HESIREE 2R 2019, 28(4): 732-740
Ecology and Environmental Sciences

http://www.jeesci.com
E-mail: editor@jeesci.com

e R & REENEREMEHE R EEImE

BB, AN, MR, HEd, KEM, FUR, 2#,
W, EOR', M#EE, e

1. P EREERE RIS AT, i PET 8100015 2. FREFBIEEKE, it 100039

WE: N T EE (Potentilla fruticosa ) TENFERAEYIREE X BB AN, PAZS ARG, T 2018 4F 8 J
H R TG e DS L e 3 S U AE | B | BRI B 4 AN (R B B 1) 4 R ARRE AR ), XA A TS
PIRG4S e AL f) A= A5 D REIR Al R v AR e e M 3B 00 BOTRZSAFAE . Z52R 0T, (1) BEEIRMLREREAY Y, #b 1A=
)t M A e A ) R RN R A, LR A AR A | E ) o (387.73+25.53) gm > IR B R AR AR M
(328.55+36.23) g'm 2 B35 T H AR AL REHB(210435.04) g-m 2 FIHR IR ALAEHI(182.19+49.99) gm 2 ( P<0.05), HUHCHCUE T4
PIREIE S5 M, ARERVSRHL [ AE Y REB RN, AR ARG I, (2) SH A RARL, B A R A A
(48 46.01+747.10) g'm > FI B ILAEHI(4 723.99+505.64) grm 2 Hb T AR S A7 & B8 T3 B AL REHL(2 590.75+276.45)
gm > R IR ALAE (1 011.84+163.46) g'm > (P<0.05), FLBEFERILAREE RGN, 22 1Lk SRRA PRk
M NARRAY R T RZ R R, (3) BB RN, BEEYF 1 BB TR, HIS A SR e AR BE R AL
FEHLI RN E B R T R AL B AR AL A b ( P<0.05 ). UEAL, BEIEYIFD 5 B S M A i i 1 2 TEAE DG (P<0.05 ),
WIERY, WA S BUERREE 2R, MR R R R TR, A RECREEAT fR A AR R B, L2 0
DR . WFFEEE RN 4 1R 46 A A e B TSRO PR B4R 2

KR GEAMEENGA BRI BRRS; MR SRR

DOI: 10.16258/j.cnki.1674-5906.2019.04.012
FESES: Q948; X17 MEFRERD: A XEHS: 1674-5906 (2019 ) 04-0732-09

SI A WA, FME, NS, HUA DD, skkth, ARLURE, 25, plom, R, IR, EFHE, 2019 T5E0S IR A EEATE
B AR A RIS RHR AL (MR L[], A2 S IRBE 4R, 28(4): 732-740.

DAI Licong, GUO Xiaowei, KE Xun, DU Yangong, ZHANG Fawei, LI Yikang, LI Qian, LIN Li, CAO Guangmin, PENG Cuoji,
SHU Kai, 2019. The response of Potentilla fruticosa communities to degradation succession in Qinghai-Tibet Plateau [J]. Ecology

and Environmental Sciences, 28(4): 732-740.

4753 (Potentilla fruticosa ) #EMEAa)J& T 8k
AR FEREMAE S RGN EEA N —, AR
ik 102469 km® (BIFESE, 2009), {ORFH L
¥ ( Kobresia pygmaea ) W), Hr7m X8 3
BAE 3200—4 500 m 1Y LLIHIEAE . 2 B3 A b AR e
I, SEEMmENTR TS A R A U
i, BT AR MR R EEERDRIR (RIS,
2009 ), [FJI, 4 5 AREE A\ 4] 30 AT — & 1 7K I
WFRIIRE ( FJR LA, 1991 ), X7 50 R 7K #i
Sy S A S R BT RE I A Fr A 1A HE R E L (I3
EISAE, 2010 ),

WAk, BEE N RRING, h TR AR
K, BHOWE L R, T2 B N R ) kA ™
iRk, FERIEE . WU, SR

RS , RSB ) 22 R R A M- A AR
kR (JEHES, 2009), [RIET, AHBE T
T RIS KRB A K, TERCEPENEIR, 2L
FEREIE A 7= T RRAR . S R G IR S # & ATk
7, RASEESRGRENE TR, EAYEEER
AR (3RIEAEEE, 2014), Rk, MISEAFTEEEXT
e FE R IR T KRS, B AEIK R IR B A T
FRel & RS gY (RS, 2007; HELIRAE,
2018 ), WNAKREEEE (2016 ) 381 A28 A [H) 38 AR 25
T R RO A B, R i T AR i R
FIRABHEYI K, SIS SR A )
AR, R T m g R R AR 0 Y e Ty b
HE, HYEA RIS REREXT R B A ARTR, HilE
T ORI RS H it . A BFST R, 38 BT

EETH: EEARRERESTE (417307525 31700395; 3177053; 31400483 ); M/ NABMGESIG SR H (2019-SF-152)
EB®: WA (1993 4£), I3, WiLWisAE, FEMNFEHIKE AN, E-mail: 18270821151@163.com

Wi BEHEA: 2019-01-07



BRIGAR - T MR D B ARRE DA A AL PRV T IR A T A W 733

VIMESEREIE D Fh Z20E, o B U S S TS 45
P RAMAE, YRl Z RN, B RS A
AP, R A P IIRRAIR (2R AR, 1999;
HARAE, 2004; RKIEHAE, 2014), PRk, 4
e BRI OS] TR XA P RS A S ) (TR
4, 1998 ), R EXHR R MY T RS,
FRS—E s, (HARNE, DEMRZETT
= FE AR AL WE 5T, T X & #E M8 ( Potentilla
firuticosa ) HENF A FEPIRE IS BRI R B N E =,
TG F IR 8h T 4 8 g AR AL i e S AR &R
e 0 A7 B A LR

FET U, AL EACHTH B, WA
RS (R4, R, BB, R
B1b) &M AR FEEEASRE, LU 78
e AR Y 4 B E ) PR S IG B . T RFLA
FHEAE SR PR AR
1 RIE X

WF5E X A5r T E R Bl S R AR S R
GuE it T AedE X, B Ol 37°39'56”
—37°40'26"N, 101°20'39—101°21"27"E, HuIE 4R
S ITB Rty L/ NE gray: iy 0o P =) N i 2

SfEigm, ZX T BUEZ S, —F LA RERMN
Zr, AFIEL T, AEBIEZW., FHEN
-1.7 °C, 7 ARE#HAL, FHREHR 9.8 C, 1
AR A, FSRIEA-14.8 Ty 4EREK N
580 mm Acfy, HEZEEPTERKE(5—9H), 4
AR 80% () [RAF, 2007 ). MRHEILIEEEEK
4R 4 PRI B, 4 EE A R B >90% kR A THE
DA CJEAE S ERE N ), SRR 70% —90%
FEIRAE (ANE)HHE ), 20%—70% M EFIRAL ( F
BALFEHD ), <20% Mk IR AL (R RE IR LA HE ) (5K
BAAE, 2014), BARFEHIEBUILE 10 0 T HEBRSS
()22 525 A . AERA L R H2E 5, kb
Z IR A R A AR ES /N T 30 km, Hoh A 4 R4
HEON, VNS RRARIRE, TEAFIf SR i
( Elymus nutans ). HHFZR (Poaprsten ), ¥
¥ ( Kobresia humilis ). HFHZEB%E ( Potentilla
nivea ). K22 ( Polygonum vivipsrum ) F[E M £
( Ranunculus indivisus ) %, "R, SR
W BEIRAE LA RAAG Y o = o 1 X3 43820y v
HENEf L, B ZBENS, ARIERERETZ,
HHURFEDECN 9%—13% (BEEES, 2009; #

Bl AEREEZEEELETAHMT
Fig. 1 Different degradation stage of Potentilla fruticosa shrub meadow

(a) JFA&ZMHEMN No degradation plot; (b) FFEHE{L & ZEMHEMN Moderate degradation plot; (¢ ) HEFIR L4 FEMIEMN Heavy degradation plot;

(d) SR AFEMHEL Extreme degradation plot
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Fig. 2 Change characteristics of aboveground biomass and
belowground biomass under different degradation states of Potentilla
fruticosa shrub meadow
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febell, ED FURBEIEHRL, RIFEFORME 005 AFIRFIR%
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CK represent no degradation plot, MD represent moderately degraded
plot, HD represent heavy degradation plot, ED represent extreme
degradation plot. Different letters indicate a significant difference at the

level of 0.05, the same below

BALAEHE(328.55+36.23) gm “ M AR B EE T
R AL RE HE(210435.04) gom 2 FIRR 1B AL RE b
(182.19+49.99) g'm > ( P<0.05 ); J5iA= 4 GG E AKE
M (4 846.01+747.10) gm > F b JiF 1B 1k #E H
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Table 1 Comparisons of soil characteristics under different degradation states of Potentilla fruticosa shrub meadow
. - iB1LBYBE Degradation stage
LA L RRE — ‘ ‘ ‘
. i ) JRAETEN PR HEIRA IR
Soil nutrient Soil depth/cm
No degradation Moderate degradation Heavy degradation Extreme degradation
N, 0-10 64.39+3.04c 61.93+6.98¢ 237.18+5.25a 155.23+6.29b
TIEAPLT
10-20 59.35+2.62b 60.90+5.69b 195.35+3.45a 159.34+4.54a
Soil organic matter/
(ke 20-30 58.31+2.78b 28.39+5.30c 127.15+2.65a 68.71+£5.55b
gke 30-40 32.685+£3.31b 28.75+4.29b 71.40+3.65a 61.22+4.66a
. 0-10 5.28+0.42¢ 5.06+0.35¢ 9.48+0.45a 6.47+0.21b
LR
10-20 4.94+0.29b 4.38+0.18¢ 3.49+0.36¢ 5.77+0.46a
Soil total nitrogen/
(ek 71) 20-30 4.53+0.24a 2.214+0.35b 4.83+0.42a 3.78+0.07b
gke 30-40 3.15+£0.27a 2.354+0.65b 3.43+0.39a 3.15+0.34a
N 0-10 54.48+3.18¢c 59.48+4.17¢ 110.07+3.26a 71.69+2.94b
e S
10-20 49.88+1.56a 52.86+1.05a 41.81+1.35a 64.83+4.13a
Soil total carbon/
(ke 20-30 45.53£1.65b 37.58+1.41b 56.28+1.54a 43.63+0.99b
gke 30-40 30.92+3.11a 38.06+3.86a 41.69+3.56a 36.28+4.24a

SEEEAARELR, n=3; AT ERRIRHEHLIAITE 0.05 K b i 2E Sk B R F K
Mean+SE, n=3; Different letters indicate that the difference among plots is significant at the level of 0.05



SRR T VR e I e M DA R ) AL R X A8 AT P e L 735
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P=0.04) (K 7).
4 Fig
41 AERURETH EEMENMBTEMEN
FESREIE

TR RS () R YRIE, TR, WA
B APk S, I B RS SO i R A
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Fig.3 Change characteristics of aboveground biomass of different plant functional groups under different degradation states

of Potentilla fruticosa shrub meadow
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JR T RE S ISR R AR AL A O (KR
45 1994; Schenk etal., 2002 ), HTHEZEMMEE,
i EF A ARER R ECE Y, e A e
/N 1B 10 77 SN 1 K B L N1 o g £



738

RS 28 B 4 (201944 A)
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AL g, ISR =, BUEHXN SR
RSN BURE, WA U B B, RS RIR
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et al., 2005), XTEAWFFHWATENIESS, HIFEH
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R A AR AR T 45 R 5 0 R R 45 R A—
HWEZENRZ —, I TYFFEEESA™ IR
A TS R, ANEREEVE R N [ — B g 3%
PRI REAN ], YRRV, UM EEESE
PPN RRZ RN FIERS, BEE RERRN, &
BRI IEZ MR (Chase etal., 2002 ), A
20 38 o AN ] RUBE S [l i — 2 B R %o 4 e

FRESE LR,
5 4it

Wt 5 < R DA e ) AR AR B2 Py ), Ft 1
AW R AR Y B AR R R
RS, HIEARE A BB 3 A=)
R AR B A RN e R R T
IBAL AR SR RE . 53 51, BEE IR AL AR E A e
Mo AR ALY T R R IR, AR
REGFRTr o [FRE, FEFEIBACRR B RIIR], AP
GERE U RASRE R R Rk L A= Wy i i
W, Mz A g Lot AR,
E NI G ST AN S AN S
AE 3 FIAR 2R 3 B A RRAIE , 107 ELIG 5 EAE B &
A ANk, BV AR E AR TR AL D 2 2
M R A RR M. N, RS R A
SO JSE T T AR B M A 7 R R AR R R R

X

B3k -

CHASE J M, LEIBOLD M A, 2002. Spatial scale dictates the
productivity-biodiversity relationship [J]. Nature, 416(6879): 427-430.

DAI L C, GUO X W, ZHANG F W, et al.,, 2019. Seasonal dynamics and
controls of deep soil water infiltration in the seasonally-frozen region
of the Qinghai-Tibet plateau [J]. Journal of Hydrology, 571: 740-748.

FACELLI J M, 2010. The functional consequences of biodiversity.
empirical progress and theoretical extensions [J]. Austral Ecology,
28(6): 684-685.

GRACE J B, ANDERSON T M, SMITH M D, et al., 2007. Does species
diversity limit productivity in natural grassland communities? [J].
Ecology Letters, 10(8): 680-689.

GALE M, GRIGAL D, 1987. Vertical root distributions of northern tree
species in relation to successional status [J]. Canadian Journal of Forest
Research 17(8): 829-834.

HOOPER D U, CHAPIN F S, EWEL ] J, et al., 2005. Effects of biodiversity
on ecosystem functioning: a consensus of current knowledge [J].
Ecological monographs 75(1): 3-35.

RAPSON G L, THOMPSON K, HODGSON J G, 1997. The humped
relationship between species richness and biomass-testing its
sensitivity to samplmmbnhe quadrat size [J]. Journal of Ecology
(Oxford) (United Kingdom), 85(1): 99-100.

SCHENK H J, JACKSON R B, 2002. The Global Biogeography of Roots
[J]. Ecological Monographs, 72(3): 311-328.



BRIGAR - T MR D B ARRE DA A AL PRV T IR A T A W

739

STUMPP M, WESCHE K, RETZER V, et al., 2005. Impact of grazing
livestock and distance from water source on soil fertility in southern
Mongolia [J]. Mountain Research and Development, 25(3): 244-251.

SYMSTAD A J, CHAPIN F S, WALL D H, et al., 2003. Long-term and
large-scale perspectives on the relationship between biodiversity and
ecosystem functioning [J]. Bioscience, 53(1): 89-98.

TILMAN D, REICH P B, KNOPS J, et al., 2001. Diversity and productivity
in a long-term grassland experiment [J]. Science, 294(5543): 843-845.

THOMPSON K, ASKEW A P, GRIME J P, et al.,, 2005. Biodiversity,
ecosystem function and plant traits in mature and immature plant
communities [J]. Functional Ecology, 19(2): 355-358.

WRIGHT G S D, 2006. The Influence of Productivity on the Species
Richness of Plants: A Critical Assessment [J]. Ecology, 87(5):
1234-1243.

WANG G M, WANG Z H, ZHOU Q Q, et al., 1999. Relationship between
species richness of small mammals and primary productivity of arid
and semi-arid grasslands in north China [J]. Journal of Arid
Environments, 43(4): 467-475.

ZAK D R, HOLMES W E, WHITE D C, et al., 2003. Plant diversity, soil
microbial communities, and ecosystem function: Are there any links?
[J] Ecology 84(8): 2042-2050.

FARK, HdfE, 1994, EREFRIE LY R T
HZE4R (3): 1-5.

BAIY F, XU Z X, 1994. Study on seasonal fluctuations or biomass for

TEABTE].

leymus chinensis grassland [J]. Chinese Journal of Grassland (3): 1-5.
[, fRAT), BARE, 5, 2007, %R s 5 3R s
%##E&E%iimlﬂm. LA, 25(6): 641-648.

CAO G M, DU Y G, WANG Q L, et al., 2007. Character of passive

=

active degradation process and its mechanism in alpine kobresia
meadow [J]. Journal of Mountain Science, 25(6): 641-648.

WA, AT, WEEDT, 4F, 2019, R EUE R R R A T R B A
M R R SRR T RAR[T]. AR, 39(2): 486-493.
DAIL C, KE X, CAO Y F, et al., 2019. Allocation patterns of above-
and belowground biomass and its response to meteorological factors on
an alpine meadow in Qinghai-Tibet Plateau [J]. Acta Ecologica Sinica,
39(2): 486-493.

WA, R, EAEST, 4R, 2018, RT/EDS
WEFE[T]. FEHR, 26(1): 22-29.

DAI L C, KE X, CAO Y F, et al,, 2018. The study on ecological

bS5 B AR ) 1 e

functions and management of biological soil crusts [J]. Acta Agrestia
Sinica, 26(1): 22-29.

HRR, SRR, FiF s, 5, 2004, FEAHCRGREE X 5 SR IR TR ALY
FEBRRAT]. B, 21(2): 48-53.
DONG QM, MA Y S, LI QY, et al., 2004. Effects of yaks stocking
pates on aboveground and belowground biomass in kobrecia parva
alpine meadow [J]. Pratacultural science, 21(2): 48-53.

AR, SREETE, HTTR, 4%, 2016 M IEE AR SO RRE XA
[ 15 ﬂ‘]%ﬂﬁ}jﬂ[’]ﬂ?[ﬂ AR, 36(24): 8034-8043.
LIN L, ZHANG D G, CAO G M, et al., 2016. Plant functional groups
numerical characteristics responses to different grazing intensities
under different community succession stages of alpine kobresia

meadow in spring [J]. Acta Ecologica Sinica, 36(24): 8034-8043.

KR, TRV, 1999, BUHOW R SRR M), hE A 3):
11-19.
LI'Y H, WANG S P, 1999. Response of plant and plant community to
different stocking rates[J]. Chinese Journal of Grassland (3): 11-19.

T UM, Bl RS, S5, 2017, TR R 5 AR AL SO
WAT]. HARAAE, 39(3): 184-190.
MENG F D, TSECHOE D J, CUI S J, et al., 2017. Changes of plant
phenophases and their effects on the Qinghai-Tibetan Plateau [J].
Chinese Journal of Nature, 39(3): 184-190.

IV, #RiIE, BN, %, 2017, WFER MR-+ R G R
WEL L B BIF TS [T]. AR, 36(6): 1708-1717.
MA L, XUM H, ZAI D T, et al., 2017. Response of alpine meadow
vegetation-soil system to climate change: A review [J]. Chinese Journal
of Ecology, 36(6): 1708-1717.

B, )T, B, 4F, 2010, #RIE L4 AN ELA RIS LR
TR AR R T I]. PALRIY AR, 30(6): 1231-1239.
SU AL, XU G P, DUAN J C, et al., 2010. Community structure and
point pattern analysis on main plant populations of Potentilla fruticosa
shrub meadow in Qilian Mountain [J]. Acta Botanica Boreali-
Occidentalia Sinica, 30(6): 1231-1239.

BRIGEE, WR, ZEEE, 45, 2009. BUBCTHNAE L IE A R HHIE A
FAREE R[] AR, 18(1): 235-241.
SHENG H Y, CAO G M, LI G R, et al., Effect of grazing disturbance
on plant community of alpine meadow dominated by Potentilla
froticosa shrub on Qilian Mountain [J]. Ecology and Environmental
Sciences, 18(1): 235-241.

EJaHE, LR, SKIET, 4F, 1991, 5w 54 BRI AR SS I RRIE
FAY LT, YA, 11(4): 333-340.
WANG Q J, ZHOU X M, ZHANG Y Q, et al., 1991. Structure
characteristics and biomass of potentilla fruticosa shurb in Qinghai-
Xizang plateau [J]. Acta Botanica Boreali-occidentalia Sinica, 11(4):
333-340.

R, FEET, 2007, 75 58 m JUE A P8 B AR A R GRS R AT
RIBBI]. ASRIRE, 293): 159-164.
WU G L, DU G Z, 2007. Discussion on ecological construction and
sustainable development of degraded alpine grassland ecosystem of the
Qinghai-Tibetan Plateau [J]. Journal of Nature, 29(3): 159-164.

TERPE, 2K, FHIY, 55, 1998, AR T /IR R RS
WAL SRR A TT]. FOHAEHR, 6(4): 299-305.
WANG S P, LI Y H, WANG Y F, et al., 1998. The succession of
Artemisia frigida rangeland and multivariation analysis under different
stocking rates in Inner Mongolia [J]. Acta Agrestia Sinica, 6(4):
299-305.

ki, EAIR, PREH, S, 2014, 55 56 i s A B A AR VA R E
XHB AT A[T]. T AR AR, 35(5): 504-510.
ZHANG F W, WANG J B, LIN L, et al., 2014. Response of plant
community of alpine Kobresia meadow on degradation succession in
Qinghai-Tibetan Plateau [J]. Chinese Journal of Agrometeorolgoy,
35(5): 504-510.

TRHETE, 1990. ANV L T v SEHE I A R AR FINECR LA (0 5
5[] MR, 14(4): 358-365.
ZAHNG Y Q, 1990. A quantitative study on characteristics and



740 RS 28 B 4 (201944 A)

succession pattern of alpine shrub lands under different grazing ZHOU H K, ZHAO X Q, ZHOU L, et al., 2005. A study on
intensities [J]. Journal of Plant Ecology, 14(4): 358-365. correlations between vegetation degradation and soil degradation in the

JEAEIh, X4, L, 4, 2005, TR R ZE R AR poR 1 ‘alpine meadow’of the Qinghai-Tibetan Plateau [J]. Acta Prataculturae
IRFFAEDTTE[T]. Tl 24, 14(3): 31-40. Sinica, 14(3): 31-40.

The Response of Potentilla fruticosa Communities to Degradation Succession
in Qinghai-Tibet Plateau

DAI Licongl’ 2, GUO Xiaoweil, KE Xun" 2, DU Yangongl, ZHANG Faweil, LI Yikangl, LI Qianl,

LIN Li', CAO Guangmin', PENG Cuoji"? SHU Kai'*>

1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810001, China;
2. University of Chinese Academy of Sciences, Beijing 100039, China

Abstract: We aimed to elucidate the characteristic of response of Potentilla fruticosa communities in the northern Qinghai-Tibet
Plateau to degradation using the space-time substitution method. Three Potentilla fruticosa meadows at different stages of
degradation (i.e., no degradation, moderate degradation, heavy degradation, and extreme degradation) located in the northern
Qinghai-Tibet Plateau were selected for the experiment in mid-august 2018. We used these meadows to explore the response
characteristics of the native plant communities when exposed to varying degrees of degradation. We found that both the aboveground
biomass and belowground biomass of plant communities decreased as degradation became more severe; the aboveground biomass in
no degradation (387.73+25.53) g'm > and moderate degradation plots (328.55+£36.23) g'm > was significantly higher than that of
heavy degradation (210+35.04) g'm > and extreme degradation plots (182.19+49.99) g'm 2 (P<0.05). In addition, we found that
grazing-induced degradation significantly affected the structure of plant communities. The aboveground biomass of grass and sedge
gradually decreased as grazing became more intense, while the aboveground biomass of forbs increased. Similar to the aboveground
biomass, the belowground biomass in no degradation (4 846.01+747.10) g'm > and moderate degradation plots (4 723.99+505.64
gm %) was significantly higher than that of heavy degradation (2590.75+276.45) g'm > and extreme degradation plots
(1011.84+163.46) grm > (P<0.05). Furthermore, the total carbon, total nitrogen, and organic matter in the surface soil increased with
grazing intensity, and the root systems tended to allocate more biomass to the surface soil as grazing intensity increased. Additionally,
as degradation increasing, the species richness of plant communities decreased gradually, with the species richness of no degradation
and moderate degradation plots being significantly higher than that of heavy degradation and extreme degradation plots. Our results
suggest that overgrazing might lead to the differentiation of vegetal communities and a decrease in species richness, and might
ultimately result in further degradation of native Potentilla fruticosa meadows into forbs meadows and possibly even lead to
secondary infertility. Our results could be helpful for better management decisions concerning the conservation of Potentilla
fruticosa meadows in future.
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