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Effects of pruning Caragana microphylla shrubs on the spatial distribution

patterns of neighbouring plant communities
DING Xinfeng, HAO Guang, DONG Ke, WANG Yukun, GAO Shaobo, CHEN Lei, HE Xingdong, ZHAO

Nianxi *, GAO Yubao
College of Life Science, Nankai University, Tianjin 300071, China

Abstract: Over recent decades, the Inner Mongolia Steppe has degraded seriously owing to global climate change and
extreme human activities, and the population of Caragana microphylla (a native leguminous shrub) spread quickly in the
degraded regions. To relieve the pressure of shrub-encroachment and promote the restoration of degraded grasslands, several
measures, such as pruning, have been carried out. However, little is known about how pruning affects the community
patterns and soil physical and chemical properties. In the present study, we selected a C. microphylla-dominated grassland
in Zhenglan Banner, Inner Mongolia Autonomous Region, and set up pruning and non-pruning ( control) plots with a
combination of sites at different distances to the shrub edge (0.5 and 2.5 m distances, named 0.5 and 2.5 m-site), as
treatments to investigated the soil characteristics and spatial distribution patterns of neighbouring plant communities by Null-

model. The results were as follows. (1) Soil total carbon, soil total nitrogen, and Pielou evenness index were significantly
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(P < 0.05) influenced by pruning treatments, but not by sites, being significantly higher under pruning treatments than
those under non-pruning treatments; (2) Under non-pruning treatments, the community spatial distribution patterns were
dominated by competition; however, under pruning treatments, community spatial distribution patterns showed less
competition, and the 2.5 m-site under the pruning treatments was dominated by facilitation; (3) Only a few pairwise
species were detected to have significant negative or positive interactions ( the Standardized Effect Size was greater than 2 or
less than —=2) , and they consisted of the dominant species of their communities. However, they still played a key role in
explaining community spatial distribution patterns. The number of pairwise species that have significant negative interactions
under pruning treatments was less than that under non-pruning treatments, suggesting less competition in pruning
communities. The results not only provided an experimental basis for exploring variations in community spatial distribution

patterns by pruning C. microphylla, but also provided practical guidance for the restoration of shrub-encroached grasslands.
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(3) bRUERL N i ( Standardized Effect Size ,SES)
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Fig.2 The soil total C, total N contents under different treatments

R0 SEREAN LA RIS R 2SR R (P < 0.05) M T A AL (E 2)
2.2 N[AIAREEACT T BV 4 s AN Z i)

SEEG LR R A L T AR AR AR T R AN T BRI B N BT IR LR IR AR R
AR R AR RN, RIS 2R A BEVE N AR AR R BRI X 22 B 2 1, DK oRE RS
W75 D) R B IR LR AE S 2E—0.5 m FIPEAE—2.5 m Ab23 93k 3] 33.27% . 11.46% . 16.57% F1 30.74%
13.23% 17.32% , ) R BET& P 0 T EEOR S Fh ; BB 25 MRS JTCRN it 45 55 2245 A AR FOAH R 22 B2 1 T I, v e
BRI 5540, P HEARV & AT 2 B A rgm (£ 1) .
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Table 1 The community structure and species composition under different treatments after 3 months of pruning

¥ Non-pruning 2 Pruning
— 0.5m 2.5m 0.5m 2.5m
Plant i i) i) i) i)
functional groups Species E7: 3 21/ % £ 21/ % EZ: LR/ % ZE ZE/ %
Abundance  Relative ~ Abundance  Relative  Abundance  Relative  Abundance  Relative
abundance abundance abundance abundance
SRR VK Agropyron cristatum 10.00£3.90  21.54  2.50+1.65 824 11.38£0.77 33.27*  8.13x0.91 3074~
Perennial grass BERRATHE Cleistogenes squarrosa  1.75+1.66 3.77 0 0.00 3.92+1.18  11.46*  3.50£0.97 13.23*
IR Poa botryoides 0 0.00 0.08+0.08 0.26 5.67£2.00 1657  4.58x1.46  17.32*
EE Leymus chinensis 0 0.00 0 000  0.75:0.53  2.19*  0.29+0.29 1.10*
W Koeleria cristata 0 0.00 0 0.00 0.62+0.62  1.81*  0.08+0.08 0.30
2 S HHEE Carex korshinskyi 24.00£13.94 5170 20.67£10.92  68.13  0.7120.51 2.08 1.460.55 5.52
Perennial weeds ARSI Cynanchum thesioides 1.50£0.39 3.23 1.17£0.34 3.86 0.04£0.04 0.12 0.21£0.10 0.79
J 7 5. Melissilus ruthenicus 1.92:0.67 414  0.8320.37 274 033026 096  0.08+0.06 0.30
1753 Ixeris chinensis 0 0.00 0.170.11 0.56 0 0.00 0 0.00
W7 Allium senescens 0 0.00 0 000  0.04£0.04 0.2  0.160.06 0.60
A Subshrub WIVHE Artemisia intramongolica  2.17:0.63  4.67 1.920.67 6.33 0.04£0.04 012 0.1320.07 0.49
A Artemisia frigida 0.500.35 1.08  0.33:0.33 1.09 379+1.81  11.08°  2.08+0.57  7.86*
— AR
Annuals and B Artemisia scoparia 4.58+2.08 9.87 2.67+0.99 8.80  6.92:1.22 2023*  5.75:1.27  21.74*
biennials

s FORTERL BB L B R AR 2 AT 2E A0 I o B 25 8 TR AR AL B o

2.3 A[FEACHAKCE TR Z R R ROy &) B 2 5
SEHAL BRI REYE Pielou YIS FEFEEUE 5 (P < 0.05) @ T ARFEFEAL B (H []— Ab BEON [) 407 B 1] JC B 3 25
5 10 Margalef £ & BEF8 4L . Simpson F1 Shannon-Wiener 25 P4 48 50 7E DU Fp AL B [0] 3 JC .3 (P > 0.05) 25
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Table 2 Community biodiversity indices under different treatments after 3 months of pruning
fh \ ZFEPEFREL Diversity index
Treatments {iL% Sites R T A E T ¥y 51 R A
Margalef index Shannon-Wiener index Simpson index Pielou evenness index

A -7 Non-pruning 0.5 m 0.93+0.09a 0.96+0.10a 2.66+0.40a 0.65+0.06b

25 m 0.88+0.09a 0.97+0.13a 2.67+0.41a 0.69+0.07b
4 Pruning 0.5 m 0.80+0.08a 1.11+0.08a 3.04+0.26a 0.83+0.04a

2.5 m 0.98+0.12a 1.20+0.10a 3.36+0.40a 0.85+0.03a

() 37) r 5 AR ) S F s A B ) JE .3 22 5 (P > 0.05)

2.4 AFLEBACE T REE R LAAA% R

) C-score Fl V-ratio {E AN [R)5332: X5 AH [ HE V& FEAT A6 i 0007, TS 45 R 0F A e 22— 3, RFPF#E—0.5 m
A FE—2.5 m PAPE IR VR T FF 53509 C-score HSE AR 538 K TAAME (P < 0.05) ,SES
KF 2, B8 hsa et ws vy . SE#HE—0.5 m /KT, C-score 1 V-ratio (HAS [R5 i f5 SES ¥4 F-2—2 Z[q],
RETE RN BEHLIE LA R S #E—2.5 m JKF- R, 2T FE S35 C-score {H SES /N T2 5T FE B3ERY V-
ratio fH SES KT 2, P SR IR AR SEVERS R (3R 3)

LRG3 4, AT DL EDILH A Y AR TR REAL L, PR B T RER S R e G T 55 (fR R PEAE
FHHEIN) o WNFETF FE 8% FHE—2.5 m #7114 C-score fH SES /NF =2, 1M V-ratio {H SES KF 2, ¥R W #f
TERAESEVERS SR (18] 3,4) 5 940, BET FF 8L REFEPIFI AL LTS C-score {H SES Y KT 2, BEVE LI N 5%
FrVEAs SR s T F-AE—0.5 m FESS AL BRI R AL BRATARE A T -2 — 2 Z[A) R BEAL I A48 R (81 3)

®3 ETTHENSEEVEEUMEERS

Table 3 Species co-occurrence patterns of the neighboring plant communities by Null-model analysis

phgm fm R ik S E RAME ﬁiﬁé\ﬁﬂ.ﬁi
Treatments Sites Null index Algorithm Ol'vserved . Mean (_)f Standard.lzed P
index simulated index effect size
A -2 Non-pruning 0.5 m C-score FE 6.97 7.32 -0.42 0.32
FF 6.97 6.50 2.58 0.01
Fp 6.97 5.91 1.03 0.16
V-ratio FE 1.41 1.01 1.07 0.16
FP 1.41 1.70 -0.56 0.34
2.5 m C-score FE 8.89 8.12 0.80 0.23
FF 8.89 8.32 2.85 0.01
FP 8.89 7.00 1.62 0.04
V-ratio FE 0.81 1.00 -0.22 0.51
FP 0.81 1.38 -1.10 0.15
-4 Pruning 0.5m C-score FE 8.08 10.23 -1.51 0.07
FF 8.08 7.99 0.33 0.33
FP 8.08 7.47 0.45 0.34
V-ratio FE 1.44 1.00 1.67 0.07
FP 1.44 1.56 -0.44 0.39
2.5m C-score FE 15.39 19.57 -2.14 0.02
FF 15.39 15.66 -0.67 0.28
FP 15.39 14.80 0.31 0.38
V-ratio FE 1.58 1.00 2.13 0.03
FP 1.58 1.72 -0.44 0.37

FE A7 [5 5 -9 SR R e s FF AT 1858 -9 [ 2 e e PP A7 [ 52 -1 AR SRR itk
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Fig.3 The standard effect size of plant community C-score under different conditions
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Fig.4 The standard effect size of plant community V-ratio under different conditions

2.5 AFEAEBKSP T RS R E YR
28 Pairwise FAF T, PURPHE S ILAT ] 10 20 0 3 W0RIO0F | g — 20 X0 I ey o xob AT 2R RUASEAL, 4521 C-
score TEARERON i, AU 7 ZHYIFP X ARIESON B K T 2 BT -2, HAb B b MR I OC &R . BARRELN A2
ARAFHE—0.5 m ALK, 8558 15— A ARMERON 8 R T 2, N P EAE AT AR #E—2.5 m Ab B K
T, EE U HOE— A ARV E— R 3 AR AR RN KT 2 S R (e 4) .
TEFHE—0.5 m AR | B8 & — DK S AR ROV B R T 2, O 5 AP H 5 10 oK e — 3 T8 s R
INT =2 AR AP AE—2.5m AR HIUKSF R W — B S AR ERN /N T -2 AR AR (R 4) .
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F4 ET C-score EIIEIT 4 FQIEHEN K BE B Z WA

Table 4 Significant pairwise species identified by each of the four criteria based on C-score

i wr o mi o mwe o R S A Cririon e
Treatments Sites  Species 1 Species 2 Algorithm 0 Coscore CL BM BCL BY effect size
RV 05m  Jfds  HEH FF 0.725 0.299 4.08 0 0 3.75 3.06
Non-pruning FE 0.865 0.332 3.57 0 0 3.20 2.96
W OERA FF 0.012 0.387  -2.89 0 0 -2.09 -1.78
2.5m wE OERH FF 0.022 0.251  -2.69 0 0 -2.39 -1.67
BH AU FF 0.510 0.204 2.86 0 0 2.62 2.66
FE 0.510  0.181 3.12 0 0 2.82 3.00
wE REY FE 0.801 0.339 3.30 0 0 2.90 2.69
WibE MR FE 0.686 0.222 3.63 3.63 0 3.27 2.65
P-4 Pruning 0.5m VK HE FF 0.001 0.005  -2.04 0 0 -2.02 -2.02
FE 0.002  0.005 -2.48 0 0 -2.08 -2.60
KEL EEH FF 0.475 0.033 3.64 0 0 3.24 3.42
FE 0.479  0.029 3.96 0 0 3.53 3.24
2.5m W ERE FF 0.020 0.232 -2.04 -2.04 0 -2.01 -2.08
FE 0.012 0239 -2.55 -2.55 0 -2.05 -2.19
W R FF 0.747 0.240 3.37 3.37 0 2.96 1.25

CL: the confidence limit criterion; BY ; after sequential Bonferroni correction; BM: empirical Bayes mean based criterion; BCL: empirical Bayes

confidence limited based criterion
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