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Interrelation between Plant Species Diversity and Soil Factors
in the Middle and Lower Reaches of Fenhe River
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Abstract; From May to October 2011, sample-plot survey and soil sampling analysis have been carried out in
128 quadrats of vegetation in 33 sample areas in the middle and lower reaches of the Fenhe River. TWINS-
PAN was applied to classify the phytocoenosium,and canonical correspondence analysis (CCA) was used to
analyze the distribution relation between soil factor and phytocoenosium,in order to reveal the relationship
between species diversity and soil factor of phytocoenosium in the middle and lower reaches of the Fenhe
River. The results shows that: (1)In the middle and lower reaches of the Fenhe River,121 kinds of plants
have been discovered which belong to 33 families and 81 genera, of which Compositae, Gramineae, Chenopo-
diaceae and Polygonaceae plants are the most,accounting for 24. 79% ,14. 05%.8. 26% and 7. 43% of the
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total number.respectively. The distribution frequency of Phragmites australis is the highest which reaches
to 49%. (2) TWINSPAN indicates that 33 sample areas in the middle and lower reaches of the Fenhe River
are divided into 8 coenotypes ( I ~ V[). (3) Patrick richness index and Shannon-Wiener index variation
tendency of phytocoenosium in the middle and lower reaches of the Fenhe River are similar, while Simpson
index shows a contrary tendency with the change pattern of Patrick richness index and Shannon-Wiener in-
dex;the variation tendency of Pielou evenness index is different from other three indexes. (4)Most of the
content differences of soil water content and rapidly available potassium content in the middle and lower
reaches of the Fenhe River reach significant level among different sample areas of different coenotypes. The
soil nutrients are characterized by apparent moderate nonuniform spatial distribution. (5) The content of
soil organic matter and species Simpson index, soil total nitrogen and Pielou evenness index have significant
negative correlation in the middle and lower reaches of the Fenhe River basin. (6) The result of CCA rank-
ing demonstrates that soil water content,rapidly available phosphorus and rapidly available potassium con-
tent are the most important environmental factors which influence vegetation type distribution.

Key words: Fenhe River;plant community;soil factor;species diversity; Two-way indicator species analysis

(TWINSPAN) ; canonical correspondence analysis(CCA)
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P A W ZE T R . U YR A A 1V A ) rh
PRI PG S L 0 F A 28 110°30" ~113°32", b £ 35°20°
~39°00", AR B TR A KBl bE U Rk TR
2 B A P X U ZE AR A R AP 2R 6. 2
CT~12.8 C,1 HEHRE\E—9.7C~—2.6 C,7 H
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(a)Patrick EFEFRE:.R=S [@D)]

(b)Simpson 5%

S
RZIEN,(N;*I)/[N(N*I)] (2)
(3)Shannon-Wiener 84§ .
_ &N, N,
H= [;Nln(N) (3)
(4)Pielou o) EFF8E . E=H/InS 4)

.S HE—DFET R YR REGLN NS A F
AR EEEZ ML N, BE AR E 2, L
AR S ERA 2R,

i TWINSPAN X A 3 #4743 28+ 43 A 7] 1)
BEVE L F Excel #E17 ZREMESR 0B I 1A
JH SPSS B o3#r & BEE W Fh Z AR PR B0 S R
T ARG 5 R, 3 5% 5 1 3 38 4 4 7 s F Cano-
cod. 5 XK AT 5 7 #4747 Cano-
Draw #1743 14 .
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33 Bk 81 A& o LA BL R A BE R AR
Wi 22 43 o5 B 24, 7996 .14, 05 96,8, 26 % Al
7.43%, H, M ZE (Phragmites australis) 145y i
BiR B, LUk O e FF BE ¥ (Scirpus planiculmis)
4 BRI (Rumex crispus), BEAH>1 MY Fh
HH 34 AR,

2.1.2 EYBENEMEBREAR RHWE
5 R PRI 23 12 CTWINSPAN) X 43 9] 3 35 F e A
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Table 1 Name,number and importance value of 34 species
glﬁf Specﬂifz,ﬁlame Im%ftﬁce Frfl;:ncy

value /%
1 2 Phragmites australis 11. 64 19
2 Ji AT BEBL Scirpus planiculmis 5.48 27
3 AEUFRREE Rumex crispus 3.43 22
4 MR Setaria viridis 3.43 20
5 AL Artemisia annua 2.93 19
6 K& Erigeron acer 2.47 20
7 $%E3 Salsola collina 2.43 16
8 HEE Humulus scandens 2.32 20
9 JKZ Scirpus validus 2.10 9
10 Jet=® Echinochloa crusgali var. mitis 2.09 16
11 3 Chenopodium album 1.93 17
12 %3 Typha orientalis 1.86 5
13 FRIIMZE Polygonum lapathifolium 1.82 13
14 B3 Sonchus arvensis 1.77 7
15 BFWRT Mentha haplocalyx 1.77 9
16 WAL B Amaranthus roxburghianus 1.73 12
17 4B Cynanchum auriculatum 1. 44 12
18 T Roegneria ciliaris 1. 44 11
19 t5 BB Leonurus artemisia 1.38 6
20 ®H Xanthium sibiricum 1.32 13
21 B Echinochloa crusgali 1.25 8
22 WM Eclipta prostrata 1.24 9
23 HWE N Daucus carota 1.19 12
24 EEE Artemisia vestita 1.18 8
25 I A B8 5 Vicia cracca 1.18 5
26 JKZE Polygonum hydropiper 1.17 8
27 K3 Chenopodium giganteum 1.13 9
28 MAESE Rorippa globosa 1.12 9
29 K3 Chenopodium glaucum 1.07 10
30 WIRZEBEF Potentilla supina 1.07 14
31 JKM Homonoia riparia 1.03 8
32 JKIEEE Amethystea caerulea 1.03 5
33 S W% Datura stramonium 1.02 |
34 HFBiT Vicia sepium 1.02 >
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TR 2 1) 8 R VR R AL I 1, BRI & R AL
Pl e T E ARG FAE LR 2.

B 1 BB B Y% (Com. Salsola
collina + Mentha haplocalyx ) VL ¥ T 3¢ 1 B B fof
(FEEE A4 R 24. 18 F1 19. 39) {3 Fh, E 2 1Y
PR T g B SE23E (Sonchus arvensis) fBF8E 5 (Vicia
sepium) ,

VR R B -+ 6T 5 BV (Com. Melilotus
of ficinalis + Artemisia vestita) L 5 AR B AR FF 8
AR BTl H PR AR W) R A RBCIE C(Amaranthus
retro flexus) J§]] K 25 B 3¢ ( Potentilla supina) f1 TG
TR (Echinochloa crusgali var. mitis) 28 %8, ¥ Fp
FH .

T - 7 = + i AT B 5 V% (Com. Phrag-
mites australis + Scirpus planiculmis) VL 5 3
(45.58) il FF & 51 (36. 41) M A 34 Fh L & 1242 A 4
MR A (Rumex crispus) T2 . T& M & 3 (Typha
lati folia) .JK ¥ (Hydrocharis dubia)

BEVEIV . 55 2 + A 0t B 7% (Com. Phrag-
mites australis + Polygonum lapathifolium) L7
25 FR S - 2 (CFE (B 239y 19. 36 F1 18, 01) A4
PRb A A e AT R AL R B SR AR IR A

BEYEV . P2 + H 2P B V% (Com. Phragmites
australis + Imperata cylindrica) LA ZE M EF N
P, W P4 # Bk (Kochia scoparia) | 38 3
(Chenopodium ambrosioides) . 77 ( Typha orien-
talis) ,

BEVE V] : A 355 + 3k 7% (Com. Phragmites aust-
ralis+ Triarrhena sacchari flora) DL 25 F 3k M AL
P, iR K 2E (Chenopodium glaucum) 4
MR KUAESE

BEVEW . A 3E + KB B 7% (Com. Phragmites

australis+ Scirpus validus) DL 75 =25 F1 K 200 8 B
LW R H W FF R B 41 3 (Polygonum orien-
tale) . & % ( Turczaninowia fastigiata ). f1 ¥ W
(Ranunculus sceleratus) ,

VR I 65 -+ 3 R A VR (Com. Carduus nu-
tans + Panicum repens) DL K F& F1GH HL 2= A Ffp,
WA A X AESE (Rorippa globosa) 85 {6 5 (Arte-

misia annua) i M HEAE (Convolvulus arvensis) ,

2.2 HAREBHRTHENHEYMESHEEE LE
BAFHXH
22,1 HEYBEEDTHEHEYE dE2aTUEWR.

Patrick F & J&F35%k 5 Shannon-Wiener 5 £ 45 1k #4
PRSP BETE 1 W0 R 208 P48 B = % TR
3G A HL32 3340 M T R U BL i i il Nk T4k

D

D2 D2

D3 D3 D3 D3

vV VI il il

BT Uik R A R 33 A
FEHL Y TWINSPAN 43284 Ik &
D ERTPOKT5 T ~MRRREE R G
1~33 75k 33 M. T A
Fig. 1 Dendrogram of the TWINSPAN classification
of 33 sample plots in Fenhe River of
the middle and lower reaches

D indicates the level of division; T ~ V. Community

types number;1~33. The 33 sample

area. The same as below

FR2 HAREBRTHNEDEERDRIFEHE
Table 2 The plant community types and environmental characteristics in the middle and lower reaches of Fenhe River
R Y 4k = iy
Sty o T Mo cowrne  PUSD Juexn
type /m /%%
1 WBE+ B A Com. Salsola collina +Mentha haplocalyx 420~440 35~40 32,33 i) & W Washland
II TR R T8 FFE Com. Melilotus of ficinalis+ Artemisia vestita 420~440 30~45 26.30.31 ] 12 i Washland
Il P2+ i AP B Com. Phragmites australis+ Scirpus planiculmis 455~470 70~85 1.2.5.6.10,24,25.27.28.29 {# i Wetland
I\ P2 IRBI 3 Com. Phragmites australis + Polygonum la pathi folium 455~470  50~60 14,16,17.18.19.20 i1 Wetland
vV 3+ H 3 Com. Phragmites australis+ Imperata cylindrica 455~470 15~55 3.7.21.22.23 R Wetland
W 2% +4k Com. Phragmites australis + Triarrhena sacchari flora 455~470 30~45 9 124 Wetland
I 5% 4 K & Com. Phragmites australis -+ Scir pus validus 455~470  60~T75 4,11,12,13.15 1@ Wetland
VI KB+ Hli # 2% Com. Carduus nutans + Panicum repens 440~490 35~40 8 Vi) 1 i Washland
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PR 4R B AR A B 5 Patrick 3 & B4R SO
Shannon-Wiener $§ %0 09 A & . & FIr s e 9 2 4G 3
T e TV v 1) i A7 07 A /NS R A 5
FIUARBFAEREVE b i A5 28 B o 57 IR 4 Simp-
son R EIEBUA MK . Pielou ¥5] B 5 501
ARk R AR I 3 SR B AN . Y5 R BURAE
A HEVE TSR YR 22 B 0 A 9 2 SRR O3 A By
SR BB . S ERR B — E BE L S YR R
IR FU WK [] 4 Fh 22 [8) A 250 % G OGRS
JIT LA 359750 i 6 5014 A5 Ak 3R HL At 4 BOAS ]
2.2.2 HEYBENITESME S MV LIER
AR, L3 pH EAT 7. 28~8.74 Z A, ¥
BB 5 T A K Iy 25. 16 %65 L 36 0. 42;
HALHE & ik 1. 38 mg/kg; AL A LT A A
SEH SR AN M 0. 18.9. 99.0. 36 g/kg(F 4), fE
T EIAET Y 7 e bR A KR U
et E N [ RV S 70 0 A [] A [ 22 S DR 4 36 1) Bk
FOKOF- (3 3), HoAy 5 Ff 4 39 B AL R TR R TR RE b
(6] 5 A A 3] 2 R % A Tl 9 R b R U R
sy E AL AR T,

FRAEAE 5 2 50 CCV) 1 A/ AT LKL I A 145
M7 SRR, CV<C0. 1 J& T3 74, 0. 1I<<CV<1
J&F AR CV=1E FiAs 5k 4T

A §OR (EC) (ol 808 (AKD L 3k (AP) | + 1
AHLI (SOM) | 42 & (TND | + 3 & K B (SW) [y 28
S ARBAE 0. 154~0. 517 Z [] , & J& T v 55 7% S 72
JE AP S BT 4 3 pH (8 T 55748 = &
JE o SR WY Ui s T i R SR A HA A (]
I3 A AN T R R A
2.3 #pAmER T EOMESERERSIERTF
HIHE X 53 #r
8 AREVE Y 7 > LN T AH S M &6 2R (58 5)
BoR HEEDR Z RS LR AR G E R
BAES L HEA P (SOMD & & 2 51 (CTN) & # 11
MSEHE . Hor A rh A HLI (SOMD [ & i 5
Simpsonif £ QO B A . 7R 556 R (P<C0.05) .
o Patrick=F & [ & 5 Patrick richness index
-o- Simpsonflt # £ $5 44 Simpson index

-- Shannon-Wienerii ${ Shannon-Wiener index
& Pielou}?) 2] & §§ 5 Pielou evenness index

N
(7))
Py

—_ %)
W (=)

—
(=]

EZERLE L
Diversity indexes

W

‘g

1 1l 11 \Y% A VI VI Vil
TS
Community code
B2 i s R e 8 AT R R
Z R B AR b it 2k
Fig. 2 The curve graph of species diversity
indices of 8 community in the middle and

lower reaches of Fenhe River

®3 RSP TS MEYEELBN T IETRERHE

Table 3 Soil environment characteristics of 8 community in the middle and lower reaches of Fenhe River

W MK T i P LA 2N Ak
Community Available potassium Electric Available phosphorus  Organic matter Total nitrogen Soil moisture
code /(g/kg) conductivity pH value /(mg/kg) /(g/kg) /(g/kg) content/ %
1 0. 14bc 0.14b 8.74a 1.50a 10. 75a 0.33a 19.19cd
Il 0.23ab 0.75a 7.28b 1. 32a 14. 24a 0. 36a 15.19d
Il 0. 16abc 0.48ab 8.33a 1.18a 12.47a 0.42a 35. 64ab
I\ 0. 14bc 0.57ab 8. 24a 1.46a 10.07a 0.34a 24.23c
vV 0.28a 0. 26ab 8. 43a 1.73a 8.75a 0. 36a 31.42b
Vi 0.09¢ 0.57ab 8.23a 0. 62a 5.54a 0.43a 22.91c
Al 0.22ab 0. 33ab 8.30a 1.71a 9.99a 0.40a 40.59%a
Vi 0. 18abe 0.17b 8. 49a 1. 38a 7.35a 0. 25a 12.12d

] — B R 5 A MR/ 5 8 R 22 53 B35 (P<C0. 05),

Note: The different normal letters in same column mean significant difference among communities( P<C0. 05).
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Table 4 Descriptive statistics of soil nutrients in the middle and lower reaches of Fenhe River

A FHIH TUNII e /ME PRt 22 T 15 g J& BRAR
Item Mean Maximum Minimum Standard deviation Skew Kurtosis Coefficient variation
pH 8. 248 8. 740 7.279 0.425 —1.931 5.071 0.051
#1538 EC 0.424 0.755 0.139 0.219 0.113 —1.228 0.517
WA AK 0.179 0.261 0.099 0.055 0.146 —1.144 0.307
WAL AP 1.384 1.709 0.859 0.274 —0.873 0.897 0.198
FH L SOM 9. 986 14. 238 6.270 2.596 0.230 —0.316 0.260
2% TN 0. 356 0.418 0.249 0.055 —0.911 1.014 0.154
Sk E SW 25.162 40,592 12.122 9. 986 0.313 —1.095 0.397

RS HARESFRTHEOMESEEERSE L EENLEFIERE Pearson 18X R

Table 5 Pearson correlation coefficients between species diversity and soil chemical

indices in the middle and lower reaches of Fenhe River

LR T pH TR A B E ) TS K R
Diversity index AK AP SOM N SW EC
R —0.118 0.325 0.336 0.586 —1.00 —0. 241 0.228

A —0.180 —0.162 —0.324 —0.745" —0.073 0.319 —0.269
—0.110 0.387 0.383 0.507 —0.282 —0.0206 —0.088

E —0.516 0.451 0.159 —0.561 —0.847" 0.259 —0.487

W R. Patrick 3 & FE 45 %A, Simpson 15 %1 ; H. Shannon-Wiener 8 4 ; E. Pielou ¥ 5] FE 18 %5 » . P<<0.05, T,

Notes:R. Patrick richness index;A. Simpson index; H. Shannon-Wiener index; E. Pielou evenness index; * . P<(0. 05. The same as below.

TR C(TN) 5 Pielou H5] A5 E(E) BA B 3%
AR JE R FR (P<C0. 05) , A R 5331 2 — 0. 745 Al
—0.847, 1M Patrick F & & 35 %t (R) f1 Shannon-
Wiener 8% (H) 5 3 K 7 YA OCHEA B2

M Pearson A 5¢ F £ 73 Hr (35 5) nJ i, A i vp
YR Z R RS L 0 O R AN R X Uy
T R R R R Y A 2 A S R T B
ARG 25 R 3k 6 fir 7 . Simpson 8400 H 2
A A LT (SOM) 1 5 5 #E A AR AL, 52 A1
KERBN 0. 745, BRI F K 50 8 B3 AH OC (P <<
0.05), Pielou ¥J5] B 48 80 (E) o H A LA 1 4 A
(TNDHEABAEERL, I H G AH K R 0. 847, 4
I F KB Al B (P<<0. 01 A&, B ANBIA
ZREMEFR (R F1 HD &5 %A B F 3F A ] )5 A5 7
[a] #5831 5 Pearson A ¢ & 8o B 48 R — 2,
UG A] DL VR A DS R 2R M AR B I Y
A Al .
2.4 HEYBESGSIERFHXER

DL 7 A A 3 PR 57 0 5% B0 A0 B L LA b
LA A 7 YR B I 6 Tl I S8 R T Uit A A B
&R HEAT CCA HEF  HEFP A R L3R 7.3 8 FAl
3. B 7 AN, CCA HEFF H Al A HE T Sl 9 47 Ak
{43 5 0. 353.,0. 222 4 ) i 24 4 LA+ 3 [F 7

F6 AmEBR TR S EN
51 EEFHESEADHT
Table 6 Stepwise multiple regression between
species diversity indices and soil factor in the

middle and lower reaches of Fenhe River

LTI ; — EHXRE S F
Diversity ﬁi[ﬁ]ﬁmﬁ‘ Multiple Integration
. Stepwise regress model . N
index correlation F
A A=0.382—0.025 SOM 0.745 7.498
E E=1.136—0.679 TN 0. 847 15. 205

5P A HE e il AR O & B i oy 0.926.,0. 760,
9l ) A A 5 e g DR R O R R e R R R T
PiRh-BREEC R M7 22 10 48, 7%, DR G HE 45 R fiE
BN i I A R N 7 el 1 B T )
FHIE

I il 2 o 5 A DR R DG R B SRR R
TR R M7 21 48. 7% AR 4 A P HE
PRl — e HE (3. TEHET I v Sk B
A ) G R 3R 7R B B T 5 HE T il 22 1) Y O A O
PE #3319 BE FROR FRBE IR 1 5 E VR 43 A AH R
PR R/ 3K % 2 5 HE Y Sl iy e s AR X A B
52 TR -5 HE e 2l 79 A Sk /I S e F D o R DR P
47, B CCA HE7 B (& 3) Fi gk 8 153 1, CCA 5 —HE
Feh 5 4 HE & K B (SW) R 3 ik 6 (P <
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Table 7 The eigenvalues of CCA in the middle and lower reaches of Fenhe River

i [ #lh Axis

ftem 1 2 3 4
FRAE(Y Eigenvalues 0.353 0.222 0.206 0.137
Yy Fif-FR 55 A0 G P Specices-environment correlations 0.926 0. 760 0.799 0. 746
23 H 4t 7 26 Cumulative percentage variance
YR B Species data 7.2 11.7 16.0 18. 8
W) F-3R 55 % & Specices-environment relation 29.9 48.7 66. 2 77.8
BEAE(H Sum of all eigenvalues 4. 890
SMFEARAE{E Sum of all canonical eigenvalues 1.180

xS HARBPTHEYEHELERT
5 CCAHFHMBEXRH
Table 8 Correlation coefficients between environmental
factors and CCA ordination axes in the middle

and lower reaches of Fenhe River

T H Ttem B 1 Axis 1 2 Axis 2 3 Axis 3
pH 0.285 4 —0.057 7 0.0317
DT 0.197 3 —0.3020 0.156 7
AK —0.3014 0.627 0" * —0.113 2
AP 0.002 7 0.340 8~ —0.1255
SOM —0.136 4 —0.1817 —0.124 3
TN 0.175 2 —0.0121 0.632 1" "
SW —0.909 1*~ —0.,042 7 0.008 8
Nose: * . P<C0.05; x %, P<{0,01.
°
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Fig.3 CCA of plant community and soil factors in the
middle and lower reaches of Fenhe River
Figure in the community types labeled method:
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0.01), 38 /K & (SW) I /2 2 47 1% 7 % {1 ; CCA
S HE Y 5 (AK) H R E IE A 6 (P <
0.0, 53 #E (AP) Jy 1 3 1TEAH 3¢ (P<C0. 05) . S
(AP) A CAKO U5 55 —HE P AT 3 1 2 1
Ko HAB 7 5 HE 7 FAHSCPEAR TR . 3K R WIS e iy
Tuf e S5 T it R AR O A D
Tk & (SW) A (AK) FEBE (AP) . B TWINS-
PAN 73 J8. 19 8 D HE & SRR s 78 CCA HE )y Bl s
WA — Al 5 1) 8 A I AR 4 M 43 1O >k 22 B4
AR V BRIV ORESE VI eS| BV I LR
. FR P AS B 95 U SR T T A oy BT
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BE KRR 2210 48, 700, s B4 1 HE P s . 5
JE MR . X AT R 5 CCA 43 # v e 4 ]
(R BE R 7 S A T 1 45 SR O, BT 18 BRI A B
WY AR ARIGEREK DN EEHNER. TF
ok s Bt ARl 2 i o 6 1T 3 38K 9 U5 1 ) FH 236 B
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