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Effects of enclosure and grazing on interspecific association of plant communities

in Horqin Sandy Land, Inner Mongolia
ZHAO Liya, ZHONG Hanshan, QI Kai, MEI Xin"

School of Resources and Environmental Science, Hubei University, Wuhan 430062, China

Abstract ; Interspecific association is one of the important quantitative and structural characteristics of plant communities.
Inter-species linkage analysis is an effective way of understanding the community composition and interspecific relationship.
In the Horqin Sandy Land of Inner Mongolia in China, vegetation restoration occurs under proper management regimes in
fragile environmental conditions, e. g., enclosing and non-grazing. However, little is known about the interspecific
association in the area. Therefore, a field experiment was performed to examine the effects of enclosure and grazing on
interspecific association of plant communities. And we compared the species associations of dominant and companion species
in grassland plots with the ten-year enclosure and grazing. In 2014, the grazed and enclosed (ten years) communities were
selected as experimental sites. At each site, two parallel 250 m line transects (20 m apart) were established. For each
transect, 25 sampling points of 1 m X 1 m were established at 10 m intervals. At each of the 100 sampling points, the
species composition, coverage, and height were surveyed. By analyzing the original data, the interspecific association of
species and the overall association of herbaceous community were calculated. Based on the sample survey of plant
communities, the interspecific association and correlation were studied by variance ratio method ( VR), X* test, Ochiai
index (OI), and Spearman rank correlation analysis. The conclusions are as follows: (1) Both enclosure and grazing
changed community species composition, with 30 species and 16 major species appearing in the enclosed community and 21

species and 13 main species in grazing communities. (2) The VR value showed a positive correlation between the enclosing
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community and the grazing community as a whole. According to the X test, the positive association of the enclosing
community was higher than that of negative association. The positive association among major species was 27.5% while the
numbers of the species with positive association in the grazing community was only 4, accounting for 6.06%. The result of
OI value was basically consistent with that of X* test results. (3) Spearman rank correlation analysis exhibited that the
number of species with positive association of the enclosed community was slightly higher than that of negative association.
However, the result of grazed community was completely opposite and the significantly correlated level in the enclosed
community (44.17% ) was higher than that of the grazing community (12.82%). The results indicated that the enclosed

community was in a stable development stage while the grazed community was in a degraded stage.

Key Words: Enclosure; grazing; plant community ; interspecific association
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No ZIXJE T 5% A K & 366 mm , 4R 28K i 1935 mm, ARl 6.5°C 1 AP -12.7°C 7
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N O e w10 1 A o P W R L L R 113 o O 1 < wb: LR UL A B 2 B UBc ks LADR U=)
I 1B AE B AR B 2 RIS
1.2 EpAMRA Tk
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X, RO E R 2 2 k4 /hm® +6 Sk /hm’® MRV AR T 10% , W3R © A 45 K, (B4 e Fload /b m vl o
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G A A AR 7 A LR 3 B S BE T (20 m, FECAE D) B 2 45K 250 m BURRAR, £ B ARRAT L SF IS
(10 m) B8 25 D EERE AL, B 50 DR, PIAREIETT 100 AR, FESSFBEETER 1 mx1 m [
ARETT TR JA A AR M RPN RS AR Y 100 MEEDT R IBIERREE L I B 30 4
JECHORETS 21 W0l R H 17 4> Z Y AT R e B A (R 1)

R1 DHEMEEIEVHEFES

Table 1 The main species and serial number of the sandy plant communities

AR w4 A w4

Species code Species name Species code Species name
Pa F535 Phragmites australis Ep i J§ 5L Eragrostis pilosa
Cg IKEEEE Chenopodium glaucum Aa =15 Aristida adscensionis
Mr it 45 5. Melissilus ruthenicus Ds o g Digitaria sanguinalis
Bd TR Bassia dasyphylla As O Artemisia scoparia
Pec FA 5L Pennisetum centrasiaticum Cv R Chloris virgata
Sc ¥ E3E Salsola collina Cm KWL Corispermum macrocarpum
Cs RERRTHL Cleistogenes squarrosa Ah ZEIEE Artemisia halodendron
Sv BB Setaria viridis 01 P L Olgaea leucophylla
Ld ik BHARE T Lespedeza davurica

1.3 Btk

BT PRV RN TE AR D7 i B B A A FE | DA HEBR A DL 40 =22 st A 91 A 22 B3 Wy A A
B FETT DI B BUAE N R R BRI T 0T, TSR TR IBE 285 1 | I 204 X2 A 36 RN 45 FOU AT Y Ochiai 782X 19 11
SAC TRV R P 7 22 H B B R AV I S AR IR 250 | P e S 50 (388 ) X ) 56 R EAT Spearman FRAH G
I
1.3.1  EEEM

1V = FEXT 5 B + AT 2 + A X 8 B2 -+ R 55 2
DS =1V/4x100

o 1V 2R ) FEEAE (Important Value) , DS ¥ AL E ( Dominance of species) .
1.3.2  BVASCHMEAG I

i R H] Schluter (Y77 25 LR (VR) K 224 A R]EAOCER 1Y 1 251k

VR=S,/8,

Arp BREARD 22.8,” = X P(1-P) s MO 2. S, = /N Y, (T, = )75 P, = n/N,t=(T,+T,++T) /N; T,
SR jORETT W RS, P AR S BB T B BRE DT B LA n RS R IR R, NV R RE T
B, VR=1,MFrA YRR a] I CHE ; VR> 1, AP B0 IEHRSS ; VR< 1 MIZRIH IS, . Q(w=VRxN) ZF
5 VR WEBRE MG, 4 o EAX DA AR (X2 0.95 (N) <o<X? 0.05 (N)) , WIFRRIDCHN B3
1.3.3  PyFiAhal CER 53t

BT 2x2 FIBRR B X GEvt i, A 50 P Fh E] A BE 25 0 I 38 Pk il T BORE A AR I 224k, 2 i m AR A 1,
"] LA Yates E@ﬁ?iﬁﬁ%ﬁ%ﬁﬁ,ﬁ&ﬁjﬂ

., N[ | ad-bc | -0.5N]*
(a+b)(a+c)(c+d)(b+d)

K, a RN HBLEE T B, b Fm iy B LR A A HIEETT B, c Ry A HEm P Fh
B NIRRT B, d Fm B PIFR R B AE DT B, R S X% >6.635, B P<0.01 B, A i (B] EK 25 4
#243.841<¢7<6.635, 81 0.01<P<0.05 A, AR Rl B2 1 25 5 24 X*<3.841 B, B P>0.05 A, A M i) B 4
AE . Y ad <be BIATARES  ad > be B R IERKEE
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1.3.4  Ochiai 8500 & F 8] SCHEFR
Ochiai $8%0( OI) R PP Xt HOBZE M RE B FUAR A BEAL HE BLA LR, & — A 7E 0 5 1 Z A 284k i) Jo P 0 48
B, RO, Aot [ B H PR RE 5 R B LR,

0l =
(Va+b X va+c)

1.3.5 MM
FHE SRR (DU3AE ) X Rp ] ¢ R E4T Spearman BEAH ST HE AR AT
6 ﬁ &£

j=1
3

r(i,k)=1-

A, d; =2~
(i, k) 24 Spearman BAHSE R B N JAETT 8500, F oo, 350 M & FL ke AEAETT j FEORR (D) .

2 HREHS

2.1 FERDFAELEIRGL R A

Rl B VR LT AL 30, L3P — 225 (Aristida adscensionis) JJEHL | 1% ( Pennisetum centrasiaticum)
%(Phragmites australis) GB35 LA T FIEE (Artemisia scoparia’) %,ﬁl}%ﬁi 5L 58.08% , JIUPUREETR
PIFEL 21, DL R FE e AR S 25 T s 45 R34 1L 56.36% [l 35 IO v 1 AR AS B 22
B GRS AR o | B REE T ORARE ZERL GRS RHE Y R (5 L 90.33% A ER T 1 1
YRR 165 s T, RARRE ZERE | TR S AGRHE W i O3 BE (5 L 87.60% , L3 KT 1 iy Ap ik
13, o JRASEFFI CRME Y 0 DL S EE | B 3F LU R eV &, 20 SIS N T 26.26% Fi1 123.32%, AN, kA ]
BT S ol 5 5 e B3 A K L s Vi A A ol 1 B 8 10 A8 Bl I B AE 14 % —44% 2 18], TR T 19 A2 B
R EETE 109%—46% Z ], HAB YRR A iE LR ILER 2,

R2 EHHHEETEUHNEERL AENLEE

Table 2 Existence conditions, frequency and DS of plant species in enclosure and grazing communities

Fildt Enclosed L Grazed
conditions Frequency/ % Dominance conditions Frequency/ % Dominance
RAB; Gramineae 41.319 32.726
P2 Phragmites australis Y% 40 4.556 % 20 1.908
FI B Pennisetum centrasiaticum v 44 5.225 % 4 0.466
FERA T 55 Cleistogenes squarrosa v 24 1.831 — — —
W) R Setaria viridis v 88 12.892 vV 98 15.854
i J8 5 Eragrostis pilosa 2 42 3.505 2 10 1.951
YFR Eriochloa villosa Vv 8 0.733 — — —
=5 Aristida adscensionis v 52 7.923 vV 38 6.767
¥ Digitaria sanguinalis v 36 1.839 % 60 4.934
FERHE Chloris virgata 2 26 2.397 — — —
WU Leymus secalinus Vv 6 0.418 2 6 0.846

%%}l Chenopodiaceae 30.015 37.926

WEFHE Chenopodium glaucum Vv 30 4.106 — — —
TR E Bassia dasyphylla 2 50 3.044 Vv 40 3.307
B3 Salsola collina vV 84 16.605 vV 64 4.211
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Fild5t Enclosed B Grazed
conditions Frequency/%  Dominance conditions Frequency/ % Dominance
KB HSL Corispermum macrocarpum vV 54 6.260 2 100 30.408
58} Leguminosae 8.716 3.903
Belt K 4% Gueldenstaedtia verna vV 10 0.436 — — —
JTE 5. Melissilus ruthenicus v 12 1.503 Vv 12 1.930
WA 85 B Hedysarum fruticosum 2 2 0.292 Vv 4 0.659
KL BEARTF Lespedeza davurica v 56 6.485 vV 12 1.314
%4%} Compositae 10.411 13.922
B Artemisia scoparia 2 40 4.453 — — —
KHFH Artemisia sieversiana vV 2 0.129 — — —
7% VLS Artemisia halodendron 2 22 5.254 v 46 10.663
WS Ineris polycephala 2 4 0.193 — — —
H 1L Olgaea leucophylla 2 10 0.382 vV 16 1.554
NI F5 I3 Ineris gracilias — — — vV 14 1.705

HABHHEY) others 9.688 12.525

57 Euphorbia humifusa 2 48 3.902 vV 50 5.121
HIF K Cynanchum thesioides v 36 2.030 vV 34 3.013
WIZE 4 Linaria vulgaris — — — vV 14 3.114
i L Saposhnikovia divaricata — — — vV 2 0.595
PEEE Tribulus terrester v 18 1.595 v 2 0.682
KFAAE Erodium stephanianum v 6 0.585 — — —
KOLLFE B 3K Potentilla anserina v 16 1.101 — — —
MHHESE Convolvulus arvensis Vv 6 0.274 — — —
(5138 Equisetum arvense Vv 2 0.201 — — —

V' B AR s — . PR E R A

2.2 BEE BARSCHRME BT
T[] 0 A ST M S e T REVR IRG E e L e 3 R, FEI B U R TR SR G I M 1 T 22 LE R VR
PIRF 1, ARSI o 7RI FAETE FEI AN, SR S RRCHORE V5 5 (AR 25 2 3 I 28 1 L DGR |
F3 EHMBRR SRR T

Table 3 Dynamics of overall associations in enclosure and grazing communities

W 725 Kyt & X2 A 4

Type of community Variance ratio Statistic @ X?threshold value Result
Fil#f Enclosed 1.65 82.5 [34.76, 67.5] RS
U Grazed 1.95 97.5 [34.76, 67.5] i TR,

2.3 PplEIERES AT

RS T (E 1) o, FIEEE 16 D> 2R ILALR 120 ARG, IEBREE R 78 4, 15 65% ; f ks
FIXF 42 4>, i 35% , HIFHRES 238 (16.67% ) K T HHKES 3 % (10.83% ) . BUCHHER o, KR BUSe /e A
BT A B, Jeik 5 AL R AT XA, i 13 S B FPLLAL 66 FhXT, IEBREEFIT 41 4, (5 62.12%
FBRLEFI YT 25 4, 15 37.88% ; W MR F | W E IEBREE IR STA 4 (15 6.06% ) , A k3 Tl 2 i Foxet
PR T st B AR 55 4, o 33 St A Bk Es Mo i b & A T ol

FeA B, PR S S S R R IC 25 M B RO B 2, AR AR A 25 R R R B A  HL
R HCE, SRR SE GRS HUE R R B IR s R TR (1) — NIRRT — A
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Fift, M T AR ORI IR] SC 2R, A% B 3-8 5 LIBT3 R AR FEA B 2 A 5 (2) W ihox #1058 2% AF
A RE AL AR IS RSO, 0 = e T S 4 5 3 SRS 22 SR B LA 5 R R s 22 LT ] J2 A Dy ik 28
e 22 [0 R P PR EIR B AP AE 22 5711 THCBOREVE 1) R (BT R 25 M A5 5 , DU B 3i6- T  , — 9 - i
55 BUIRGT S R - R S IR A AL SR A e R 22 LI [R], JL 4l 55 Ay b 1] 5 R 34 AN T
i, LR ] AR BT — 2 ) R (EAP AAAE SR ST A A Sy

* HBEIERLE(> 6635 M BEIFHRKLS(3.841<x?<6.635) A FHEAE(x<3.841)
Yo MBERBRLE>6.635) O BEMIELE3.841<x2<6.635) A FilkgE(x <3.841)
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Fig.1 The semi-matrix of the X test in enclosure and grazing communities
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Pa: /"% Phragmites australis;Ep: 18 J8 ¥ Eragrostis pilosa; Cg: JKZEHE Chenopodium glaucum; Aa; =155 Aristida adscensionis; Mr: Jii 1&§ &
Melissilus ruthenicus; Ds; 5 & Digitaria sanguinalis; Bd, 1L 5 % Bassia dasyphylla; As: B E Artemisia scoparia; Pe: 4 ¥ Pennisetum
centrasiaticum ; Cv; FEJB ¥ Chloris virgata ; Sc; ¥ 3% Salsola collina; Cm: JH: HL 52 Corispermum macrocarpum ; Cs: K& o Cleistogenes
squarrosa ; Ah ; 2 EIRE Artemisia halodendron ;Sv ; YR Setaria viridis ;01 ; P 1Ly g Olgaea leucophylla ; 1.d; kAR T Lespedeza davurica

2.4 Fpra]SCERARE i

4 R BEBEE LA 120 AR BOHCREEE 78 AR, P Hh R SR AT 66 X, A 36
XPBISCHRAR R A T U, BR LR PIREVE B O (ERE KT 0.6 (FEIENRET 5 81.83% , HUHUHEVE &5
82.04% ) , Ui WM Hrevis S5 SR ] A SCHRAR B b S5 05 . Eoh, ARV v A3 A 2Z 8] 1) OF (50K Bl
AR Ry | U WV DA i ) Ik Hh BAS LR, TP A o T A 8 i L 5 R 5 5 LAt g o S s ) O
BRI, 1 sk Se Rl B HE e, 7RV PRI B LR

XF HE X 2 2R | PRI ARV rh R B 25 IR A RO FR X OF (AR, ik & WAL 74 B35 R BLIN 2
HDHSCRIRE OF fEE/IN, i - 22 LR A5 OO B A A IRDEE 3, Qi e 32 I RES A9 8 B - 1L 8 OF
{4 0.75  FFAERO XA SRR S VEA W35 (5 O {EECRBIIE L, i R B3 B35 (K 2) o

F4 BEHMHBBETE Ochiai I58(0D) Fit R

Table 4 Ochiai indices (O/) of inter-specific associations in enclosure and grazing communities

0=<0I<0.2 0.2=<0I<0.4 0.4<0I<0.6 0.6<0I<0.8 0.8<0I<1
TR R e 5 DGR FxdHi Rl
Type of community Species /% Species /% Species /% Species /% Species /%
pairs pairs pairs pairs pairs
4+ Enclosed 19 15.83 26 21.67 46 38.33 27 22.5 2 1.67
T Grazed 17 21.79 32 41.02 15 19.23 13 16.67 1 1.28
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2.5 Spearman FEAHIESHT
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Fig.2 The semi-matrix of Ochiai indices ( O/) for species in plots in enclosure and grazing communities
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Fig.3 The semi-matrix of the Spearman correlation analysis for species in enclosure community

* % P < 0.0l; %« P< 0.05

ol ) S I 2 R M0 Ar, TR PR AR DG R O 0, R A O R A R Y R R IR X G 6 A S A
e i 2 KO IR AT LU IR T Spearman BRAHIC /M, H XK I H B PR HH) & Vi A AR e M S 5 i g i ) O
2 KA SEPEAS (35 X o) X LA AERA 22 |, T Spearman Bk AH 5& 20 BT o] B AP 42 225 18] 20 A7 (1) SEABUIR | K6 56 45
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Fig.4 The semi-matrix of the Spearman correlation analysis for species in grazing community
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