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Effects of pruning on soil microbial community in the Caragana microphylla-encroached
grassland. HAO Guang', WANG Xiao-ping' , DING Xin-feng', DONG Ke', YANG Nan', GAO
Shao-bo', WANG Jin-long”, CHEN Lei', HE Xing-dong', ZHAO Nian-xi'*, GAO Yu-bao'
('College of Life Science, Nankai University, Tianjin 300071, China; > College of Agronomy &
Resources and Environment, Tianjin Agricultural University, Tianjin 300071, China)

Abstract; To examine the response of soil microbial community to pruning of encroaching shrub
species and explore the relationships between soil microbial community composition/structure and
soil physicochemical properties and plant community, we set up treatment of pruning Caragana
microphylla plots and control plots without pruning in the C. microphylla-encroached grassland of
Inner Mongolia. Three months later, soil physicochemical properties were measured, composition
and structure of plant communities were investigated, and soil microbial community composition
and structure at the depths of 0—-5 cm and 15-20 c¢m were analyzed by phospholipid fatty acids
(PLFA) method. Compared with control, pruning treatment decreased the total aboveground bio-
mass, with a significant decrease of Artemisia intramongolica biomass, while significantly
increased species richness and Shannon index. Soil pH was significantly lower at 0—5 cm layer,
and soil total carbon content, total nitrogen content, and C/N were significantly higher at 15-20
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cm soil layer. The PLFAs contents of total microbes, Gram-positive bacteria (G*), Gram-nega-
tive bacteria (G™), bacteria (B), fungi (F) and actinomyces ( Act) were significantly higher,
and G'/G~ was lower at 0—5 cm layer. Results of redundancy analysis (RDA) showed that soil
pH was positively correlated with the PLFAs content of G*, and negatively correlated with that of
G, F and Act. Soil total nitrogen content was positively correlated with PLFA contents of G*,
G™, B, F and Act, while Shannon index was negatively correlated with that of G* and positively
correlated with that of G™, F and Act. Total aboveground biomass was negatively correlated with
the PLFAs contents of G™, I and Act. These results indicated that soil microbial community com-
position and structure would respond rapidly to the changes of plant community and soil physico-
chemical properties caused by pruning, which could be used as an indicator for soil health and
provide guidance for the restoration of shrub-encroached grassland.

Key words: pruning; Caragana microphylla; soil microbial community; phospholipid fatty acids

(PLFA).
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FEWFIERE L DY SR IE 3 D) /NI L
TN 5 B FE — B0 XK, 3 9 7> 50 mx 50 m A
DX AR A WL T BT I 45 (2019) . T 2017 £ 5 1
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Table 1 Community diversity indcies under different treat-
ments

Qb3 Margalef Shannon Pielou
YR Y g 5] BE R

popitt 0.89+0.10 1.01£0.07 0.80+0.04

T 0.99+0.07 1.29+0.04* 0.89+0.02

# RIS X B RIETE 0.05 /KF T B 22 5

F2 AELGEEZEHTEMEENERREYE
Table 2 Plant community composition and biomass under
different treatments

i P (g - m™?)
SR X1 T
ZAEE KA 59.43:41.61 42.82+18.02
REE Agropyron cristatum
il SE 0.17+0.17 1.89+0.78
Cleistogenes squarrosa
HEIRPIR - 2.86+1.85
Poa sinoglauca
FH - 0.55+0.55
Leymus chinensis
ZAEH N 0.80+0.78 0.2120.12
JuK Carex korshinskyi
HuAH K 0.66+0.43 0.03£0.02
Cynanchum thesioides
JRAE 1.72£1.37 0.590.40
Melissilus ruthenicus
WA - 0.01+0.01
Allium chrysanthum
R BE 6.034.46 1492 70
Artemisia frigida '
W 38.94+24.89 0.06+0.05
Artemisia intramongolica
— AR HE 23.66+14.92 25.67+9.75
MR Artemisia scoparia
PRk 131.42£32.36 78.34+20.31

R AR R B 2 (DA Y T AR A R e
e, EEERMWE YRR E (R 2),

£33 FRALEZFHETLHEBAMROMIER REER

AN TR FE 1 A 398 B P o 6T S Ak 8L %) i o AN
[, Hr,0~5 em 2 340k 4 A DL R A L AE
SRS N R AL B[] 240 2 22 5, 3 pH (7R
FEALPRAH i AR T X BRZH 515~ 20 em 3P40
RV R AE -7 AL PR $4 i E E F RRAH
(P<0.01)(%3),
2.3 VAL - S M A R B S R

TEFTA TR b &3 KT 1% 1Y PLFAs 4t
H 19, FEERLE C, ~C JuH MW, HEAER
87.6% ., SXFHAAILL, £ 0~5 cm JZ 1 HEE (Total )
PLFAs #fi# ( B) PLFAs  FL& ( F) PLFAs | %5 = [C[H
PE(G")PLFAs 2[R P (G™) PLFAs DL R 21
(Act) PLFAs I 75 V- AL B A5 R 1 I 253 in
(P<0.05) ;M 7E 15~20 em +1E)2 {7 Act PLFAs 19
P ETE VAR T BN (P<0.05) (B 1),
P A RS 450 L 0~5 em &b GT/GHE
PIRR AL PR E) 22 5 00 3 A AEAL BR AR B
TR AL B ( P<0.01) ; F/B J2 SATFA/MUFA 1£
PIFPAbFRRI I TC W 25 5 (K 4) .

2 PG BEE R B 1 A B e R
W e, S0 RE R L, A B 2 FC
BT FERELE 0~5 om HIEEAH FREGH 1
15~20 em/ZA L3 55 =2 [QEH R T i AH X 2 B2
TE0~5 5 15~20 ecm Z¥ & X, H7E0~5 em
JRZEREE(P<0.05) ; HF WA FEAE0~5 5
15~20 cm 22T B i 2w BR300
THa# (K 2) .

ISR
)

i

Table 3 Results of independent samples ¢ test for the soil physicochemical properties between treatments

AR-E

WRE 0~5 cm

W 15~20 cm

SCHL

i P PAH it P Pa
HHEA (g - kg") 6.17£2.27 6.27+0.22 0.967 1.52£0.10 4.79+0.76 0.001
THEEH (g - ke™") 0.72£0.22 0.74x0.04 0.929 0.23+0.02 0.54+0.07 0.008
AL 8.37+0.36 8.49+0.21 0.755 6.66+0.40 8.68+0.24 <0.001
+4 pH 7.01£0.03 6.85+0.04 0.008 7.34£0.15 7.29+0.08 0.787
Bl A - E bR R
T4 AELSBEEGTHEMEYE ZEHFT
Table 4 Characteristics of microbial community structure under different treatments

R 0~5 cm R 15~20 cm
it P it et A

24 PR B/ 2 [CBAME R G /G- 3.9420.13 2.99+0.20 4.04x0.27 3.97+0.18
ELH/ 4N F/B 0.27+0.01 0.25+0.01 0.23+0.04 0.21£0.02
HUFI AR 7 82/ B — ARG W 2 SATFA/MUFA 2.15+0.07 1.98+0.10 2.97+0.45 2.85+0.19

B AR e, # RN RIS X BB 0.05 K P T B 2R,



AR TTAE RS /N SR L DA B AR A T B

3295

2007
- mpay:
T u P
P50t -
)
8
< 100
mm *
&
< 50t wox *
—
-9
Total B G* G F

B1 AESEEGTIESBEAE I (Total)
(Act) & &

Total B G* G F Act
hbe

4% (B) HE(F) . FZRAEE(G) EZKAME (G ) MHER

Fig.1 Contents of PLFAs for total, bacteria (B), Gram-positive (G"), Gram-negative (G~ ), fungi (F) and actinomyce-

tes (Act) in soil under different treatments
* ,P<0.05; = = ,P<0.01,
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Fig.2 Relative abundance (mol%) of microbial taxonomic
groups under different treatments

2.4 TR AR A BURN S5 R AR AR I BK Bl P 2
TUARATHTEE R, e fbvE T e A
TR L N EE R LE S — Tl R T Il A I 2 A
FEAS S0 47.8%, 7655 il B T R AR S 1
24.8% , 3¢ B IR 5% PR 1 X A 0 E 0% A 1l fn 465 4 L
ﬁﬁ%%ﬂﬁo Horp, 48 pH B3R IR T
BRI 25% 1 9% , 4 F3 5 G RIEM K
2,5 G F f Act 2 AHF K F ; Shannon F5 ELff B
TR 10%, 5 GTRAMKKR, 5 G FH
Act BRIFMEE R M LSRR T RS K

8% , H:5 G~ F Fll Act AR (K 3,3 5),
£5 BETESEYARNEHETSNTEREET

Table 5 Main environmental factors contributing to varia-
tion of soil microbial composition and structure
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Fig.3  Relationships between soil microbial community
characteristics and environmental factors by redundancy
analysis (RDA)

TS YA LR RS RS Y R AL
PGP 7 T A5 HEAE ] ( Delgado-Baquerizo et
al.,2016) , TE/NHERXGJLP-ZEA B AF N, 38
PLFAs J#525HF(G* .G~ \F & Act) PLFAs &5
TR 1), GOE WA 75 0SS 7 A B o) 7 [] 1
% 31 b R TR VA R O R A AR SR Y 5
e, PR IS  CEEARE VS E Y 2R TR
(TR 99.8%) , itk K58 1Y) 20 4 H: AR B oy 4 H 28
RA AL, BET ZAETERT I, X Al A R R A 1R
BEEE AR R AR R EREE, YN 3 0 1 22 R 14 (Ushio
et al.,2013; Eisenhauer,2016) , AW 5 & A, Shan-
non 8405 G~ . F A1 Act RIEAKLK R, LIS
RAEHAMEFE h A & B, 40 Mileu 55 (2006 ) 76 A
AR A T OTSE T LSRR Y st A b K
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IRERE AR e 1B, & G P A T Xof 1 b A
AP MR 107 F X8 A ) g o 7 B AURR 3 R
DK T AE ) 22 FE 1 X 15 0 (S ASHAE ) 94 Vi ) AR 3R -
P A A U, AT 5 T A0 il B G Y BE
PR BT a XA R T s IR i 2 e
U TR W T A RN 25 4 T LA 2 s i i A
P E P, a0 S A W i IR AE (Mileu et
al. 2006 ; Nilsson et al.,2008) , FUX,/NH4R3E )L
IASEFERN R R | A A A0 38 0 5 ek 2 A 0 2% s A
F B IAR R B K BE T, (A5 8 & K B 4 A
i 13 pH TR, 7E T 5 T R AR X EE R
N pH MR 8] v MR Bl (T 30T, 2016) , kT
RDA 4521, 13 pH BB B IR WA s AL U 45 4
SVBSERY 25% , H-5 2 A 18 br ) 38 3L o f70RH 6 ¢
B pH MREAR (G b i) AR T AR R A K
(#%3), 13 pH 1Rtk E TR Ve 7% 24 b2
FESVEHAER LR HEA &P ( Acosta-Martinez et
al. 2000 ; Hogberg et al.,2007) , 41 Acosta-Martinez 4§
(2000) ZERFFT AL &4 b A= 285 R G & PR, 4 (M
B ) 19 T pH REREIR TR A Y&, HIE
pH AJ S e Z Ak 2 N ) R ARV ( Lauber et al.
2008 ) , 4n pH AR 2o (8 T Al 28 | A AT
W) ORI (XU IRAE , 2014 ) ; $2 342K 57 0
i (TO0H,2016) 5 1HE pH REMS BT 2L E W)
PR A B2, ol A ) ) R R DA R 4R vy g O
( Acosta-Martinez et al.,2000) , K I, H XA 9 1
M2 Z T H . 755, RDA 45 2R 7R H A
REMRETICE I RE VR B8 1 9%, H MRS A& &
5 IEMAY) PLFAs & B8 IEAHSC R &R (B 3,58
5), 5CAMHRER—F(Mitchell et al.,2012) ,

T IR % 4 R RE A AR e e s ke - SE A5 1)
AR IR ] A F 1 ( Zelles er al., 1995 ; Djukic et
al.,2013) , SATFA/MUFA ] JZ B A3 AE 8 76 107 %
BE b 3a T (038 N AW 280 W R R ARy 3SR T
T EEFG 7~ (Zelles et al.,1995) , i SAT-
FA/MUFA > 1 3% 78 + €57 70 (9 n] 1) T R 85 1%
( Carrasco et al.,2010) ,5 1 f B #G ) + 38 57 43 7]
FIFHABAR . ASLH AT ST X SATFA/MUFA #4755 T
1, EH7E 1.98~2.97, RUHZES R G L850
AT R SR AR, XTI L PR B AR T
HENE] 0~5,15~20 em +3)Z SATFA/MUFA f77£
TR RIS A T PR BT M E B EE AR,
ISR AT A AR BN 3 5 /N B XS JLHE AT

FEIE R EA VR RS , DR 5 N 2 23 e ) U R i
BX, FHN, AT, G B ) TR A A 75
Yy AR DL K LT 53 WA SR e s, BV 3 1 5 A
XTHEE 1S (Manzoni et al. ,2012) ,TEEFTFREE
PR EE H, G e G A K iR B ( Djukic et al.,
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4 4 g
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