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Correlation between characteristics of Reaumuria soongarica communities and soil

factors in the Sangong River basin
ZHAO Xuechun'?, LAI Liming', ZHU Linhai', WANG Jianjian'*>, WANG Yongji"*, ZHOU Jihua' >, JIANG

Lianhe', LU Hongbing*, ZHAO Chungiang*, ZHENG Yuanrun'*

1 Institute of Botany, Chinese Academy of Sciences, Betjing 100093, China
2 Unaversity of Chinese Academy of Sciences, Betjing 100049, China

3 Qingcheng Mountain-Dujiangyan Scenic Spots Authority, Dujiangyan 611843, China

Abstract: Reaumuria soongarica is one of the most widely distributed plant species in arid regions of China and has an
important role in maintaining the stability of the desert ecosystem. On the basis of field data, including the species
composition, number of species, plant height, coverage and abundance, and selected soil properties ( electrical
conductivity, pH, bulk density and moisture content) , the fine root biomass and aboveground biomass of two R. soongarica

communities in the Sangong River basin were investigated over the course of the main growing season ({from June to
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October) of 2010. In addition, by calculation of derivative biodiversity indices comprising Pielou’s evenness index,
Simpson’s dominance index, the Shannon-Wiener diversity index, and Sorenson’s similarity index, the relationships
between fine root biomass, biodiversity and soil properties of the two communities were analyzed. The results showed that the
crown area, coverage, abundance, species number, Pielou’s evenness index, Simpson’s dominance index, Shannon-
Wiener diversity index, aboveground biomass, fine root biomass, and the soil electrical conductivity, pH, bulk density and
moisture content in the 0—100 cm soil layer of two R. soongarica communities were significantly different. Except for soil
bulk density, the values of all soil properties of Community 2 were higher than those of Community 1, and showed similar
trends with increment in soil depth. Except for species number and Simpson’s dominance index, the other biodiversity
indices decreased initially and thereafter increased from June to October, whereas the aboveground biomass and fine root
biomass increased initially and thereafter decreased from June to October. Owing to the appearance of a large number of
summer rain-dependent herbs in July and August in Community 1, the Shannon-Wiener diversity index and Pielou’s
evenness index showed sharp reductions over the growing season, whereas Simpson’s dominance index showed the opposite
trend. Compared with Community 1, Community 2 had higher soil electrical conductivity and soil pH, and few summer rain-
dependent herbs, and therefore the Shannon-Wiener diversity index, Pielou’s evenness index and Simpson’s dominance
index changed only moderately. In addition, Sorenson’s similarity coefficient was small and the difference between the two
communities was significant. Regression analysis showed that soil properties were determinants of the differences in
biodiversity and biomass of the two communities. High soil moisture content increased biodiversity, high soil bulk density
inhibited fine root growth, and certain soil pH and soil salt contents promoted fine root growth in R. soongarica communities.
We concluded that soil salt content and soil pH are the main factors that restrict biodiversity, community structure, and
growth of R. soongarica in the Sangong River basin. Differences in microenvironments, especially in soil characteristics,
could induce strong differences in two communities with identical dominant species in the same climatic zone. These findings
provide a scientific base for management of natural R. soongarica communities and rehabilitation of degraded communities,

as well as for improvement of soil salinization in arid regions of China.

Key Words: arid region; Reaumuria soongorica community ; biodiversity; biomass; soil factor
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Table 1 Characteristics of Reaumuria soongorica communities

V% K LE FeA=Fh H TR
Communities Altitude/m Longitude & latitude ~ Accompanying species P Soil types
% C. jus L. e
N44°20.147' AR % oarenaris L TR+
1 485 , ¥ Salsola collina Pall. | 8.73 . .
E£88°07.807 N Desert saline soil
2 Haloxylon ammodendron
5 16 N44°19.090' W4T Salsola collina Pall. 03 T BLEL i
E87°50.337' /NE M Nitraria sibirica Pall. : Desert saline soil

T 2010 4F FEAKE(6—10 H)BH AL 1E
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R 2 RE R R AR, TER 25 mx25 m WREDS
WIEE 345 mx5 m FEH, X EIAE Y E 3545,
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A5 mxS m FEE T NIZE 31 50 emX50 em B RAE
AU 10 em SZHUCEAE HRIBEAR R ik, B+
b T S R i | el 0 ) QUL L T
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25 mx25 m MIFETT N, BEBLEEER 3 N FF f AT 1 18
FERAE SRR L3 iR 98 75 9, F B MU Bl B
0—5 ecm . 5—10 em,10—20 e¢m ., 20—30 c¢m.30—40
em 40—50 ¢m ,50—100 cm &b f £ HEFE 45 24 300
g, HT A 138 pH (B W S 354845 TR R AN

P28 - 1, R T AR 10 em 4 2R SR
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FE TR IE
1.3 ENMT

FHFIE 4+ 25 8 R S e 105 CHET 2 1H
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KA ¢ KB, RSP EE B S T R I+
HeEoKaE pHH AE R HHORE M B4
HMARAYENZESR,

http ; //www.ecologica.cn



4 B A = A B ST IR S R T AR G A 881

FHULT AR EEE SRR Y Fh 2R
(HYFEE s
(2) Shannon-Wiener ZFEM: 54
H=- Y PlgP,
(3) Simpson F8%L
S, = 2 An(n, = DI /IN(N - 1)}
(i K1,2,3,,5)
(4) Pielou ¥ EFEEL
J=(= Y, P,InP,)/Ins
(5) Sorenson F{LLTE R %L
%
a+b
K, s HYFEEL N TR DB H &
R-HEP ZAEVEAREL, P, AT MA)E T — Y Fh iy
MEZ 5 S, M Simpson 85X, n, N5 i DYIFREIREL
N J AR B O Pielou B2 EEFEEL, P,
R n, BRE X E A (AR = B+ AR R R ) 5 € R
Sorenson 1‘5{&‘@%‘\@14 R REIE BORE A A Rh A,
a ARER 1 IR, b SRR 2 IYIRNEL.
Bl S HTRT 3 7E SPSS16.0 T e Al

— 7%

0.6 r a a a

LSS TG AR

Crown area/(m?/ §)
o

04

02 f

Plant height/cm

AR B

2 HR

2.1 EEESREERE

P EEEE SIS WU AP B b RETS 1 O 8
AR EEE SRR 2 DN IEEAF, RAE LA THEVE
ZH RGBSR R AL TS B3 ( Zygophyllum pota ninii)
2 PR AL A AR, A B R A T ) 6—8
H ; — A4 %M ML 5L ( Limonium bicolor ) | Y2 %E ( Panderia
turkestanica) A FEFL FNEL W B 32 ( Suaeda salsa)4 F
K arEAAE Y, Hoh kb F | AR RE g
MEVEZR H, BmsEhAH T 6 Aha 24K
UG, BRI 2 WA RO 4 R AR EEE S VR
il A28 3 RhEEAHRR  FEESR 1 Fh A AL ar A
KELATAEY A I TR 2 b, WV 45 1 1) 5, A
HHERBRIFEAR RN BEE 1 25%  RET&
2 N 35%,

T AT TR R A KA EE & SR
(5L IR | i S v B B SR AR KRB i 4 B
P10 A aliA s R, P EE & S TS R A IR
e BT 22 A R R R R 2 AR
EES

— A2
50
40 | b b
b a b
X a a a
w3 O a
€ 5
2200
10 1
0
8
a
=
3
=
)
O — — — —
6 7 8 9 10

H 43 Month

E1 BOEESEHENEEER.EZE.SE. SE (P RERE)
Fig.1 Crown area, coverage, abundance and height of Reaumuria soongorica communities ( mean + SE)
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Fig.2 Seasonal variations of aboveground biomass and fine root biomass of Reaumuria soongorica communities ( mean + SE)
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Fig.3 Seasonal variations of species diversity of Reaumuria soongorica communities ( mean+SE)
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PN EEE LYK 1Y Sorenson FELIE R B0k B
ZAT s R S 0.21, N 6 14 0.25 FEIKZE
8 H 0.16, ZJ57E 10 H¥E N3 0.20,
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Fig.4 Soil electrical conductivity, pH, bulk density, soil water content of two Reaumuria soongorica communities ( mean+SE) in different

soil layers
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Table 2 Regression equations of diversity index and soil factors of community 1
A2 K AE FEA R mEpy s g2
Independent variables Dependent variables Number of samples Regression equation
£ K Water content YR 15 y=4.7512+0.2020x 0.0142
Shannon %X 15 y=-0.0899+0.0936x 0.5309 **
Pielou 5% 15 y=-0.1734+0.1234x 0.6673 **
Simpson &% 15 y=1.2811-0.1306x 0.6616**
T E YWHEE 15 y=8.9368-2.1853x 0.0059
Soil bulk density Shannon %1 15 y=2.1058-1.2031x 0.3098
Pielou $5%k 15 y=2.3180-1.1522x 0.2056
Simpson 1541 15 y=-1.2714+1.2985x 0.2311
R YFEH 15 y=6.2360-0.0729x 0.0003
Electrical conductivity Shannon 54X 15 y=1.1468-0.2033x 0.4477 **
Pielou 5% 15 y=1.3215-0.2262x 0.4011 "
Simpson F5%{ 15 y=-0.3132+0.2432x 0.4102 "
+3%€ pH Soil pH YR 15 y=1.1267-3.8344x 0.0174
Shannon 54X 15 y=3.5136-0.3486x 0.2898 *
Pielou 5% 15 y=4.3639-0.4324x 0.3226
Simpson F5 %X 15 y=-3.4295+0.4472x 0.3053
TR YWHEH 15 y=6.6129-0.0261x 0.0095
Soil temperature Shannon F§%% 15 y=0.4650+0.0001x 0.0025
Pielou 54k 15 y=0.669-0.0034x 0.0203
Simpson 1541 15 y=0.3964+0.0033x 0.0167
x P< 0.05; * % P< 0.01
R3I BHERLOHMENSIESKE FEBSE pHE. FENDEFAE
Table 3 Regression equations of diversity index and soil factors of community 2
7 PR 7% AR [al5 7 72 e
Independent variables Dependent variables Number of samples Regression equation
K Water content LRk S| 15 y=3.3256+0.0311x 0.0013
Shannon F%L 15 y=0.4440-0.0026x 0.0149
Pielou 54§ 15 y=0.6209+0.0115x 0.1274
Simpson %X 15 y=0.4612-0.0007x 0.0005
T E LA gE] 15 y=3.5465+0.0442x 0.0049
Soil bulk density Shannon F8% 15 y=0.4541-0.0272x 0.0148
Pielou 64§ 15 y=0.9395-0.1791x 0.2828*
Simpson T5%1 15 y=0.2258+0.1892x 0.3560 *
CERS S WREH 15 y=4.0599-0.1121x 0.0013
Electrical conductivity Shannon #%{ 15 y=0.5018-0.0197x 0.0639
Pielou T84 15 y=1.0070-0.0694x 0.3504 *
Simpson 154 15 y=0.2242+0.0563x 0.2903 *
44 pH Soil pH L/ gE] 15 y=9.2762-0.6088x 0.0232
Shannon 154X 15 y=0.4180+0.0003x 0.0001
Pielou 5% 15 y=1.7569-0.1110x 0.5438 "%
Simpson F5% 15 y==0.1132+0.0610x 0.1851
TR YR H 15 y=4.5409-0.0405x 0.0836
Soil temperature Shannon 5% 15 y=0.4124+0.0004x 0.0114
Pielou 8% 15 y=0.7070+0.0007x 0.0157
Simpson 1531 15 y=0.4857-0.0013x 0.0697

* P < 0.05; % *P<0.01
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&4, pH{H, HHESKEIFAREE 1
Shannon $5 %% . Pielou 5 %% . Simpson #8445 K+
WA Ml 7R, pH (HIEAREVE 2 Pielou $8%05

THERT R AL T R LR RS KR EA
Simpson 545 T3 K+ 09% 28 MIH T 2

F4 SHEEBEHESYHEZRNZESEEFSH

Table 4 Stepwise regression analysis between diversity index and effect factors

ek RV HL B mA R

Communities Diversity index Stepwise regression equation R? P
1 Shannon 8% (H) H=1.773+0.101W-0.215pH 0.938 <0.01
Pielou $8%%(J) J=1.979+0.120W-0.242pH 0.922 <0.01
Simpson H544(Sd) Sd=-0.921-0.131W+0.250pH 0.929 <0.01
2 Pielou $8%%(J) J=1.909-0.127pH 0.676 <0.01
Simpson #5144 ( Sd) Sd=-0.104+0.104E+0.015W 0.758 <0.01

W, 3SR (%) ; pH: 13 pH; E. 13 % (ms/cm)

24 RAYES TERFRCR

FE S AT 0L, BV 1 R AEY) S IR ¢
RuFE, Bk 24WEYES HEFHELREA
3,

BETE | AHAR A= Wy £ I F 5 258 100 34 Jonn i 20 3 34
i, 7EH SR 3.6 ms/em Ab ik BT 5 18 T %,

30 r
—y=-11.15+ 190.088* 78.82x7
25 R*=0.426 P=0.036

20 r

'Y

T L AIAR A
Fine root biomass of C1/(g/m?)
[ J

— »=-50.30 + 33.15x - 4.343x2
R2=0349 P=0042 ®

i 2 RIS A LA, AR 2B Y S B =
I I,

HETE | AARA Y bE pH (EXG N Se R s TR,
7E pH {E0 9.10 BHR B K, #EVE 2 iR B 7
AL UL pH B P, B pH A A 3G in i 3 i, 53 fin
HARB W ARG
[ y=-897.44 + 197.04x - 10.697x>
» R=0.787 P20.0001
° I °

50 | — y=-248.85 +450.14x - 191.04x

R*=0.255 P=0.17
40 PY

T2 AR A
Fine root biomass of C2/(g/m?)

 y=-17223 +72.36x - 5.59x
R=0.531 Pg0011

1.1 1.2 1.3 1.4 1.6 1.6 24 26 28 3.0 32 34 36 38 40 42 7.8 80 82 84 8.6 88 9.0 92 94 9.6

| — y=-2631.95+534.79x - 27.05x>
R>=0.658 P =0.002
o0

0.8 1.0 1.2 1.4

TSR E
Soil bulk density/(g/cm?)

1634 36 38
TSR

Soil electrical conductivity/(ms/cm)

4.6 8.8 9.0 9.2 9.4 9.6 9.8
+3#pH Soil pH

40 42 44

Es5 AIESRHTEREVESTIERE BSE pHEFHE

Fig.5 Regression equations of fine root biomass and soil bulk density, soil electrical conductivity, soil pH

HIZE 5 AT UL, pH LR BEAREVE 1 AARAE
B MIEATTRE, L3 pH (R e SR A L K
HAEA T H5EE 2 ARAEYRZE L PRI,
2.5 b bEAEYES RN THRCR

M1 6 nI L, fEvE 1 M EAR Y S RS K

KR W K Y NS RN, 7E K
H 6.09% 35 B H KAG G b AR R IR 4R TR, BEE
2 AR EHESOKE R AN EE, BVE 1A
TR 2 M DA RS IR E LR M+
2% T (14 0 b b A AR S TG K TR LR R 2
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Table 5 Stepwise regression analysis between fine root biomass and effect factors
B B A 7R . ,
Communities Stepwise regression equation
1 Fr=-851.205+102.802pH+24.784E 0.746 <0.01
2 Fr=-759.034+83.339pH+26.559E-2.468W 0.669 <0.01

Fro I EE (g/m?); W, HIES/KE (%) ; pH: T3 pH; E: T3 F% (ms/cm)

——— y=-947.95 + 349.29x — 28.68x?

—— y=-1653.34 + 2380.05x — 799.09x>

—— y=-761.88 +508.48x - 74.13x>

E
210 R2=0593 P=0.004 r R*=0447 P=0.03 I R*=0.595 P=0.004
23 10
ﬂ =]
3% 100
2 ¢
S 80
% 60
2
S 40
< 4.5 5.0 5.5 6.0 6.5 7.0 7.5 1.25 1.30 1.35 1.40 26 28 30 32 34 36 38 40
Ak E ER:E2a: 0y TSR
- Soil water content/% Soil bulk density/(g/cm?) soil electrical conductivity/(ms/cm)
\? 220 *7y:—26.027+55;8.13x—295.01x2 [ y=-1528.79 - 2636.67x - 104.79x> [ ——»y="2780.54 + 1383.lgx- 163.11x
2 200 | R?=0.408" P=0.047 F R2=0.541 P=0.00 + R?=0423 P=0.041
I 180 - o ® L L o4
ﬁ“s 160 | ° L :
4 g 140 ° [ X F F
85 1201 e ® ® L i
*@g 100 - + -
#3 80t L L .
5 60 - » L
g 40 ! ! ! ! ! ! ! ! ! ! ! ! ! ! I
—2 8.8 9.0 9.2 9.4 9.6 9.8 1.0 1.1 1.2 1.3 34 3.6 3.8 4.0 42 44 46
pH TaAE TSR
Soil bulk density/(g/cm?) soil electrical conductivity/(ms/cm)
El6 WAEBAHEAREYESIESKE LERFE BEX pHENEFEFRE

Fig.6 Regression equations of fine root biomass and soil water

b b AR i S B R SRR A R N S RS B AR

B L BAEY RS 4 pH (X R A BB
% 2 M AR R R pH Y 3N 8 R, 7R
pH {H 9.42 W ik B KAE S TR T RE

content, soil bulk density, soil electrical conductivity, soil pH

rE% 6 mI UL, pH {H 35 1 A 4 338 5 K i i
ABEYE 1 M F AR s R RS, YR 2 AUE +
R E I A M AR R R

x6 i bEMEBESYMERNZESEFS
Table 6 Stepwise regression analysis between aboveground biomass and effect factors
B A 0 1 5 7 @ R
Communities Stepwise regression equation
1 B=-38.58+43.126pH~-6.254T-13.288W 0.865 <0.01
2 B=-230.39+309.02R 0.545 <0.01

B: HEJ:EE@J%(%/YNZ), W j'_igl/ﬁ\d(%(%), pH; j:ig pH; R: iigﬁi(g/cmg)

3 e
3.1 EELEMEYR 2R

Yyh SRV B R AR S R G A e £
FEAR' H NG BET 10 A P TR S R G AR

LSIA
7
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PN A W 8] AR A ELAE FH PR 35 R B 2 R 224
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AT RETE 1 5RE% 2 B2 FEE R AR TE I (8]
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7.8 A A K B i A A R AR ) B BT 2 I
KA BGRB8 B 38 R AE I SE IR |
FAREE | T Aa kb il B S I R LA K AE 7.8 H I
K I SEHEE 1 YR ECH | Simpson $8 502 &
a9, Shannon-Wiener $8 %4, Pielou 4 2] J& 5 %
Sorenson AHAUVE REL W E K, #Fds 1h e HM9,
10 A AP IR MEESEEA KT8 HZ 2
Y21 88 K, Shannon-Wiener 8 50788 K, Simpson
FHGERIL S Shannon-Wiener 15 80H Sz i #

TrevR 2 PRIH: 09 3 T 32 A7 AR 1 5 v P S
BRI T HE A YA T B B K, B2 B R A YA
WD B3 I, X AR B R R BN, BE
7% 2 eV 1 AU S EAR Y MR BB 32 W) T
HH A S E S W] 5200 Pielou 4 5) BE 15 8UHE
HAERFTYERE 1R, 2 E Y H
FIAM A SR FE R 5200 B V% 2 Shannon-Wiener $8%4
TEBANE KI5 TR Simpson $8 82 2%
ETHER,

ISR E R (U N 7S S L NS TR
YL, Ay T SR BT 55 10 ) 58 22 b A A7 ) BR
il AR 1) 2 - S 7K R B % T S Joi A 2 R ) A i XA
Yrieve o A i £ A, EEE SEREIE M)A Shannon-
Wiener ZFEVEFT Pielou 1475 B BE + 18 By S % pH
{ELAY IS R 35 B A, X 5 T 0 5C 1 L 3 #h i Ak 2
IR i F g AR D R %5 90 A1 M AR W) 2 e 1 32 I A
ML L, o RUACK T Lk il ik A2
JEAR R, 3R A A - 4 pH (E R T = TR
WEEE SR Is AL W) Z AR K e U g B R AT
FREVR TR
32 EESAYE

EYERETFNESRENRNEELS R Z —,
A Wy R RPAIE S A 25 AR GE R BIRAE P HVE IR ) B T H
AEERLY —WIME KK AESRGEH T2
Ui PRI S AR IEVE M) R 2 AR M/ AELA 0 A
B w5 BN YRR, RSO EEE SEREE 1 IR
Ve 2 o b A W SF 2 4E 23 5 O 100.20, 140. 25
g/m” , R TBROSL XHAGE Y 55.55.63.63 ¢/ Bk
ZERLUTS RN S AR R IE 1 295.6 g/m® Y B
ELEMETE 1 MR 2 AR AW &1 35.92,
105. 13 ¢/m’/INF Jackson SEH3E A 2 BRTE A S R
GEAMAREY R (270 g/m®) X AT RE S AR SCEEEE 4K

BT oA T s T 52 O OC AR U R 536355
SEARE Y B L VR AUAR A W i (54,51 g/m®) P
£ 3l

T A ) A ) AN [ %) D R B K TR
JCHR R T | SR R ARSI R S A )
TEER T LI R E e ZA, O IR R A — 2
PRI 38 PR s il 8 B S A AR A= ) AN (] Y 22
JEPH AR A Ay S 2R Yy i ) T B 4 X
A SR AR A i 10 SR, AR X RS HE R AR
TR o B Y AR SCEE SR B AN AR A ) i
A4 E pH (A SR AA B ENMCHE, 5
TS K E A R AR B, EEE SRR
1 REETE 2 1P A T 50 1,36 1.21 g/em”,
W T REVR 1 HA BRI e E, AR T - LB
JERAE S &, S IEMAEY) A LTS
b BRI T AR AR FR AR AR T K A AR 1 A
R, I, SRR AR D R

EE T SN T R B ), i i Na™ F1 K 35 & 19 3
TR S 95 1 A DATE R HEER B At el &
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HAWSR PR BT ae 01, it £k /8 77 a1y
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