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Response of Soil Nematode Communities to Restoration of Alpine Meadow Grassland in

Three-river Headwater Region on Qinghai-Tibet Plateau in Different Restoration Periods

WU Yuwei!, LUO Shan?, Laqiong3 , WU Jihua'?"

(1 Key Laboratory for Biodiversity Science and Ecological Engineering, Ministry of Education, Institute of Biodiversity Science,
Fudan University, Shanghai 200438, China; 2 Lancaster Environment Centre, Lancaster University, Lancaster LAl 4YW,
United Kingdom; 3 Ecological Research Center, School of Science, Tibet University, Joint Laboratory of Biodiversity and Global
Change, Tibet University and Fudan University, Lhasa 850000, China)

Abstract: Alpine meadow in the Three-River Headwater Region on the Qinghai-Tibet Plateau is undergoing severe degradation.
Artificial planting is an important way to restore degraded grasslands. This study compares the structure and function of soil
nematode communities of alpine meadow grasslands at different restoration stages (artificial grassland planting for 1, 5 and 10
years) to test the effectiveness of grassland restoration from the view of belowground. Compared with the native vegetation plots,
plant belowground biomass of the restored plots is significantly lower, and soil bulk density, pH, total phosphorus, total potassium
and nitrate nitrogen are significantly higher. Nematode evenness index and Shannon Wiener index in the three restoration plots
are significantly higher than those in native vegetation plots. In addition, with the increase of restoration years, nematode
abundance index, metabolic footprint index and maturity index in restoration plots are increased. Correlation analysis results
show that soil nematode abundance is significantly positively correlated with plant belowground biomass, soil organic matter,
total nitrogen, total phosphorus, mineral nitrogen and available nitrogen (P<0.05), and significantly negatively correlated with
soil pH, total potassium and bulk density (P<0.05). Although the artificial restoration measures of the degraded grassland in the
Three-River Headwater Region have not fully restored the forage productivity to the state of native vegetation, soil biological

structure and function have a trend of improvement, indicating the strong restoration potential for the degraded grassland
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ecosystem in this area.

Key words: Grassland degradation; Grassland restoration; Alpine meadow; Soil nematode; Artificial vegetation
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Table 1 Soil physiochemical properties in different plots with different restoration periods
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Fig. 2 Ecological parameters of nematode communities in plots with different restoration periods

23 FTEEHREFEBRBEEZAN
5[5 A AR MR L, AS TR R AR b i 2 B 1

MEMEEL RN ZEE &G 3A), HEME. HE
PRI 4 A 2R AU F 5 B = (K] 3B). 3 AN Al
SR 2 b | A ETE RIS AR L R A~
JERANHE B v T DR A R R M TR A R R
2R AR B T R A A R R L (18] 3C)
2 A I SRR SRR SRS AE HLEY c-p2 F c-pd
AR Z B (B 3D) . F & (& 3E) R R 4h
FEE(E 3F) ¥ i T I A R R b R B B 2 AR R AT
(NMDS)Z5 5 Bn, TR A A i b 5 AN TR) ik 52 30 A
] () £ LR I8 4 h 2 5 1 2 (1R 4) . Ak, PRE 10 a
FEHB LR UBEVE S0 1 a 55 5 a FEHL T 04 e TR
(B HFfE—EEE.

ST EE R, R 2 SR A9

L HEESOKRE AN . . 2% U RA M
ORI TF A 6(P<0.05), 513 pH ., A E 4
i R U O (P<0.05). FHEMEL R LS 145

f&%tﬂm

P E A AL & & B IEAHE(P<0.01),

3 ihie

ABIFTE R B, 78 = VLIR30 X i € e A 94 1 ) B
JEE AR VR A T L AR v, A b A e A - B
YA AN RIREE AP TT, i DX R ) LB A 7
ZATRL, I LI BB S A8t T REXS LM Wi AR
HARIIBURAE ] o A B S AR DGR 8t 2 3R
Wt 5 R A P ) 9 3, S BILRAR A 4 % i 5 0
i, M ERAREY, WS RO S
R EE YIS R MBR B D, bR IR AR B T ]
JEUAE AR ARSI Y 3 o 4 i T e 2
F TR S AR AR 7 0 T e S B0 AR S
ARG RE L A B R A B0 s T R A A
(& 1), ATRERREBIEAEILH A . BIRAR
VRIS RE ML RO AL ) 0 A e 8 T IS AR A A
(B 1), (HR{EARE R RM T A YRR K2 I TR
ARSI TS, L B T i A A A R S K R
&

http://soils.issas.ac.cn



536 +

e 554 %

= kK la == KK 5a —= K 10a mmm A1

310,
T or00
=

p=)

I s i

o0t
® ool H b
gg 0 |i nl'hl'li

T
H_‘j D)
)
% °r a aby
B b
gg 0 ﬁﬁﬂ= ﬂ l H Il D l i l
cpl cp2 cp3 cp4 cps
12 -
oo ® - aab
B S8t aal b
= 6k
S |
NN
0 [“:ll[li Il IDI Il |Hi
cpl cp2 cp3 cp4 cpsS
Efo a
S0l a_ab bfJab
Hogl af b4
Y b
%06} b bb
K204 |
doat |l LI
i“f)ﬁ 0.0 A= ) f f

cpl cp2 cp3 cp4 cpS
LR AT L epRitE

(Om: ZREPELM; Ca: fEMELS; Pf: HEVELN; Fu. BHEEMLA; Ba: BHEMEL M)
3 ARIGHBEEFRLHMETEE cp XHENETSH

Fig. 3 Ecological parameters of different trophic and c-p groups in nematode communities

Om Ca Pf Fu Ba
5r a abtab
gé . _(B) axa a,a
= i b
=
ﬁ Lﬂﬂﬂl I H
0 il Il il il
2 350 Om Ca Pf Fu Ba
2 30l © L2
§ 25t
B ool
K o150
Kool
A 05+
iﬁ\{ .
0.0
Om Ca Pf Fu Ba
KAETRHE
stress=0.052
v R1
o R5
0.4+ m RI10
+ NV

-0.2 -0.1 0.0 0.1 0.2
NMDS3

(R1: KE 1akEih; RS: KE Sakiih; R10: K& 10 aFfH;
NV JFUA R B )
4 b2 BB 4 A A NMDS

Fig. 4 Non-metric multidimensional scaling ordination of nematode
community compositions of different plots

/RS TR 2 S R O M R
RN B T A A R (18] 2B ~ 2D), 3 AT
AE T FE B RIE AL G i T SRy, HETRE T
LU TE Y 20 KRR A A R PR 2
o TR AR R b (1] 3A), F B - Wy e M 0
—E A BT Al A S B s R A R
A E VL AR - TE KL (B 3C) M T IR AR

BEdh, U SR KRS e N R R 2
X AT BB p T B 00 A 2 AR 4 1) T AR T TR
i Il (OEL 2

HeAh, DIERFTE R, 4Rl c-pd ZEREARIF K |
A A AR XA LUK, 8T k-Xt oLk i
c-p2 RBEAAIAE /N | A AR, 2 X R
A AT R, ARIRIRE IR c-p2 Al c-pd
KL ZE | F&EMERIENIEE R TR
AAEBERE (R 3D ~ 3F), FU SRR IE
MAE E AR T . ANFEKE IR R c-p2 2R
KBELE . E T TR RS T B 5t
FEFE AT 28, M c-pd 2k HUBEAY 3G i mT BE S5k
PRI 52 R - S e ) il A

ARG R, - HELk A2 B | AR 0 A Rk
ST A B0 Bt R A B T B 38 i v (B 2A, 2E,
2F), FAFERIERMABRGEMEME L
FoE BPIRASTERE, A AR A, R RS by
Guo ZFPMEE L F IR 30 a WK I 1] 3 19 55 M BF oY
B, IR R TR A R o R R b % A AR R
SR SINTP =R/ =N =r k=8 Wi N {0 G EL 7 ) £ S TS
IR, ARFSESE RS 2 .

TR YIS R AR R R SR . A

http://soils.issas.ac.cn



534 ENE S

R = 5 XA [ K A 30 v SR i) M AU v 1 537

FERW, (efpR | WAL, FIESFIREHE T, T3
AR T B A ROE S SR, T =R
DX A i R e i) (9K SR it S A v AF, HRT
T 12 WY 3 1 it 7 T I i) IS X - 3 A= W iy
SO, DAL A PRI ) AR ST R X A e A
BRGNS WL, AR EAEE R
IR I) ROBE b PR 5 v FE RS fa) N AR S A ) 3=
BRI SR B, ML T B GERY F B O RS R G
RIEZ RIS

4

VT M X FE e IR AL M A N TR R it
AR T b DX ) - 8 AR Y M RS )
A i AR R B AR AR IR (E R 25 K A2 AF R 4
hn, A A DL e O AR Y 1 AR W SRR
FRJA$ET . Ak, 4982k Hu A 2 0 Rk R i AL
Bifi i 52 [ A8 385 it i, SR B S R b 38 A= )
) 2 B 1E 7E 1) S A AR S

Bt Bl 0 Ak & R A I PT ) Ak 39 S U AR A R R
iAo 6B B e 48 5.

[1] H&E, BE4S, i, & PEILTFEbESRER
SV AT RE X ) B AR S e R[], R
BEBE T, 2020, 35(6): 675-689.

2] #&#4, AEF, 5%, % ZTHEXEBESKE

KT RS AR AN FH[J]. FiRHE, 2017, 24(1):

13-19, 2.

[3] FrEs, ERE, EFH, % WA X I EZ A
PRI R = VLR I 5K 0 el PR 8 5 1 78 A B H X A
JeFF KR g w0 AW 2 R, 2018, 26(2):
202-209.

[4] Garbowski M, Brown C S, Johnston D B. Soil amendment
interacts with invasive grass and drought to uniquely
influence aboveground versus belowground biomass in
aridland restoration[J]. Restoration Ecology, 2019, 28:
A13-A23.

[5] Wardle D A, Yeates G W, Williamson W, et al. The
response of a three trophic level soil food web to the
identity and diversity of plant species and functional
groups[J]. Oikos, 2003, 102(1): 45-56.

[6] Farrell H L, Léger A, Breed M F, et al. Restoration, soil
organisms, and soil processes: Emerging approaches[J].
Restoration Ecology, 2020, 28: S307-S310.

[7] Gao X X, Dong S K, Xu Y D, et al. Resilience of
revegetated grassland for restoring severely degraded
alpine meadows is driven by plant and soil quality along

A case

recovery time: study from the Three-river

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Headwater Area of Qinghai-Tibetan Plateau[J]. Agriculture,
Ecosystems & Environment, 2019, 279: 169-177.

Wei X Y, Mao X F, Wang W Y, et al. Measuring the
effectiveness of four restoration technologies applied in a
degraded alpine swamp meadow in the Qinghai-Tibet
plateau, China[J]. Journal of Environmental Accounting
and Management, 2021, 9(1): 59-74.

Schmidt K T, Maltz M, Ta P, et al. Identifying mechanisms
for successful ecological restoration with salvaged topsoil
in coastal sage scrub communities[J]. Diversity, 2020,
12(4): 150.

Duddigan S, Gil-Mart i nez M, Fraser T, et al. Evaluating
heathland restoration belowground using different quality
indices of soil chemical and biological properties[J].
Agronomy, 2020, 10(8): 1140.

ARoCE, M. i TR M BT E S R Y
FEFI[I). LEZRENE, 2007, 15(2): 116-123

BEE, REE, BKEmW, % L HE oy RIERREER
AW T i B R[], B AR AR AR, 2005, 16(8):
1541-1546.

XU T e B S R AR YRR G AR U LG
FRATFR[D]. POT: FHHFMILIR, 2020.

Wang B, Wu L J, Chen D M, et al. Grazing simplifies soil
micro-food webs and decouples their relationships with
ecosystem functions in grasslands[J]. Global Change
Biology, 2020, 26(2): 960-970.

XVEHE, tlts, ks, 55, 77 e I JE B H L T AR )
ZHE: BERE . RIS R[] AEMIZ R, 2018, 26(9):
972-987.

BEA, AT, FHx, 5. LR X &R Rk
TR S S AR OR B ST (0], FA B, 2002, 19(9):
1-5.

Yeates G W, Bongers T, de Goede R G, et al. Feeding
habits in soil nematode families and genera-an outline for
soil ecologists[J]. Journal of Nematology, 1993, 25(3):
315-331.

Bongers T. The maturity index: An ecological measure of
environmental disturbance based on nematode species
composition[J]. Oecologia, 1990, 83(1): 14-19.

VR, ShEMg, 2R4E K, % RMX RN L%
Y ML R RERF I IEIR 1] 4254, 2014, 34(5):
1072-1084.

Ferris H. Form and function: Metabolic footprints of
Nematodes in the soil food web[J]. European Journal of
Soil Biology, 2010, 46(2): 97-104.

de Deyn G B, Raaijmakers C E, van Ruijven J, et al. Plant
species identity and diversity effects on different trophic
levels of Nematodes in the soil food web[J]. Oikos, 2004,
106(3): 576-586.

He HD, Li H Q, Zhu J B, et al. The asymptotic response of
soil water holding capacity along restoration duration of
artificial grasslands from degraded alpine meadows in the

http://soils.issas.ac.cn



538 + i 5 54 %
Three River Sources, Qinghai-Tibetan Plateau, China[J]. [26] Zhang Z W, Li Q, Zhang H Y, et al. The impacts of nutrient
Ecological Research, 2018, 33(5): 1001-1010. addition and livestock exclosure on the soil nematode

[23] Liu M, Zhang Z C, Sun J, et al. Restoration efficiency of community in a degraded grassland[J]. Land Degradation
short-term grazing exclusion is the highest at the stage & Development, 2019, 30(13): 1574-1583.
shifting from light to moderate degradation at Zoige, [27] BE&E, BORPR, WA, 5. 0 3 FE d e v R L 8 e g
Tibetan Plateau[J]. Ecological Indicators, 2020, 114: Y A LR VR S I [T]. AR AR, 2016, 36(19):
106323. 6139-6148.

[24] ALIE. HAEXT T 98 g Jit g 2 ) L SR BRI S5 A0 R ) (28] BKAEYH. T mg LU DN AR S X - e A ALk s B
HIRFFE[D]. =M 22 IR, 2020. INSEIA[D]. A% PEALRMEHL R E, 2020

[25] Raiesi F, Salek-Gilani S. Development of a soil quality [29] Guo Y Q, Hou L J, Zhang Z Y, et al. Soil microbial

index for characterizing effects of land-use changes on
degradation and ecological restoration of rangeland soils in
ecosystem[J]. Land Degradation &
Development, 2020, 31(12): 1533—-1544.

a  semi-arid

diversity during 30 years of grassland restoration on the
Loess Plateau, China: Tight linkages with plant diversity[J].
Land Degradation & Development, 2019, 30(10):

1172-1182.

http://soils.issas.ac.cn



