg ™), AHEAR Fe b AR RN B B A
NS, JETARKF (30~50 mg-kg); FHEMR, AZAK
PR R ARFD T R AR R IR B S BB T 3 4,
B ef E7KSF (90~120 mg-kg™), Fal H-JR 22 FA P ol i 250
RN, BT 2 &mKF (120~150 mgkg '), 4>
RE &SN 3 %, Bl EAKF (1.0~1.5 g-kg )

5 H . pH A A 3 I AR AR E S PR S
RA 2 [T R (T 4). MR A G LR
TR E R TR, A LR & A 2R
FRAN Ly FEAA PR 2 (8] JC 535 7 S U B B3R LN
A R s NN 7 N N NG R - 2 N 12 D5 S T
RS HADR A BT B =R WRE S ERD
N IRAS MR ZE KT 4 FhNTH, 2R EEXRI
AR A MR 2 K T A2 AR, HoAth 3 Fibk 32 1]
TRFEER. LRERE, RS LIRIE ) 2%
PR 4 PN RS

*3 TRiEtRER G

Tab.3 Descriptive statistics of soil indicators =150
r Hffgem®)  pH D wmele) G
(g'kg?) TR T TR A (g'kg?)
RMA 0.99 3.76 17.92 0.74 20.67 100.20 0.45
PN E] 1.56 5.02 31.38 2.44 64.90 140.88 2.83
FHIME 1.26 4.17 24.52 1.31 48.30 117.47 1.27
FrifE 22 0.22 0.39 11.08 0.70 17.36 33.85 0.66
BE LU 17.88 9.45 44.13 53.79 35.78 29.72 51.59
IR IEA& IE# E#& XTHUERS XGRS T E A SHEER
R4 TR LB IR S35
Tab.4 Soil fertility indicators of different forest stands
e ﬁﬁi ol w(ﬁm{]ﬁ"i)/ _ W/Fm:g'kg") _ w(é?%?)/
(grem™) (g'kg?) TR A TR 4 (g'kg™)
AH AR 1.29+0.11a  4.12+0.12a  23.39+5.70ab 1.25£0.65a  46.98+14.32a 109.83+14.39b 1.22+0.25ab
AR 1.24+0.08a  4.14+0.29a  26.22+6.08ab 1.40£0.40a  53.06+11.24a 114.70£13.58b 1.03+0.31b
FE R AR 1.27+0.18a  4.11£0.13a  21.43+3.79b 1.1240.50a  40.62+5.35b  107.16£29.54b 1.35+0.23ab
)Y/ S 1.25+0.14a  4.23£0.22a  25.82+9.49ab 1.34£0.27a  46.71+6.7ab  106.12+14.52b 1.28+0.62ab
PSR 1.25+0.13a  4.2440.31a  28.18+2.4la 1.42+0.05a  55.204£5.39a 132.28£9.02a 1.45+0.08a
M 1.26+0.02 4.17+0.03 25.10+0.90 1.31+0.06 48.50+1.42  113.8742.76  1.27+0.05

1) AP HAE A T AT AR, B9 H G LR A — AR F8 5 £ 7 RF Ay £ A E £ 7 R 2 F(P>0.05, Duncan’s %)
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Fig.1 Radar plot of membership function values of soil
indicators
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T 52 B bR (R FE A ) 33 A 7 1 52 i AN R AH ]
I % B2 % T L S R AronS 1 A ) 1) DTk A
BB IE

X AN [E) AR 73 2R 1 - 38 i A S5 8 2 A ik 47 AH
KA AT, I A O¢ FHE P SR A5 AH ¢ R B
SFIAME, AT R4S I R AR ot AR 77 BTk
B, iR 2 s, srEkE KB A8 A L
Jit (0.232)>T % (0.199)>3E R (0.180)>% H
(0.110)>pH(0.105)>1# &%t (0.092)>4& (0.082), A
BUFX AR e B 7 AR BB RIEA .

2.3 TIERRHEETFN

2.3.1  EmaoaotiEk KT ALEIE SRR
KMO #5525 524 0.607(>0.6), Bartlett Bk AR I8 11
B R BUN 0.00(<0.05), A B IE S 3T 3 Rk
Gy B e IS 3 AR o BT A4S B R R R

T

T UL

2 BHHIRIEGREHEEILE

Fig.2 Radar plot of contribution rates of soil indicators

J7 22 5T MR ZE RN AT HE R S WIER S o o LA EUH
3AERSY, & F RS FRFEE 73500 1,727, 1.344
A1 1.089, R 3 NS RIT T ZE TTHREIL 24.671%.
43.869% 1 59.421%. 5 1 Tl FEG SRR
HEEHHLUR. EE AR R, 5 2 TR aE
pH U, 5 3 EMa B 2% BT ARTT
ZE 3R HIAUE RECR DA FUR (0.180)> 38 2447
(0.151)>BHAR A (0.149)>4% (0.142)>pH(0.141)>i%
B0 (0.132)>%F 5 (0.105), A HLF - 3EAE S 51
LS iy N SRS VG R AR o

ARAE 2 AR R SRR (K 1) BLACRABARI
BCEAH (£ 5), Bl 545 2 1 L3 A8 ) 256 VP
H2 6 Fin, 561950 1E 0.380~0.439, MK E] /)
MR g il P S8 RS AZ AR bR > 1 R A PR > A SR AR > Fiz
PR, il VRS MR AR K, R AR B /)
232 REEBEHME N LIEKIE SRR K
ORI HTEE RNk 7 Fios, bR TR B RBERE
UM AR M = LA, pHL B HLR . 3 2500
SRR AR SRR A U SR I ZR 3 D A I TR A MR
1o FE T AT R bR ) SRR FE R U (B 1) R
R (GR 7), W45 A R4 28 B 1) 38 R g K
ORI RE (R 6). LIEAETIHIK B CHRFEAE 0.611~
0.965, MR F /MK KN fidl IR 38 SR> 12 AR K> 1 2
Fos bR RE R B> R A PR, T VR AT AR B kG, AR AR

/N
233 ABRXAF TSI BIEIRAR)E L

BREUE (B 1) RO AR S sTk % (] 2) 3EAT
BB, KA [RIAR 43 S 88 & T - I R bRt AT 45 &
PEAT, SR UNE 6 B . LRAETRETE 0.420~0.519,
IR FN NI R T8 58 PR A2 AR bR > 1 JRE s bk~ A
SEARS AR, 8] PV A AR S T ) AR B 0 e v
http://xuebao.scau.edu.cn



53 IFAL, 5 LR HLX 5 P ARG ST L IR A I ER -G 1T 79
5 TERIERNERS S
Tab.5 Principal component analysis of soil fertility indicators
NPT
+ e — imﬁ?fﬁi = AT % (@)
RE 0.502 —0.175 —0.441 0.419 0.105
pH -0.175 0.707 0.137 0.567 0.141
B 0.801 -0.102 -0.009 0.720 0.180
K 0.072 0.734 -0.056 0.531 0.132
oy Eal] 0.523 0.502 —0.258 0.605 0.151
TR 2 0.712 0.094 0.235 0.598 0.149
2R 0.134 -0.046 0.866 0.568 0.142
FHIEAE 1.727 1.344 1.089
T7 E TR/ Y% 24.671 19.198 15.552
R IT Z TR % 24.671 43.869 59.421
#* 6 AEMS AR TR HESTN
Tab. 6 Comprehensive evaluation of soil fertility of different forest stands
Ny FHSr o3 ik RT3 B i FHR K RIE WD e sk
ZE/TES  Hr KEKRIKE(CY)  HEF SETRBAFD)  Hy  AEPREHRE HF
EDSYN 0.402 4 0.622 4 0.446 4 0.294 4
AR 0.428 2 0.749 2 0.489 2 0.314 2
R bR 0.380 5 0.611 5 0.420 5 0.290 5
LR 0.414 3 0.691 3 0.457 3 0.309 3
fid] YR SE bR 0.439 1 0.965 1 0.519 1 0.357 1
* 7T BUTIRAENIERRIREKRY &K, )
Tab.7 Correlation coefficients of individual soil fertility indicators
Ay RE pH AL R Ve 0% 2 A
AH K 0.442 0.778 0.496 0.997 0.742 0.426 0.470
AR 1.000 0.803 0.706 0.999 0.917 0.487 0.333
R R 0.410 0.765 0.412 0.999 0.618 0.399 0.673
LA 0.528 0.977 0.666 0.996 0.736 0.389 0.544
7] YR AZ 0.753 1.000 1.000 1.000 1.000 1.000 1.000
. 3 iigSgw

234 WHMF IR ET WS REEN L%
B 71 256 VR 45 B 5 32 80 g BT ik K 8 R Bk 4y
By FAH 96 56 L — B (3R 6), (RN Z IR B
EARAK, A FAR 7 288 2 (8] 22 i/ o G2 48
BEF A ETE 0.290~0.357, MR FI/IME IR R i
1) R o N SRS VN S E D B 7 e 3 S o R
B R SRR E AR D BB T N Ak, N Tk
HORZ ACRR () L 3 B 7 AR A T AH AR | A B AR RN
L BFA R
http://xuebao.scau.edu.cn
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JRE ARV W R I R e
of, W REAR S AL AN L B B A R R
AR EIRAL T B AL T 4 BN, A AT 0%
NEIRREE, IX ST AW Fe 4 R — 20, RBONEH
IR RT3 B ORI IO R IR AR MRV 52 2
M T, 3850 0 B8 RO BN TS,
3 J7 T ) e Y S AR B R 2 1 DX TR Vs
TEVE S SN 2% PR AL RCE = R Tk
RS A R, FAT S 0 5R VA IE SR A AN IR
IPARERE I B, FER AR AN E 1 N AR
RERE A, IR SR BUAT R AR R B A B, SIA
& LRI, AR T RO REAT B A ) 0
TR B

AP RN & B 2 L IR IR 51
I RBE A A, BAEOUE 7T 45 R & 2L, %
RUAE AR A o AT [R5 S A pH g9\ 35
NE 3 &5 PRI v, AT i B 4 i e Bk - 3
Wit LR A 1 LR ST, B 1%
BANE NBTEREMRKRE ', pH & IR
JREER R I, X TR AT A S B
Mgl ACHIE T 45 KR W], 5 FhAR > SRR [ 3 Oy
SEMR A, DS Oe yE R U T 3% pHL 3& A AR A K
SEALEE DA AN SRR M o S I HE 5 Ok R AN
I3 T T SR AR SR T A 2 WA LR AE
BN b otk F AR, e R ) B E AR AR,
BRI/ RIEFR O ABEE DI S, X A
JIRGCEA R, PR TR e R 3EAE 0 i
1R AR EMERK L EEIRITR, K
A RS EAE ) BT BE RSN R Y A 78 s E 25 UL s ik
EIRURAE LIRS E I 5 bR 1 45
15 R SRR SRR A, REAR B 2 R X ROT R
(K175 5K, SEHBON TR R IR 7 o (H IR PR A
PERIIE B8, X 5 A NG5 R — 200, sl A &
WAFAE AR A B G o PR I IS F vy = 38 v F 3 4 9%
oy G, A8 R IR o BN RV HE 0wl A A L
JIE, AT AR AR AR 7T

SR L R AU R SRS VR b Bl b R AL AL
BRI — o AWFFUE T 58 5 o0 o R
SRR BEAT AR AE AL AL B, AR SR R A B 1R
SRYLFE FTR Y B R RS, RN Ks T B i b e T3
FE 7 F R L B SN D BRI AT L, AT A0
P, G200 S a3 300+ SR b AE IR AL S 25 F
P PR o K EH T 2 IR bR i) 2 1 o3
AE B s i 2% T S JIE T3 48 AR RS AT Uik =%, 17
Pt R/ EEARIL 7 IR IR,

LAV S R T BA R LA, Wy LI

PHTE R EERIAE AL —.

AWFTCAEH 4 BP0 5k AT LIRS 5 &

PR IS5 — 20 UL B AR B Xt 4 FOTEAR B

—HE . EAFEVEG T E KNS BT AN,

WEAELE G VR 708 BRI — e 2 5, 7R

NI AR IR IR 53 W 1> AR DR 08 R 2> Loy 4y

Mrid> W Hig B e Bk o IR E ORI 3 Wi 2 LA FR

IR B ORAE 2 ST B AR HS, T UKD 2 P G di /N ZE AT

PIR R K72, A 25 18 1 3 A 7 ) BRARDIR S DL e

B ) PRI 2%, A AN ) AR 20 22 1) ) PR A B 22 R R A

1 27 15 B00E 2 5 FE A PR 4 R B e A

JETTHIFEME, T BT A AR 23 S TR A - S R R

B B SR B B AR, BRI 7 AR TR

O, R M 2 F8 B0 I 75 VRAN 0B B /s AR S)

ZE AN K s ORI R VE I 8 b (8] ) BBURR B2 R /1

B E FRARALEE, R 7 A AR AR R B R 2

YENT X THR PR 2 I BE B2 A ROt F I X 3%

NEJAG BRI A 2R o A OG5 S35 AN T2 5y 70 M

RGP B SO IR, B A T R bR

WA —E %5, B4 BAE K RIE PG

B R TR T b AR, 005 0.081, (HE K7

SHTIEIF HIBLE N 0.142, 76 7 & bR AL 51 5

4. HTASCRAM 4 FIERITEYIRE T4
H, 2B A B B AR HE 2 1A A LR R ) B
S, T s LA 1) R 22 DA SR A 0 e B3
P B B0 At 2 0 TP A 5 R AR S, AT N AR
P PPAN AR 2R b B AR FR 28 i b B A HE o A Y
SR 1 O R IE B & B PR 7 AT AL I R
FPPT .
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