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Indicative Effect of Ground WVegetation on Soil Nutrient Status in
Evergreen Broad-leaved Forest of Guangdong

- * -
OU Yu-duan', WANG Chu-biao***, SU Zhi-yao*
(1. College of Agriculture, Guangdong Ocean University, Zhanjiang 524088, Guangdong, China; 2. China Eucalyptus Research Center, Zhanjiang 524088,
Guangdong, China; 3. Nanjing Forestry University, Nanjing 210037, China; 4. College of Forestry and Landscape Architecture, South China Agricultural

University, Guangzhou 510642, China)

Abstract: In order to understand the indicative function of ground vegetation to soil nutrient, the relation between
ground vegetation and soil nutrient was studied in evergreen broad-leaved forest of Guangdong by using indicator
species analysis (ISA). The results showed that the concentrations of available nitrogen (AN), available
phosphorus (AP), available potassium (AK) and organic matter (OM) had significantly integrative effects on the
distribution patterns of ground vegetation (P<0.05), with in the order of AP>0OM>AK>AN. Indicator species
were Ampelopsis cantoniensis and Tricyrtis macropoda for soil AN <270 mg/kg, Tricalysia dubia for 270-
360 mg/kg of AN, and which was Alpinia chinensis for soil AP <2 mg/kg. The indicator species was Syzygium
buxifolium for soil AK<:100 mg/kg, Carex cruciata for 100~150 mg/kg of AK, and Pteris fauriei for AK>
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150 mg/kg. Indocalamus tessellatus was the indicator species for soil OM>0.8%, Alpinia chinensis and
Elaeagnus glabra for OM << 0.6%, and Premna microphlla for OM at 0.6%-0.8%. Therefore, it was convenient
for forest management and soil health evaluation to monitor soil condition of forest by using effective ground
vegetation survey. The response of indicator species of ground vegetation to soil nutrients could not only provide
theoretical support for the site conditions of the study area, but also provide theoretical basis for the artificial
cultivation of the species, which was of great significance for the introduction and cultivation of the habitat

reconstruction and biodiversity conservation.

Key words: Ground vegetation; Soil nutrient; Indicative function; Evergreen broad-leaved forest
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1.1 BFCHMEAL

22 )\ UG TE X 2 AR R P X (114°09'04" ~114°16'
46" E, 24°40'29"~24°46'21" N)HiAbI™ %48 AL &R 44
WMEEEHN, X 7545 hm?, #ik 330~1 256 m,
AT R AR G, MU IS R R A R, T
PRARE G R oI B4t i S ] I vk S B Bl A A 1200

AXJE T WA ERSMEX, FHHE 195C, 3
FE7KE 1468.0 mm, FHJ78 K& 1356.1 mm, 15
FHXTIRRE 79.7%000, (R4 X ) L TL S AL BN
SR, BEMER KR S EE S AAE KRS L. a3,
MELT 40, PRATHE. PRI, R HEBERIFE A LR, X
6% T AR B VR 2R L 43 Sl v S0 AR o B K L 4 i 1+
AR Ly b 3 S i AR 2 A A T A 124

1.2 5

2009 F 7 H, EZE)\IEEZKH BB XA,
Rk ALE R LA 2R, TR LB L th o 2%
E AR R 343~475 m) N B 20 m =20 m i FEAE
Hhi 48 /> . B ST H LKA (Castanopsis carlesii). A
fur (Schima superba). 5 4% (Neolitsea chuii). &
Ll B (Symplocos wikstroemiifolia) « #& I % B #&
(Styrax suberifolius). #4# (Liquidambar formosana).
% (Eurya macartneyi). 1 #k(Lithocarpus glaber).
F% ¥ (Castanopsis fargesii) fil & Jid f# (Machilus
chinensis) 3= EAR FH M T, FRFFMAIE, &1
1958 “E IR, RiEELIN 40 a, J& T XA LAk,
FEREHL DU A A iR E 5 S 2 m=<2 m #ET7, THE
PR EIM M, 28, SEAEKE., 7
BT BV A AR B BER LS 5 AR, 15
REEAETTR —)Z 5 iR L2 0~20 em [ LR
AT AR ] S, S ) W OE g ) T AR
(available nitrogen, AN)(B8d H%) - 3 2% (available
phosphorus, AP)(Hik g &L 517%) « 8 24 (available
potassium, AK)( ‘K % )¢ B v%) 1 A HL i (organic
matter, OM) (k%) & &4,

1.3 FAEo T

BHEE MR E R
WICHEVR TR 3R 5 R ] (1) LG R [23-240, 4y
i FE A1) B EE (importance value, 1V)=(RA+RF+
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RC)/3, H1, RA JN#HXT £ FE (relative abundance),
RF JyAH X451 (relative frequency), RC JyAH X 15 &
(relative coverage).

BAIXTRIAAT I SRS B 43 #T (canonical
correspondence analysis, CCA) I i i 4 5 1458
FHF(AN. AP, AK FIl OM)IKE & FHZFER
% K56 (Monte Carlo permutation test)(n=999) /% & 1-
BEFR AR B S A 2 TR IR O R 15 W35 120,

EQ VA Suw iR AR ) AE R b o ) )
A F L3 5% 0y R - [8] 2 R AFAE 22 7, K 20 B B
it FE 43 Hri (multi-response permutation procedures,
MRPP)IEATAEE . MRPP REHEHLAG I8 4 18] 43 85 44 1)
GuitfE T (test statistic), #iIRH N [F A EI AT & A
(agreement statistic)F1 P £ (P-value). P {EHL H 4 999
WHENLZRF R DR . HIEFES AL (&
5 IR R A IR0 o bR AR ) 261 SR M 35 5 03
SERRARIL,  BAA o bR e WER 1.

Ei Py i) o N FH 3 Mo A 5 A )

R LTGRO T 105 Pobrife

Table 1 Criteria of soil nutrient groups

8857 73 PR 1 58 & SR H 48 7 Bl 43 A1 i2: (indiicator
species analysis, ISA). ISA ftH 457~ 18 (indicator
value, InV)454 7 4L FR ) AR X 22 B RRE XS A0
f115 &, InV=100(RAxRF), 54K 216Kk
SEFRRE InV G TH R 2 %P, CCALMRPP il ISA
BItE Z ugit o ik i PC-ORD 6.0 HizAT.

2 SEE M

2.1 HBEMRBF UM Z AT

FEh R R A S 127 B, SRIET 77 R
135 )&, LA 5 172 ¥k . BRRHEY 195 5% (Woodwardia
japonica) 24X F A, HEEAE )Y 10.3%; FHAMH
Y& H 3 (Sarcandra glabra) /& WAL #fl, =34 A
5.8%. HUIBAEHYIA RIS, HA . AR, BASAK
B, HE(E Z2%M g E YA 12 (3R 2). M7
P35 Hh AR A 107.75 Bk, A AN 2 R 1 R 2L
N 259, ¥ISIERRECN 0.83, FEIEHRECN 23.38.

Wil A (mg/kg) AW (mg/kg) TR (mg/kg) HHUR 1%
Group Available nitrogen Available phosphorus Available potassium Organic matter

182 Lack <270 (11) <2 (20) <100 (9) <0.6 (19)
2 5§ Medium 270~360 (21) 2~3(18) 100~150 (20) 0.6~0.8 (20)
3 F & Rich >360 (16) >3 (10) >150 (19) >0.8 (9)

1SRRI

The number of plot in brackets.

F* 2 HEEE =%l

Table 2 Dominance species with importance value more than 2%

Yk AR AN ZEE 1% AHXT S5 RE 1% AHXIEE 1% HIME /%
Species Growth form Relative abundance Relative coverage Relative frequency Importance value

HA4 B Woodwardia japonica B3 Fern 18.1 8.6 43 10.3
HHH Sarcandra glabra FA Herb 8.5 5.0 37 5.8
FRMHEZR R Adiantum flabellulatum BRI Fern 7.3 3.4 3.2 4.6
BEHRAP IR Ardisia punctata #EA Shrub 5.9 39 338 46
XS I Millettia dielsiana BEA Liana 4.8 3.7 4.0 4.2
[ ik R i S Embelia rudis A Liana 4.7 33 3.2 3.7
w5 Pk # Smilax lanceifolia A Liana 2.8 35 4.1 35
M- %45 5% Lindsaea orbiculata B2 Fern 43 2.3 27 3.1
EM-4:1¢ Mussaenda pubescens A Vine 26 2.4 3.0 2.7
fill 1 )H Maesa perlarius HEA Shrub 2.1 3.0 2.8 2.6
YT Lophatherum gracile AR Herb 1.9 2.2 29 2.3
¥ HE Dalbergia hancei A Liana 1.7 22 2.6 22

2.2 TR SHBEM AR R
FEJT R 5 IR0 B CCA P45 R
RYIR 3, B 1), AK SHEFHIES o R O

P1(r=0.556), 1 AP+ AN F1 OM U5 HE /5 4l 27 = %l
X % ¥ NV (r=—0.618. —0.567 F1-0.668). fE 48
AKETTH ANL AP. AK. OM F 25418 B G g A
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Table 3 soil nutrient-individual axes correlations and Eigenvalues

H—Hh B =1 p
Axis 1 Axis 2 Axis 3
JH%4% Available nitrogen 0.489 0.147 -0.567
AU Available phosphorus -0.314 0.277 -0.618
TR Available potassium 0.215 0.556 -0.200
AHHLE Organic matter -0.158 -0.039 -0.668
FHEMH Eigenvalue 0.205 0.097 0.062 0.014
S RIS Pearson correlation 0.763 0.701 0.772 0.048
T T
P13 po) P13 POl
o £ PL2POO P32 P37
P23 pos  paghas 4 YRe0) p3o Pasa
b e . e a8y PRRO6
5 41P35 - . 3 35
P& gun"”f E‘U‘P 4 P4 ,ﬁf’ .l?f‘ : £
(S} o ) . 18 I3e) A e P1gst . .
2 @2 « P29 " PO N @ . SEMPO0 am "t .
Z Z | s AA’O-‘ ';4 3 cepig L 3 z s
{E‘ 2 P43 ' g Phas
- | p2 | T
P26
P19 A]:u]n)
PO8 ‘PUS ‘an
11 Axis 1 BT Axis 1 2 Axis 2

1 MM (e)s FEHL(A)FIH3EFR N (=) CCA HEFF . AN: JEAUA; AP: AU AK: SEXEH; OM: HHLR

Fig. 1 CCA ordination diagram of ground vegetation (®), sampling plot (A) and soil nutrients (—). AN: Available nitrogen; AP: Available phosphorus; AK:

Available potassium; OM: Organic matter.

Yoy A A7 .3 5 (P<0.05),  Hix w3597 /7 (¥ 45
B RN & HE Al % 2R 8% U L2 (P <0.05).

2.3 HIRFRA T HUASAE ) 43 AR BT

MRPP 73 HT45 R BH(ER 4), 4 DH3EFRH R
AP [ T 4 HMERCKN, ULEHH 0 3 2H 7 IR A B 2
I H AP Gt A Sk, BEIA N I — Bt i m

R4 HBHEYIAN 4 A IR T (0 20 WA N B L AR T

Table 4 MRPP for ground vegetation among four soil nutrient factors

P S, AN T e i), LB 3 A
HAIAPREBAHE; FiitE A B, UWHANK—E
PERAK. (HE N 8550 7 1 5 2245 22.(0.111)
K, HTIERDRT Il BB RINESR . AP Al
OM SXif Hb 4 A8 ) 1) 7 A 3846 ¥ 3 50 (P < 0.05); M
AN Fll AK G HUGEAE Y 73 AT RS2 e AN 22 . 43853 05
PR35 HUL B AE A0 23 AR (R 52 AP>OM>AK > AN,

TRy BORIITEER Ti%E T B GiitE T GiitE A P
Soil nutrient Observed data Variance Skewness Statistic T Statistic A
TR Available nitrogen 34.488 0.111 -0.782 -1.503 0.014 0.079
W Available phosphorus 34.072 0.111 -0.791 -2.751 0.026 0.012
JHRLHR Available potassium 34.451 0.111 -0.806 -1.609 0.015 0.069
HHLF Organic matter 34.302 0.111 -0.806 -1.609 0.020 0.037

2.4 HugERE YN B I N TER

ISA FIZEREH, Ho MR 3R 0A
fesER, A 1L Ft g R FE 2~ =20 (P<0.05),
L) 8.66%. X OM 75 F5 7~ A FH 11 e 1 470 35
%, 4% X AN F1 AK B F5 7~ 7E H b A4

W2, 5 3F X AP A HaonfE A b b,
RA 1R 5).

AN TERFH RS LR

M 2 T, A

Py

H =

(Tricalysia dubia)FZ7E AN 205 2 s 8L, 76
50 1A 3 R EAREAE I, HyREE, B,
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HE sl B AE RAEHH) 2 th B, ATy AN 2 51
2 W RIFFR~Fr. |25 e 45 (Ampelopsis canto-
niensis)?E AN 415 1 A1 3 rR¥yf B, (HEH
A3 g E N RA R L, B TR,
Vi B LB E R ) 1 IR EE, TR 2 Hh AR

5 LIFRIHIFRR R

Table 5 ISA of soil nutrients

HEL, (EONSREE, Wk, JRHEE A Z AN
HA 1 B RIFFRRYFR . I S 5 (Tricyrtis macro-
poda) EZETE AN I 1 TR BL; 7E4 R 2 A1 3
I TCH I, Bk, AR AN 450 1R
SN

3Ry YFh Pail EERNIER p
Soil nutrient Species Group Indicator value
A% Available nitrogen B 8€ Tricalysia dubia 2 413 0.002 6
IR 4% % Ampelopsis cantoniensis 1 37.9 0.0128
B Tricyrtis macropoda 1 20.2 0.036 8
AW Available phosphorus #£1112% Alpinia chinensis 1 48.2 0.002 6
A Available potassium FRHTH B Syzygium buxifolium 1 30.2 0.0324
+5 & B Carex cruciata 2 25.0 0.0340
SBUA K Pteris fauriei 3 211 0.0380
AP Organic matter 247 Indocalamus tessellatus 3 222 0.030 8
#£1113% Alpinia chinensis 1 36.6 0.0318
M Elaeagnus glabra 1 21.1 0.036 0
T JE54E Premna microphlla 2 30.1 0.036 4
014 Ja1g4E Tricalysia dubia 016 I AR Ampelopsis cantoniensis M5 ¥E Tricyriis macropoda
. .1
*
8 012+ 0.14 | 0.40 F *
(=1
g 035}
E oo -l * 030
K o0t S0r
2 0.08F 025+
E 0.08 |
S 006} * 020+
= 0.06 | 015!
5%( 0.04r X * 0.04 '
bl 041 * 010}
B
Z 002 0.02 | ’:L‘ 0,05
0 0 0
1 2 3 1 2 3 1 2 3

A Available nitrogen

A, Available nitrogen

R Available nitrogen

B 2 #HARAN)TERFAEL . 1: AN <270 mg/kg; 2: 270 mg/kg<AN <360 mg/kg; 3. AN>360 mg/kg. 0: 25%~75%; T.. A:FH1E; o: FH1H;

* . FEIF.

Fig. 2 Boxplot of available nitrogen (AN) indicator species. 1: AN <270 mg/kg; 2: 270 mg/kg<AN <360 mg/kg; 3. AN>360 mg/kg. O: 25%~75%;

T.: Non-outlier range; ©: Outliers; *: Extremes. The same is following Figures.

AP FBFIHIFELE

ME 3 AL, il

B, WIEN AK 415 1 1) REFARRFr. 5 &

(Alpinia chinensis) = Z7E AP 2 1 Fp B, 741
a2 F0 3 AR HIL, (HONREAE, Bk, 4
WA EEREAN 1 B, "TEN AP 40 1
) RAFFE .

AK FERFMIIFERE K 4 AT, FRmai
Bk (Syzygium buxifolium) 32 ZL7E AK 25 1 H HIEE;
TR 2 HIEH B, 7EZA5) 3 R AR I, (H
N, Bk, ARk T B E R 1

(Carex cruciata) =2 7E AK 415 2 B, 7E4
S 1 A0 2 RETEHEL, Bk, FEEREAEN AK
Ao 2 (1 RUFFRRYIFN . L BUXE % (Pteris fauriei)
TE AK [RZH5) 1 A0 2 R ot B, BARFEAL N 3
HIL, HyRAE, Bk, SBRERIEAZ AK
Y 3 1) RAEFHR RN

OM ML A ME 5 AL, AT
(Indocalamus tessellatus)7E OM [JZH 51 1 F1 2 HH 4k
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I, BEARTEA R 3 B, (HAREE, K,
BT HAE OM 45 3 M RIFIERYF . il 2
(Alpinia chinensis) 3= ZL7E OM FIZH 1 H 3, 7R
A2 F 3 R ESRA I, (HoNREE, i,
W EE R 1 HhEL, wIEN OM 41 1
(1) K 457~ . & 5 (Elaeagnus glabra)7E OM [

Mol 2 A3 HRITCHEL, BAREAD 1 L,
e AE, B, =SB A OM Al 3 R
IR YIAP . EJEL4E(Premna microphlla) 3 Z:4E OM
RIZE0) 2 HR I AEZED0) 1 rh AR B, (FON S
WAEs fEdln 3 R H I, Hik, TESERTEER

TES] 2 I, ATAEN OM 440 2 1 R 7R~ Fh

181113 Alpinia chinensis

0.20

018} *

0.16 o
0.14
0121
0.10F

0.08 |
0.06 —‘7
0.04

0.02}

HI%} 2 ¥ Relative abundance

1

2 3

%1% Available phosphorus

3 WRBEAP)FERFIIIAE LA . 1: AP <2 mglkg; 2: 2 mg/kg<AP <3 mg/kg; 3. AP>3 mg/kg.
Fig. 3 Boxplot of available phosphorus (AP) indicator species. 1: AP <2 mg/kg; 2: 2 mg/kg < AP <3 mg/kg; 3. AP >3 mg/kg.

AT Bk Syzvgium buxifolium

|"F & Carex cruciata
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HET Available potassium

JHEAHN Available potassium

JEZAHN Available potassium

B 4 R AK) IR AL . 1 AK <100 mg/kg; 2: 100 mg/kg < AK <150 mg/kg; 3. AK > 150 mg/kg.

Fig. 4 Boxplot of available potassium (AK) indicator species. 1: AK <100 mg/kg; 2: 100 mg/kg < AK <150 mg/kg; 3. AK>150 mg/kg.
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475 m [PIAR T ERER
TIEAEREWEKKE B AREFRTR
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KT 150 mg/kg, BIRFEESA, Fik, AN %FT
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0.7

¥
06

05}

04}

FHAT £ Relative abundance
()
L¥¥)

1 2 3

SNFR [ Elacagnus glabra

*

1 2 3
A FLIT Organic matter
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SETEE Premna microphila
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0.03}

¥

1 2 3
A HLIT Organic matter

5 HHLE(OM)FERMIFELLE . 1: OM <0.6 mg/kg; 2: 0.6 mg/kg< OM <0.8 mg/kg; 3. OM>0.8 mg/kg.

Fig. 5 Boxplot of organic matter (OM) indicator species. 1: OM <<0.6 mg/kg; 2: 0.6 mg/kg < OM <<0.8 mg/kg; 3. OM >0.8 mg/kg.
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