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Effects of Shrub Encroachment on Soil Organic Carbon Components in
Qinghai-Xizang Alpine Grassland

ZHANG Dong, LIU Jingiu, MA Wenming’, WANG Changting, DENGZENG Zhuoma, ZHANG Ting
(Institute of Qinghai-Tibetan Plateau, Southwest Minzu University, Chengdu 610041, China)

Abstract:  Objective Changes in the dominant vegetation community will inevitably affect soil organic carbon (SOC) by

altering the quantity of litter and root exudates during shrub encroachment. Thus, this study aimed to explore the response of
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different active organic carbon fractions in alpine grassland soils to invasion by different shrub species. Method
Physicochemical fractionation method was used to divide soil organic carbon into non-protected carbon, physically-protected
carbon, chemically-protected carbon and biochemically-protected carbon. It was analysed the contents of various organic carbon
fractions and factors influencing their contents among four typical shrub-grassland and unshrub-encroached grassland on the east
edge of Qinghai-Xizang Plateau. Result The results showed that (1) Shrub encroachment has no significant effect on the SOC
content of the surface soil (0—10 c¢m) in alpine grassland (P>0.05), but the content of organic carbon components was different.
After Spiraea alpina and Sibiraea angustata shrubs encroached the grassland, the non-protected organic carbon and
biochemically-protected organic carbon contents were significantly decreased (P<0.05) while the non-protected organic carbon
content significantly decreased when Potentilla fruitcosa encroached the grassland. Also, the contents of physically-protected and
chemically-protected organic carbon decreased significantly in Caragana microphylla encroached grassland (P<0.05), while the
biochemically-protected organic carbon increased significantly (P<0.05). (2) SOC in both grassland and shrub patches soil were
dominated by non-protected carbon pool, followed by resistant carbon pool (chemically-protected organic carbon and
biochemically-protected organic carbon), while physically-protected organic carbon pool accounted for the least. (3) The contents
of soil clay and total nitrogen were the main factors affecting the organic carbon fractions in alpine shrub-encroached grassland,
with an explanation degree of 51.2%.  Conclusion The invasion of different shrub species had inconsistent effects on the
content of different reactive organic carbon fractions. The soils of both unshrub grassland and shrub sample sites on the Tibetan
Plateau were dominated by non-protected carbon. Thus, in the presence of external disturbances, the organic carbon pool in the
area may become a source of carbon.

Key words: Qinghai-Tibetan Plateau; Alpine grassland; Shrub encroachment; Soil organic carbon fraction; Stewart physico-

chemical fractionation

X B 3 ] S IR TSR 5 T 4 BRARATE 241
SRR SCHEIA T . BUN SRR L & 5 &
(IPCC ) $2 338 m £ 5845 #LA% ( Soil Organic Carbon,
SOC ) Ay [ 7 Ko AR R 1 2 H T o8 9 ik 28 Ak 0y 28 O
AT AR A0 ik A PR
T 5%~15%, K COy WeEEHG AL 16%~30%),
T e B AR Ry A 2P 3R S AR A S B XORITR S IX
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JEEIF TS A B, FEARAR AR iR A R R )2
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A 1 HE ARG B A B LR S R . AR
M, FHL SOC & &t iy Sl m, XA EL
NEIR A, N8 SN MR S - AT BB A 1Y AR A
T AN [ 355 P A ML 4 43 %o B35 1 38 1 i [0 B g PR
L, R R EN IR & AR T SOC i,
TR A LA (IR Pk DOC. 5
AMA YLK EOC., M4 YA YLk MBC) Xt
e FERLH VDA e W SO RURR, ik JRH,
AN 7] SR U5 A= P A e M 1 Rl 4 3 %o A 45 3 ) i)
Tt A [

SOC 7475 ik EEAFEY L | feesik . Y
FURER A D, b, Stewart SR Y 4 2
B E T HITELR G HIE T Z A HLIREEDLH
W IEABLER S A E RS A LK (Nonprotected organic
carbon, Non-C ). PR A HlL#k ( Physically-
protected organic carbon, Phy-C ). fb2#ffir A HL
fif¢ ( Chemically-protected organic carbon, Che-C ) Fll
WAL 2 AR 9 S A Pk ( Biochemically-protected
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T M B A B . R A B Ry gE e,
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—— A% River
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O

B 1
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ARFNREARME YRR, 5 HEVR I B 5 B 24935 70%,
HAPHEARM) 7 W5 2 50%, B JZ Y M)
D, AR BEY 30%. TE DMK E A w4
&M ( Potentilla fruticosa ). 11554845 ( Spiraea
alpina ). ZEMEEYAE ( Sibiraea angustata ) FlI/NF
3% )L ( Caragana microphylla ), A<V AL F i AE
B F UL AKE ( Deschampsia caespitosa ), FEFEP
W5 ( Elymus nutans ) S RARBHFIIS HRHEY) A £ .
1.2 HRRE

PANIORE TAET 2019 4F 8 H b AT, il ik LA %
SRR AG B LA K S b 8 i A BH 1 DG I 1l DX A1) 43
ARDL , BEREIZ X IR A =1 S5 2k 2 . 78 i B A
SRR /IR X L DA R — HOR A
YERXERE S AR EAH ST FE M B AR — Bk, Bk A&
FEHD T30 | s ARRIE AR AL . A2 P Bl AN A R
AR APEIR A 32 IR

HEMMEFE R B R 1 (b) HE17. REHRFEEE
Wi “Z7 FREZEEE 6 N 1mx1m WS, H
Y JICAERE T I AR A Y, RS O
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Fig. 1 Location of the study area ( a) and diagram of plots design (b )
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K. B —Dea s, —mHT+
BERARPE BT E , 7 —frad 2 mm G, T L
AP o FEMIEAME AL AN 1 FoR .
1.3 TEEAERENE

T3 pH HIRREETHIE (KEHH 25:1),
SOC. &A (TN) RHMITCHK /3 Hril ( Elementar
Variomax CNS Analyser, Elementar Crop., f&[E )
A, N BRI HHOCRLEE 73 HriY ( Mastersizer
2000, Malvern Crop., H<[E ) Wi, 4385 thabk:
(2 mm~0.05 mm ). #*: (0.05 mm~0.002 mm ) Fll
Bk (<0.002 mm) =R,
1.4 TEFNHBSERITERZE

KH Stewart P H-fb2FBC G4 i, TR
BERTI, Stewart 251 %07 ok - HEA LK 5 R i
BT HLAR (RO IPRLUBUR A ALK cPOC ., AR
AR HLBR TPOC ) W BRIP4 Bl iPOC ),

2RI G PR (KRR 2SR kL H-dsilt, 7K fif
PRI B ERL H-delay, 7K fifPE ] & #kL H-usilt ., 7K fif
PEI & FRL H-uclay ) FAE YL 2E RS A BLaK (K
fiff 1 P41 B MR NH-dsilt . 7K 74 P & 8y b NH-dclay,
FE K R PE U B M RL NH-usilt . =JF 7K A M 3 B 2ok
NH-uclay ), HAREFEILE 2.

AN AT AIURBRT AT HLBR ) BT BRI 03 5 1k

Cy=C; + Cyx Ky x 100% (1)

KA, Cy A5 AL oA LB AT - 39 A LB Y BTk
K, %; C) NIZHAVIRIKE, gkg'; Coh 1
BAVBRS R, kg Ky MIZH B E S5, %.

K= M, + Myx 100% (2)
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D;m\}ﬁi >, Zo

A, MO TR, g Mo A AR B ERE
¥
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F1 PREXEXER
Table 1 General information of the study area
Y%L TG I
FEHIE Y HEZd FEFAEY)
Species Shrub Important
Plot type Altitude/m Dominant herb species
number/ coverage/% value
EIE T 3 485 33 68 38.6 BRI ( Agrostis clavata ), #2% ( Carex ).,
Spiraea alpina TR ( Elymus nutans ).
—Apg &2 ( Arisaema erubescens )
G EEM 3485 16 57 50.3 TR ( Elymus nutans ). K
Potentilla fruticosa ( Deschampsia cespitosa ), €45 ( Halenia
corniculata ), ¥ ( Kobresia humilis )
JNIEER RS L 3485 15 63 50.1 2 ( Oxytropis yunnanensis ).
Caragana microphylla 1E4 ( Halenia corniculata ).
#8 (Artemisia frigida ).
Y KM ( Anemone rivularis )
R 3485 13 R (Carex ), FMHAREAL (Anemone

Unshrub grassland

coelestina var. linearis ). B H ( Agrostis

clavata ). ¥ Z=0i3% ( Potentilla anserina )

e FPRERRS A BRI EYIE (n=6), FEFARMYNIIA4 M HES BT 4 AUMEY) . Note: The values in the table

represent the mean of each site-specific data (7 =6 ) and only the top 4 plants of each site are listed as major herbaceous plants.

http://pedologica.issas.ac.cn



1814 + e 2 Eibd 60 &
332 mmifi ++E
(>250 pm) (53~2 pm) WK A / (H-dsilt, H-dclay)
Aoy [
v (<2 pm) (NH-dsilt, NH-dclay)
A R uagg
(250~53 pm)
BEEETRE (Nal)| R Ak
RAFAPRIRATHLERPOC | 5| AE R Rsilt TR AR P 25 B b
(p<1.80 grem™) (53~2 pm) T K it / (H-usilt, H-ucray)
P& Biku-clay J \ A i R
(<2 pm) (NH-usilt, NH-uclay)
A

PRHATER AP RLAT FLAK PoC

K2 AP BE- BRG]

Fig. 2 Flow chart of soil organic carbon physicochemical fractionation
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( P<0.05 ). VE KR H £ 48 pH 3575 F AR HE AL B,
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KR | 7 A A TE AR b R AR S [F] G (. 3 22
5 (P>0.05).

22 BEEMEMTERREEENHRSER
HEEtZE
A HE AL T FIE MR B SOC &% 12 T I 35 2%
(P>0.05) (Kl 4), Tl miligEksy. 7 mfif
\ AR LA SN RS JLTE DARE H + 38T 34 SOC
MR 77.32, 64.72, 64.02, 76.26 F178.84 gkg '
R THE A B b R MR b S ) 3 M B
F RN Non-C & i die i, b 265.8~371.0 gkg ',
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5 1 A AR 1 £ 7E A T DA A R b R R DA i ) 3%
Uy e LB L5 . 7 W LR G % AT ORE DA b - 43¢
Non-C & it i E K T 5 RN EF M (P<0.05), 43
BITFRET 27.4%., 23.7%F1 12.2%; Phy-C 7E AR HEM
A 1l NV DA i ) 8 3Ry /N 0 L A 3
R F T AR EAME R (P<0.05), FEAET 53.1%:;
Che-C 5 78 A THE ML 5 3t ANV MARE i [7] 2 80 /)N
P A ) LI ARt S 2 (I TRV ME B ( P<0.05 ),
FEAR T 18.9%; Bio-C % 2t 78 AE M\ T 5 Hby AT E AR
i 7] 280y v L 5 2 2 R s - i B DA M () 35 IR
FARMEMALE L ( P<0.05), 23 BIEAR T 21.3%F0
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*: RR/NGERRF AR R 22 B3 (P<0.05), RHEER I TFIE £ FrifE22 (#=6 ), Note: Lower case letters indicate

significant differences ( P<0.05) between sample plot for the same fraction. Data in the table are means =+ standard deviation ( n=6) .
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Fig. 3 Physiochemical properties of the soils under shrub encroachment and unshrub encroachment grassland
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(n=6) .

B4 RPEMMERTHANFE L+ A LR 5

Fig.4 The content of SOC under shrub encroachment and unshrub encroachment grassland

x2 REMEHFEMFRTIEARESHENRER S

Table 2 The content of different active organic carbon pools in shrub encroachment and unshrub encroachment grassland soil/ (g-kg™)

A PR 5> FR VNS LA 78 -6 LA G EE ANGE PN
SOC fraction Unshrub grassland Spiraea alpina Sibiraea angustata  Potentilla fruticosa Caragana microphylla
Non-C 366.10+20.40a 265.84+34.30c 279.31+9.90¢ 321.27+23.16b 370.95+56.38a
Phy-C 91.04+12.45a 79.69+5.82a 77.99+12.70a 95.74+11.75a 42.67+37.98b
Che-C 82.20+8.36a 81.97+8.02a 85.92+6.09a 78.65+12.12a 66.71+12.13b
Bio-C 197.81+30.02b 155.74+13.45¢ 126.70+20.40d 182.72+28.85bc  305.86+41.35a

TE: Non-C, WESIHMEANLER; Phy-C, ¥IEEY AR ; Che-C, LZEMIENIE; Bio-C, LW ILFEHEIEIE. RITAR/N
B AR R —E HUBR AL 73 A 5] BE Hb 0] 22 57 18 35 ( P<0.05 ) R HHE N P + #RiE2E(n=6 ), T [A] . Note: Non-C, free active organic

carbon; Phy-C, physically protected organic carbon; Che-C, chemically protected organic carbon; Bio-C, biochemically protected organic

carbon. Different lower case letters indicate significant differences ( P<0.05) between different sample plot for the same organic carbon

fraction. Data in the table are means + standard deviation ( #=6 ) . The same as below.

23 SEEMEMTEFIHRAS>TN

DA [R) 36 P A AL 2 et Sy i 1 A% o, 4= 834k
Rl Ha0n il AL &, 6 AR TE DAL BT b R0 E DAL 1
THERZE (0~10 cm) AFETEPEA VLK S & #H1TI0
AorHT CE 6). 5 —HIBeus i B L 1A Hla o &
AT SF RN 39.8%, M Phy-C fil Che-C % &3
BN R RO AR Bk S e A R

AL > F AR Y 23.2%, 5% Non-C FlI
Bio-C &8 1R &R FE & TN Fabki . W%l TN, pH.,
AR R DL B AR X AN [
TP 1 A HLAk & 7 S L BB U B 63% (F=8.1,
P=0.002 ). FErFhRL o i ml AR A WL AL 2
AR F 35% (F=15.1, P=0.002), TN & A fig ke
A LR L 5 8 AE 51 16.2%( F=9, P=0.002 ).
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Sor O RHEME#HE Unshrub grassland a i a

L 3 mLSELR A Spiraea alpina

B = fEAE Sibiraea angustata
40 WM 4:EEHF Potentilla fruticosa
| NERRY L Caragana microphylla

{/fk*R Contribution rates/%

7Y

aa aaa

Bio-C Che-C Phy-C Non-¢
FIEAHURAL /> SOC fractions

TE: ARG AR R — A HUBRZE 53 76 A ) R 3 1) 22 7
R#F (P<0.05). KHEHAFIME + 52z (n=6). Note:
Different lower case letters indicate significant differences ( P<0.05)

between sample plot for the same organic carbon fraction. Data in
the table are means + standard deviation ( n=6) .

Pl 5 T DA Bl AN )35 A A AL 2 T S BILRR Y BT
Fig. 5 Rate of various SOC fractions to total organic carbon in
alpine shrub encroachment grassland

(=)
= | o KJEMLEHL Unshrubgrassland >
o 1LZ544 Spiraea alpina

+ ZEWHERAY Sibiraea angustata

+ @M Potentilla fruticosa

> /NHERRS )L Caragana microphylla

RDA2 (23.18%)

-1.0 RDA1 (39.79%) 1.0

E: SOC, HHAMNLM; TN, HHE4%A; BD, HERE;
Moi, LIEE/KEE; Sa, LRk Si, LEwk; Cl, 1IEZ
#i . Note: SOC, soil total organic carbon; TN, soil total nitrogen;
BD, soil bulk density; Moi, soil water content; Sa, soil sand

content; Si, soil silt content; Cl, soil clay content.
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Fig. 6 Redundancy analysis ( RDA ) between SOC fractions and
physio-chemical properties of alpine shrub-encroached grassland
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