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Effects of Shrub Encroachment on Soil Carbon Pool and Soil Microbial
Community Structure in Alpine Grassland

TENZING Droma, MA Wenming', MA Xiangli, MU Xianrun
(College of Grassland Resources, Southwest Minzu University, Chendu 610041, China)

Abstract: [ Objective ] With global climate change and overgrazing, shrub encroachment is extensively occurring in global
grasslands. However, relatively little is known about how the structure of bacterial communities shifts with shrub encroachment.
Thus, considering the aboveground plant community, soil carbon chemical composition, soil bacterial community structure and
network beneath the canopies of three typical shrub species (Potentilla fruticosa, Spiraea alpina, and Caragana microphylla) as
well as in adjacent grassland (as a control), the effects of shrub encroachment on the structure of soil bacterial communities and
soil carbon pools were explored. [ Method ] 16S rRNA gene sequencing was used to investigate the bacterial communities and
co-occurrence features among bacterial taxa while Fourier transform infrared spectroscopy (FTIR) was conducted to assess the
soil organic carbon (SOC) chemical composition. [ Result ] Shrub encroached grasslands (Potentilla fruticosa and Caragana
microphylla) showed significant changes in aboveground plant community composition (P < 0.01) while the aboveground plant
community diversity and richness remained constant (P > 0.05). The biomass of the three shrub plots was significantly higher
than that of grassland (P < 0.05) whereas underground biomass showed no significant difference (P > 0.05). Shrub encroachment
had no significant effects on SOC and total nitrogen (TN) contents, but weakened the differences of SOC contents between top-
and subsoils, as shown by significantly higher SOC contents in the topsoil of the grassland than in its subsoil (P < 0.05), with no
such trend in the three shrub plots.The SOC chemical composition in both top- and subsoils of the three shrublands and grassland
was dominated by aromatics(except for deep soil in Caragana microphylla plots), with no significant difference in aromatic
content between shrub and grassland plots (P > 0.05). However, the Caragana microphylla plots exhibited a surface-aggregated
distribution of aromatics (P < 0.05). Random forest model analysis revealed that the distribution of Acidobacteria and
Actinobacteria was the most important predictor of shrub encroachment in top and subsoils (P < 0.01). According to non-metric
multidimensional scaling (NMDS) analysis, the bacterial community composition of alpine grassland was significantly altered by
shrub encroachment. Moreover, plant community composition and SOC chemical compositions were the main explanatory factors
affecting bacteria community composition in both depths. Functional prediction analysis identified four biological metabolic
pathways, including cellular processes, environmental information processing, metabolism, and genetic information processing,
with metabolism being enriched in shrub plots (P < 0.05). Based on topological parameters of total links, complexity, and natural
connectivity, the results showed that the soil bacterial network of shrublands was more complicated and stabilized than that in
grasslands, and mutualism or commensalism may play an important role in establishing the bacterial community structure.
[ Conclusion ] In summary, the results of this study suggest that shrub encroachment had an important regulatory effect on soil
bacterial community structure and soil carbon pool. The results enrich the literature on soil microbial community in alpine
grassland and provide a theoretical basis for the effect of soil carbon source and sink in alpine grassland.

Key words: Shrub encroachment; Bacterial community; Soil organic carbon chemical components; Bacterial co-occurrence

network; Aboveground plant community
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TIEA PR (SOC) MsEm AR —3, ©A rlhefl
SOC &gty b0 e R R AR H ik,
T RHEARXT TS PR RE IR, RS R e FE LM 1
SRR A5, B it — 5 IS LA

T A YR T R IRAEESEZ R
AW ER A AR R SR B T A R R
DS iy R A ) B A A W) 1) e AR 23 R PR P )
FAR 2 50 W) WS A B o, E T 5% e fl 2 U R
IR Z RS Ma PRI ST A R, HEML
AN T B AT E( Acidobacteria )35 555 #7 TR AH X i,
FEULZ A (Actinobacteria ) 55 & 5 FF W AEHEA T
b R RERRAR, L EARIRE TR 0B AT R 2 g R
A A 4 e A AT Li AR RIS SR
TEN A S P AR X AR AR S ] L3R03 LA SR 4345 ¢
IR a4 Rk, DARE () AR B R 2 Az (R 4H BRI 3
5o FeA R A R T A [F Rl ) A A B, B+
BEE Y DI RE M AN, BETTRE SR m AR R R G e
TS ARG R Kehe 6121 B A g
A 43 AR R A AR I, 0 T B R R R, R T
TG IR . 0 4 O FRAE T30 B YRR X6 a0 Sk s ] 8 T
HE RPN, B S i A AR AL
A7 B YA ) /2 Al R A 1 R ) O R R R 3
AR SRR IR AR IO A FEAE , 25 4 1
IR 3 P, HEME S A I Ve 4 1 1 284k
I LR I AR Wb kA S R AR, A CO, Y AR
R[] 7

TR e S SRR O HE LA =, R AR AR
SPURIX IS, JTAESk, R ERARAE LA AZEIE B
T, HRE R EMEIS H 25 HE . 1990 422
2009 4, 5 AR RS AT 39% K 1L R ) o A
R0 LA ML B g B P T R T R
DCHE MRS L EAE Y RE T, . SRR B A G
AR SE R, T - S GA RE  Xo) E A A 4) mie Jz TT
(14 P R (7N - i e =i NN TR P v =
ARSI 168 FE M mEEENFHEAR, R TE
M R ARG 3 PhBLRIEE AL R (Rl g4
Spiraea alpina. 4 F&H¢ Potentilla fruticosa. /N4
X5 )L Caragana microphylla ) +3#E3RZ2 (0~10 cm )
FRIZE (50~60 cm ) ZH T HER LT, WA T e
by E AR KT - ST A W T S A A LB AL A 4
S I , LASHY S s T A R b 1 1 B A 2
PR AL AR

LB

1.1 FAREGR

AW TR S RAE AR A L0 B i IX
ST e R AR 2, P ITE4R 3 500 m, 4R
i 0.9°C, FEFEKE 690 mm, AARZEA Ky 5 5 TE
TR PR 2R KU, IR Sy v L AR ) -
TN RE Ml AR AR 43 0 R e 1L 5 2658 ( Spiraea
alpina ). 4§ ( Potentilla fruticosa ). /W43 JL
( Caragana microphylla ), WEASFEY) E 247 D41 57 )i
i ( Agrostis szechuanica ). FEFEPLIRE ( Elymus
nutans ). F-HKR (Poa annua ). KE ( Deschampsia
caespitosa ). V)15 ( Kobresia setchwanensis ).
¥ KM ( Anemone rivularis ) 5%,
1.2 HFmRESLHE

HPANEFEAE 2019 4F 8 A W1k T R 3 Tl i
RN (L SE 2 . M . /N ERL )
TG HE A A K B R A Ry ok B A A e T AR
50 mx50 m, [JEEY 100 m. BASFEHN I E 3 A
1 mx1 m f/NEET, MR ChERSE) VR
) UESE B, AR N T
BRI ORI, DRk R 2
Morai e, DB YR 2R . il
SERUG, KM EAEY) ST HXE, DU R M R4
B ) o k5[] PR B o e o A RE R (4% IBURE
100 g Zcfy ) MU BEAFE W)y In S 00 % TR0 =
W BEAR R A AR ST 2 fHE (65 °C, 48 h),
RV A () 1 6 40 I3t LOABL T8 [R5 PR B K
A, R SRR 3 00T B AR A 2
TERE L FAE . A /NE DT R T TR (4
A, FEHL L ) REERIZ(0~10 em) FITR)Z (50~
60 cm) +4¢, + )22 Fontaine 55", HHR 1
JFRAE R 1R, HIBRARZE . HE A/
BRAEZ2Y) I BT KA o R RV KR M £ 3t 48
AEah R T S INBAE  E mEs v, R R 3
iz e 4), HrsER 124y (6 MEE =2 P+
JZ) FREIN 36 1 (3 FhiEMAx6 DMEE <2 D 1)E ),
FE S PRIC TR A VK&, IRl [l 5L e =
— o EAERAET 20 CUKAH P FHEH - e f A=
Y DNA, 53— &8> T T A B4 1 5050 % 3 4R
A, F T 4 ek P BT ( pH ., SOC ., 2% TN )
A HLRR AL 2% 20 53 o
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1.3 TEEAERNE

+3E pH FRREE TN, /KEHA 2.5: 1, SOC
KHITEE T (Elementar Variomax CNS Analyser,
Elementar Crop., fE[E ) M, TN RAHLCEZEN
SE o SOC b2 2H iR F (A EL AR 2T A ( Nicolet
6700, Thermo Fisher, &[] ) 4341, HAAT AT : ¥
TR 3FE S KBr OGS4 ) #2211 10 B9 Lol 7E I3
R R )G, 7F 75 KPa R, dlad i E
AR LT A GIE AR SO ] G Y Ry
400~4 000 cm ', FEFE R 4 em!, 16 ] Al
B AiE 06 FH K PEAG SOC A ] 1y B 21 4% - g I ik
(2930em ™), F5&ME (1620cm ™), £Z85 (1034cm ™)
FIEEE (3435cm ™) 2,
1.4 11 DNA RN F

FIERE SR A MO BIO 13 DNA #2BUR 7 &
( MO BIO Laboratories, Carlsbad, CA, 3E[EH ), ##
MR A 5 %) 1+ 1€ DNA EATHEHL 40T LA 16S V4~
V5 [X 515F ( 5'-GTGCCAGCMGCCGCGGTAA-3")
1 909R ( 5'-CCCCGYCAATTCMTTTRAGT-3"') N
IR, RiRRN . LUESIY SISF RUR S|4
909R 4% 1 pL, 9.5 uL JCH#7K, 1 uL DNA ¥ i PCR
PIFEFEALHS . 94 C72ME 3 min, FEJE #EAT 30 IR
HIERLFE, 94 CAEME 405,50 CIB K 605,72 C
FEAH 60 s, SERL 30 MMEMIELE 72 CHEMH 10 min,
i H TruSeq® DNA PCR-Free Sample Preparation Kit
A EERH S VAT SOFEA IR Tlumina HiSeq il
FPAXaEAT PE250 ) . {fi ] FLASh (V1.2.7, http:
//ccb.jhu.edu/software/FLASH/ ) P2 %} 43 A~ & fih 1Y
reads HEATHHE, 152 0YPHET 5 R I 60 P 2
FIH Qiime (V1.9.0, http: //qiime.org/scripts/split_
libraries_fastq.html ) V- &R BT R 19551 (Q<30)
MK EARE 300 bp MFH) 4, A AR
UCHIME $3k 08, #4521 & o & 00 0 7 45000 .
FIA Qiime AR BT FE b A 808U ( Effective
Tags ) HEATEZE (CD-HI )7 ), BRIALL 97%AH MBI
W P50 RIS N AE 2850 (oTU) B, I
Qiime X OTU ERIFHIHATY A IR, ]
Silva v132 F1 UNITE( version 8.0 )/ b &% 545 1% .
1.5 HELESEER

FF 43 pH, SOC. TN, SOC fb2#4H .
Yy Z FEPERA TR D RE R 25 PE 5041 73 2R - Shapiro-

Wilk Fll Levene’s £ 45 % 848 24 7 1E 28 7 22 55 M A
55 o A [ IE 2 EARA A A 2255 R, SR
SPSS22.0 #EATHHE T 2204 (ANOVA), K%E:FH
JE Ky ( Tukey’s HSD ) 43 Afr4ila) 22 S W 5 24
BAEA MM IES A, WERHAESEOR 56 . i 1 2
T Bray-Curtis FE &5 40 M 19 4F FE 5 2 4 N 40 B
( NMDS ) FAHIE: 4T ( Anosim ) 4B A P 7% Al
TA WAV A A8 Ak o R FH B BL AR PICRE A T 0 - S5 44
XTHEMME R 2k BT e SR A A AR
445 (KEGG ) %(#8 %, ffi ] PICRUSt (http: //
picrust.github.io/picrust/ ) Tl 7] 68 i 40 b HE 75 1% 3
FIDNBERFME . 247 /KK ( Mantel test) FH T 1T4h +
SEFAR YRR 5 A IR VR S5 R Z TR G 2R o

K H LB M 4% ( Co-occurrence network ) 434
SAMENRE R . IR RIE T RCE YRR Z 8]
BIAEER . RA R (V.3.6.1) 8/ psych fLH corr
PREL, i 7 f2 JR 2 ( spearman ) #HC /0 HT T8 OTU
] AR DG , iF— 2P0 v B 0 35 A5G/ OTU (>
0.6 H P<0.05). Fll ] Gephi0.9.2 % o A= 4 1o 45
EIFEAT A IAL, TR RTINS, £
F5F-YIE ( Average degree ), RIS R EL( Average
clustering coefficient ), ~“F-3J 2 & ( Average path
distance ) B4 Modularity ), & Z44:( Complexity )
A SRIEE ( Network connectivity ).

2 4 R

2.1 ML EH A E ST

= DAL b A ) A Vs ALY NMDS 3B 45
R 1 g, b R 5L (stress ) B0 0.023 6, %
B B, RS RIS . &M . /NG
IR b A BEE TR I T o B BBV (P<0.01),
ISR SRR EAR LR E 2R (P>
0.05 ).

HIe 1 AT, RPN B A P R 1 A A
( Shannon ) ZFEME IG5 K ( Margalef ) & &
SR TR E LR (P>0.05), =R A i
16 1.48~2.29 kg'm > Z[a], & b A 9 F
1XA7 0.26 kg-m>, H =R A=Y 2
TFH M (P<0.05),
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05k @ J3 J71H Stress = 0.0236
FEHL
Sample sites
L o /hntfL”
) R
& o L
o EIlFLL”
2151 Group P
05 ST VS FLFLL " 0.01
BFEMEY VS /N LY 0.01
SEMIVS B 001
NHRRXSILY VS ELELAY 001
/NSRS LT VS G 0.01
il R4 VS Hih® 0.07
-0.5 0.0 0.5
NMDS1
(D Caragana microphylla, @Grassland, ®Potentilla fruticosa, @Spiraea alpina.
BT ENVRE R Y eV A B i 2 4E B (NMDS ) 73
Fig. 1 Plant community composition of shrub-encroached and grass plots using non-metric multidimensional scaling analysis ( NMDS )
F1 GENMEMEMIEESHMNEYE
Table 1 Plant community diversity and biomass of shrub-encroached and grass plots
, N o 1k R
AL N AR B K Fw
Aboveground biomass/ Belowground biomass/ ( kg'm™?)
Shannon diversity Margalef richness
(kgm?) 0~10 cm 50~60 cm
KoY 2i 1.99+0.07A 2.62+0.08A 1.48+0.01B 0.71+0.21Aa 0.22+0.12Aa
NI R L 2.1540.06A 2.53+0.08A 2.09+0.19A 1.55£0.25Aa 0.44+0.16Ab
FINgELA" 2.28+0.02A 2.45+0.35A 2.29+0.08A 1.30+0.10Aa 0.39+0.12Ab
Hi 2.24+0.26A 2.424+0.33A 0.26+0.06C 1.27+0.15Aa 0.18+0.05Ab
W BERUIELARNER (n = 3) FoR, AFKR/NG F8E 535 R A R BUAE 5] — b 2 R [R) —R  SE R OR [R] 4 )2 ) 1 22

S EEM, P<0.05. T [F.Note: Values are given as mean =+ standard error( n = 3 ), Different lower- and uppercase letters indicate significant

differences between the different soil layers within the same vegetation types and different vegetation types within the same soil layer,

respectively, at the P < 0.05 level. The same as below. (DPotentilla fruticose, @ Caragana microphylla, (3Spiraea alpine, @Grassland.

22 EMLEME T IEEAER

SRE R L ERZE IR JZ SOC -3 & 4t 43l
1 58.04~66.95 g-kg ' Fl1 50.10~55.76 g-kg ' Z[H],
TN & H7E 4.92~6.15 gkg ' F13.96~5.05 gkg ' 2
) (3% 2). =FEMNTIERIRZ SOC FI TN &ty
HEWICHEEZES (P>0.05), 1172 al%, 7e
MR )R | )2 3 SOC 4 IS &k &
(BR/N 3G LR 2 384 ),

23 EMUEMAEFEREZIMEF

A 1 A L AR IR S B 4 R - SN A A X A
R (1 2) G5 R W, BRAFIRIT1( P<0.01,
l4n OTU1826. OTU129 A1 OTU903 ) FIATEH] (P
<0.05, filin OTU664 FIl OTU48889 ) J&:3%/2 H1EHE M
PR S BT N -, TRIE e R T(0TU224 ) |
FRFTE I OTU41 Al OTU239 JFIFIRFT T 1( OTU367 )
SETE M) B E T T (P<0.01)
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Table 2 Soil properties in top- and subsoils of shrub-encroached and grass plots
i Wi % PR Z b L
+)= Nole TN/
pH C/N Aliphatic/ Aromatic/ Polysaccharides/ Alcohol/
Soil depth (gkg!) (gkg")
% % % %
5.15+ 66.95+ 4.92+ 13.62+ 11.48+ 44.14+ 24.76+ 19.62+
EFM 0~10cm
0.07Ba 1.98Aa 0.21Aa 0.82Aa 4.69Aa 12.29Aa 13.58Aa 6.12Aa
Potentilla
5.26+ 54.56+ 3.96+ 14.19+ 4.95+ 56.83+ 14.40+ 23.82+
fruticosa 50~60 cm
0.04Ba 0.79Aa 0.46Ab 0.71Aa 2.24Ba 2.41Aa 3.71Ba 3.83Aa
5.38+ 66.77+ 6.15+ 10.72+ 22.36+ 53.01+ 11.62+ 13.02+
/NI JL 0~10 em
0.09ABa 2.52Aa 0.63Aa 0.58Ba 12.63Aa 4.89Aa 2.60Ab 7.25Aa
Caragana
5.58+ 50.10+ 4.78+ 10.66+ 20.36+ 2425+ 36.84+ 18.54+
microphylla 50~ 60 cm
0.09Aa 2.647Aa 0.88Aa 0.62Ba 4.28ABa 1.12Ab 2.12Aa 1.05ABa
5.40+ 58.04+ 5.64+ 10.34+ 13.80+ 53.26+ 16.81+ 16.13+
FIIZZA 0~10 cm
0.03Aa 0.85Aa 0.19Aa 0.18Ba 6.53Aa 1.19Aa 0.42Aa 6.30Aa
Spiraea
5.43+ 55.76+ 5.05+ 11.03+ 11.85+ 53.89+ 16.47+ 17.80+
alpina  50~60 cm
0.08ABa 0.65Aa 0.11Ab 0.16Ba 4.98ABa 1.82Aa 0.67Ba 4.60ABa
5.15+ 57.03+ 4.92+ 11.52+ 19.20+ 50.47+ 15.96+ 14.37+
0~10 cm
HHl 0.05Bb 1.21Aa 0.41Aa 0.12ABa 5.96Aa 1.41Aa 1.61Aa 8.42Aa
Grassland 5.43+ 39.08+ 3.52+ 11.31+ 20.43+ 53.74+ 12.89+ 10.43+
50~60 cm
0.10ABa 3.82Ab 1.28Aa 0.50ABa 4.56Aa 2.18Aa 3.63Ba 1.96Ba

. SOC, AHLEK; TN, ©4%; C/N, BRAEL; g5RLHHERMER (n=6) F/R. T, Note: SOC for soil organic carbon,

TN for total nitrogen, C/N for carbon nitrogen ratio.Values are given as mean = standard error (#=6) . The same as below.

R N R R b+ RN B ARk A A 3
JIt7s, a8 R B (stress ) {4 0.0485, stress < 0.05,
WENWLF, rREERAE . #E—2D @t A 5 A
( Anosim ) Z3 B AN [R1FF Hb (5] 240 P A v 2R W, =
T N - 9 T2 N T 2 200 T R i 8 e e A T
w2 RE (P<0.05),

i 5 KEGG il FE A7 T HE15 2] 4 A9
R B (I’ 4), 2350 g 4 il i 72 ( Cellular
processes ) . * Hi {5 B 4t 3 ( Environmental
information processing ). 1Gifif ( Metabolism ) Flitf%
5 B AP ( Genetic information processing ), H:H 4
WA DD REAR XS F B e, P35 1 52.65%, /)
MERXG LA IS AR )Z L R)Z b g A
DIRE 3 & TR (P<0.05), &M UIER)Z T3
T m TR (P<0.05) (1 4),

KSR ( Mantel test ) 3P4 7 A FI L Hy

- SR B RV 4 S SRR AL RO Bl RRAE A 06
R, 455 (B 5) R, ENRZ HIEAEREA
Wz B Y REE 45#) (R =030, P=0.001) FIAEH;
% (R=0.47, P=0.01) 2 Li B E5E0; pH (R=
0.38, P=0.001), £¥ (R=0.41, P=0.001), F5
FiE (R=0.46, P=0.001), g% (R=0.47, P=
0.001), Hs FA¥& (R =020, P=0.02) FffEY
BEVESEH (R =037, P=0.001) 53 MIRE 1540
PR V% A 1) 28 A S A O
2.4 EEMLE M A SR RO 2L I N 48 4F1E

FH 20 A 28 A D S BT, R A T SRR
R TR, 150 I VR A b HLAT T RRIABE 1Y
P2, — RPN E MG 2 | R s A 34 LA IE A
HAEH R E (£ 3). W& LR SR M 4%
Fatk, DIV 4R A AR SN AE RIS LT, SR
26 rh B ARIEE FE T R, AR X E R/
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- OTU224 7 »

Tuoet OTU367 ** ] WakT#1 7 Acidobacteria

OTU498 W/////////////////ﬁ * 7 T2 #17] Actinobacteria
0TU4888 RN\ * oTu239 %//% * 25K #i17] Proteobacteria

@ [ ] BeIRFTFET] Rokubacteria
OTU652 U ’
OTU146 * [] ZFeAMME ] Gemmatimonadetes

otv22877% [ 441 Chloroflexi
otuse [T oTu21
otus ] oTU149]
otu44s3 N

7 OTUI168
OTU149
0 3 6 9 12 0 5 10 15 20
75 2T 43 L B 2ER T Ay 1
Percentage of increase mean square error/% Percentage of increase mean square error/%

. OTUI826. OTUI29, OTU903, OTU498, OTU149, OTU41 Ml OTU239 JERAFHE I T; OTU664. OTU48889 FI OTU4453
JBASE I T; OTU652, OTU49, OTU99., OTU224 Hl OTU21 JEHLTI]; OTU367 JEERIRATTET; OTUL46 J&2F B MK ]; OTU168
JRERA AT 5 435 R AE P<0.05 A1 P<0.01 7KF- [ F i3 25 5% . Note: OTU1826, OTU129, OTU903, OTU498, OTU149, OTU41
and OTU239 for Acidobacteria; OTU664, OTU48889 and OTU4453 for Actinobacteria; OTU652, OTU49, OTU99, OTU224 and OTU21
for Proteobacteria; OTU367 for Rokubacteria; OTU146 for Gemmatimonadetes; OTU168 for Chloroflexi. * and ** indicate statistical
significance at P < 0.05 and P<0.01 levels.

B2 BT BENLARMAL R A 0 e HE AL 3 P AR R A 20 5T (OTU ) AYARXS H 20k

Fig. 2 Importance of soil bacterial community under shrub encroachment from random forest analysis
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Fig. 3 Soil bacterial community composition of shrub-encroached and grass plots using non-metric multidimensional scaling analysis ( NMDS )
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