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Effect of short-term enclosure on soil nematode communities in an alpine meadow
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Abstract: Alpine meadow is extensively distributed throughout Northern Tibet, and is the typical ecosystem of the Tibetan
plateau. Collectively, alpine meadow represents the largest and most important ecosystem in Northern Tibet. The aim of the
present study was to examine the restoration of degraded grassland and the rational use of grassland resources, and to
provide a theoretical basis for local animal husbandry development in the alpine meadow of northern Tibet. We conducted an
experiment using alpine meadow sample plots of both enclosed and grazed land in Naqu County in the Naqu region of the
Tibet Autonomous Region, China (31°38'38.87"N, 92°00'51.44"E). To better understand the effect of grazing on alpine
meadow habitats, and how degraded land may recover following enclosure, we surveyed the variation in soil nematode
communities at soil depths from 0—25 ¢m. From May to November 2013, we carried out a survey in all sample plots to
investigate variation in soil nematode communities in different soil layers ranging from 0 to 25 cm, in order to understand the

effect of grazing on alpine meadows and the role of enclosure for the recovery of degraded alpine meadows in northern Tibet.
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We collected soil nematodes using the shallow basin method, and measured the following soil chemical properties; soil pH,
organic matter content, and concentrations of total nitrogen, phosphorus, and potassium. We compared the composition,
distribution, and diversity of nematode communities between grazed and enclosed plots using indices of individual density,
diversity, and trophic composition. We also analyzed the relationships between nematode communities and soil chemical
properties. Overall, nematode communities differed between grazed and enclosed sample plots. Short-term (3a) enclosure
increased the biodiversity and total abundance of soil nematodes. Nematode groups increased in abundance in grazing plots
from Plant parasites > Bacterivores > Fungivores > Omnivores-predators, while group abundances in enclosed sample plots
decreased from Fungivores > Plant parasites > Bacterivores > Omnivores-predators. Various trophic groups showed no
significant differences between the two sample areas. Enclosures reduced the proportion of plant predatory nematodes, and
stabilized the nematode composition of the alpine meadow ecosystem. The Shannon-Wiener ( H') and Margalef indices
(SR) were higher in enclosed plots than grazed plots, whereas the dominance index (A ) was lower for grazed than for
enclosed plots. Wasilewska index ( WI) showed that grazing intensity was highest in the period during which alpine meadow
vegetation flourishes ( August). At high grazing intensity, soil health declined, suggesting that further intensification of
grazing will cause degeneration of the alpine meadow. Enclosures changed the structure of the soil nematode community,
density, and diversity characteristics. However, nematode channel ratio values ( NCR), which reflect soil organic matter
decomposition pathways, were the same in both sample areas. Soil organic matter degradation occurred mainly through the
fungal biodegradation pathway during reviving and flourishing periods, whereas bacterial decomposition dominated during
the withering period. Our analyses of the relationships between soil nematode communities and soil chemical properties
revealed that soil nematode abundance responded to changes in soil physical and chemical properties. This study
demonstrates that grazing and enclosure have distinct effects on soil nematode communities in the northern Tibetan alpine

meadow ecosystem.
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31°38'38.87"N, 92 ° 00'51.44"F., ik 4596 m, MLIXIk+ 3@l it 1, ikt iy EZEmH
i K WS R A 5 1L ¥ ( Kobresia pygmaea ) . —. 54 Z2 2 % ( Potentilla bifurca ) | % K 9 % ( Leontopodium
nanum) FLEA T (Anaphallis lactea) EIAEZR % (P. saundersiana) FEFEPHH A ( Elymus nutans) 520K
( Poa pratensis) FI5 £ ( Festuca rubra) %,

Sy AE AL N RE I (8 3 a) FEIREAM A OO b B b, TR 20 mx20 m, “PATAEHL 3 4, 26 4>
FEsh, FEHUIEIAYEE RS2 50—100 m, T° 2013 45 A (2, FHuRFH) 8 A (B2, FIEKM) 11 A (%
275 AE) el AL SRR IR BEA LA SO U AR 7 em RERIEAT IR, REAEMLAT R 3 R
FEA, M BIREHE J 0—5 em, 5—10 em, 10—15 em, 15—20 cm, 20—25 cm +JZJF0RAHE, B4
] 2 ARG A B LIRS AR IR, W B ARSI ] 5206 % AT Jn 22 i
1.2 2o e HYE

FRE - HEfERE 30.0 ¢, TRELAE IR B 48 b2, FIFLAZ A 0.045 mm AT FUCEEL HL, I 5% P RSV Ak [
SEL L, TEMEEIEE T AT, di o AT ESE oK S ng I E 4528, A AR L i 2% /100 g T

i ( DE NEMATODEN VAN NEDERLANDY'*’ ( Dorylaimida—TFree-living, Predaceous and Plant-parasitic
Nematodes) (1l LHESHIG I 4) ) CRUMIZ A 628) ) oh K R B s OB IE) | 1
TR BB L5, A5 2R s B

SRS R S AR SRR 10060 153 | SR OLR (+4-+) 3 RECHE A AR 190—10%
HL O ILR () s RECE B E 1%L R, MRAEE ()P,

1.3 B USRI oy

FRPEEMERGEZE Lo M U R LA E 2250 . B 45 P46 L ( Bacterivores ) B EL I P46 L ( Fungivores ) (FH &
PEZE 1 ( Plant-parasites ) FIZ £/l & 1E 4L H ( Omnivores/ predators ) !

1.4 5L BT G5 A ) Z FEE AR A

Shannon-Weiner ZFEHEFEEL . H =- Z n,/N xIn(n,/N)
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Simpson HE4 B HE A A= (n/N)?

Margalef &5 FEHE AL . SR=(S-1)/InN

JRCEEFE A ( Maturity Index, MI, NEFFEEMELI) P MI= Sc(i)xp,

AR APk B A $8 40 ( Plant Parasite Index, PPI) 3. PPI= (1) Xp,
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1.6 Zdnabi

K H SPSS13.0 #AFHEAT B WA 2 ANOVA AT AL PR AR o34, LUK IS [/ 22715 AN [RNR B 2 DA K
W35 AR PR L84 BT 4% SRR B 5 P Excel 2210 136 B4

2 ERES

2.1 LiERfbER

B R | B FE ) 2 R I RRAE R L AR 1, SRR BB e R R T R
K, JEUIR ST H BB (P=0.013) s 240 B BP0 & AR 3a R W0, ukr3g ity ¥
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pH A,

R1 HEMFETEBEUMER

Table 1 Major soil physical-chemical properties of sample plots

- HoK AL e o i
Plot Moisture Organic matter/ pH Total Total phosphorus/ Total
content/ % (g/kg) nitrogen/ % (g/kg) potassium/ %
A B AR Sample plots of grazing alpine meadow
T2 0—5 cm 17.72+0.88A 102.94£22.33A 6.64+0.10A 0.57+£0.04A 0.39+0.05A 0.61+0.07A
Soil layer 5—10 e¢m 10.82+1.71B 56.02+£22.79B 6.90+0.26AB 0.44+0.12AB 0.38+0.05A 0.56+0.04AB
10—15 e¢m 10.78+5.32B 34.15+8.75B 7.21+0.24B 0.37+0.15BC 0.36+0.10AB 0.57+0.04AB
15—20 c¢m 9.00+0.98B 33.31+13.32B 7.24+0.25B 0.28+0.04BC 0.31+0.04AB 0.51+0.03B
20—25 cm 9.16+1.79B 27.58+9.36B 7.25+£0.20B 0.21+0.04C 0.26+0.04B 0.41+0.06C
A1t Total 11.49+4.02 50.80+31.99 7.05+0.31 0.37+0.15 0.34+0.07 0.53+0.08
FEl 5 A4t Sample plots of enclosed alpine meadow
T2 0—5 cm 25.37+9.37B 137.42+£37.21A 6.64+0.13A 0.76+0.12A 0.59+0.03A 0.72+0.09A
Soil layer 5—10cm 15.51+5.49AB 53.08+44.44B 6.96+0.24AB 0.53+0.07B 0.50+0.03A 0.63+0.04AB
10—15¢m 10.93+1.72A 49.61+10.78B 7.09+0.18BC 0.41+0.01BC 0.38+0.06B 0.53+0.08B
15—20cm 14.55+5.77AB 34.81+£16.54B 7.33+£0.23C 0.29+0.01CD 0.34+0.05B 0.50+0.06B
20—25cm 13.40+5.95AB 28.76+12.62B 6.96+0.14AB 0.26+0.07D 0.33+0.07B 0.52+0.07B
A1t Total 15.95+7.31 60.73+47.13 7.00+0.28 0.45+0.20 0.43+0.11 0.58+0.10
F tl})::ltjz:ls 7.188(0.013) 1.49(0.235) 0.524(0.476) 6.15(0.021) 14.475(0.001) 4.495(0.045)
between
the layers 5.752(0.002) 16.793(0.000) 9.078(0.000) 25.21(0.000) 9.574(0.000) 8.471(0.000)

SR SRS s P B JG T REA R FOR 225 B35 ( P< 0. 05, X011%)

22 IR MR G
221 LIELR ORI AL U

M2 SRR 3 AT HIERE Ry AR BIZ 11919 S, PR 782 45/100g T4, A E S
Lk Ay 4870 2%, SRIET 2 495 H 67 J&, AIRNEILILE 2,

TR FE B A A 23 B A B L AR R 6602 Z%, P XYHE 849 F/100g T4, BT 2495 H 33 B 53
J&, Hr, Tylencholaimus AR E HAMARE G 5 S0 15.68% , Helicotylenchus | Tylenchorhynchu 220 Mg
R LR, ARG 5B T RSB 73.19% , Wilsonema Prismatolainus 55 32 & WA & .

Pl e FE ) 1 b o3 B 45 31 1484k U 5317 4%, IR 714 45/100g T+, /v JE T 2445 H 33 £l 57
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&, Tylencholaimus | Tylenchorhynchus A MR G SEUR) 30.57% , Cephalobus . Ditylenchus & 16 ME
L, HAMAK 5 B 48.41% , Epidorylaimus .Rhabdolaimus 55 39 1~ @& WA )& .

Pl oy S ) LR OBV h O DL AR A A A SIS S AR 1, L R 28 B
BT TR B

K2 TRELEHMTEEHBERANRERLH cpE

Table 2 Soil nematode community composition and the c-p value of trophic groups under different sample sites

L #E Dominance

J& Genus 2013-05 2013-08 2013-10 C‘"ppvﬁw

G. E. G. E. G. E.
B HE ML H Fungivores
Aphelenchus + ++ - + - + Fu2
Aphelenchoides ++ ++ ++ + + + Fu2
Tylencholaimus +++ +++ +++ +++ +++ +++ Fu4
Ditylenchus ++ ++ + ++ ++ ++ Fu2
Diphtherophora + - - - - _ Fu3
Leptonchus - + - + - - Fu3
Tylencholaimellus - - - + - _ Fud
FE LR L Plant-parasites
Hemicriconemoides - - - T _ _ Pp3
Loofia - - - + - _ Pp3
Paratylenchus + - - - _ _ Pp2
Tylenchus ++ + + + + + Pp2
Filenchus ++ ++ ++ ++ ++ ++ Pp2
Miculenchus - - - + + F+ Pp2
Coslenchus + - - - _ _ Pp2
Boleodorus - - - - — + Pp2
Basiria - - +++ ++ - - Pp2
Cephalenchus ++ - +++ - + + Pp2
Tylenchorhynchus ++ ++ +++ ++ ++ +++ Pp2
Deladenus - - - _ + _ Pp2
Scutellonema - - - - - + Pp3
Helicotylenchus +++ ++ + +++ ++ ++ Pp3
Merlinius ++ ++ ++ ++ ++ ++ Pp2
Malenchus ++ ++ ++ ++ ++ + Pp2
Tichodorus ++ - - + — + Pp3
longidorella - - - - + + PpsS
Longidorus - - + _ _ _ Pps
AN T2 Bacterivores
Acrobeloides ++ ++ + + ++ + Ba2
Cephalobus ++ ++ ++ ++ ++ ++ Ba2
Acrobeles + ++ + ++ ++ ++ Ba2
Cervidellus ++ ++ ++ +++ ++ ++ Ba2
Chiloplacus - + + - + _ Ba2
Eucephalobus - - - - + + Ba2
Alaimus ++ ++ + ++ ++ ++ Bad
Plectus - + - — _ + Ba2
Anaplectus + + + + ++ + Ba2
Wilsonema + + ++ + - - Ba2

http ; //www.ecologica.cn
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P34 Dominance
J& Genus 2013-05 2013-08 2013-10 c"pf’vfw
G. E. G. E. G. E
Ceratoplectus - - - - - + Ba2
Prismatolainus ++ ++ - - + - Ba3
Odontolaimus + - - - - _ Ba3
Rhabdolaimus ++ ++ + + + + Ba3
Teratocephalus ++ + - - + — Ba3
Achromadora + + - - - + Ba3
Chronogaster - + - - - - Ba3
Cylindrolaimus + + + - ++ ++ Ba3
Panagrolaimus - + - - - - Bal
Metateratocephalus - - - - + - Bal
AR E - B PEL HL Omnivores-predators
Campydora + + - - - + Op4
Labronema + ++ ++ ++ + ++ Op4
Aporcelaimellus + + - + ++ ++ Op5
Aetholaimus - - - - + _ 0p5
Epidorylaimus - - - - + ++ Op4
Mylodiscus + + + + ++ ++ Op5
Eudorylaimus ++ ++ ++ o+ — _ Op4
Mesodorylaimus - ++ - + + ++ Op4
Discolaimus ++ ++ + + + ++ Op5
Ecumenicus ++ ++ - - + ++ Op4
Enchodelun - + + ++ ++ Op4
Microdorylaimus - - - + _ + Op4
Dorylaimellus ++ ++ + + ++ ++ Op5
Mylonchulidae - + + - - — Op4d
Coomansus - + - - - - Op4
Nygolaimellus - - - + _ _ Op5
Nygolaimus + + ++ ++ ++ ++ Op5
Aporcelaimus - - + - + _ Op5
Dorylaimoides + + + . ++ + Op4
Axonchium - - + - ++ + Op5
411 Total
f’fjﬂiie total number 38 41 33 35 40 4
LA R ()
The total number of 980 998 548 707 826 811

individuals(ind.)

G.: F M CHORE b ( Sample plots of grazing alpine meadow ) ; E : [l 35 # 1 ( Sample plots of enclosed alpine meadow ) ; +++: . #%J& ( dominant

genus) ;++: wL)E (common genus) ;+: WA (rare genus) ;- A H B (Not observed )

222 HIBCRAUE B S L 2 o A

M T RTRAZR RO 3 R L - S B A AN ] AR R S A B2 3 HLW R e SR 1, i

A SRR B T s EE 12 il ]~

ANFZET R )2, OB L AN AR B LR T Fl e, Seit o], Rt e Wl
BT (P =0.271, Py =0.904, Py =0.309, N=15), 1 )2 8] 25 53 B 3 ( Py <0.000, Py <

0.000, Py =0.020, N=6)
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IFH., 2 AR T A AR S R R R i TR 2 A RIHE (P<0.000, P<0.000) , R
ARG FLIHI ] 22 S AN & (P=0.765) ; B LR 2 (0—5em ) 1A i i 2k HUAMAR 25 B2 7 3 A A B 301 5 B ARG 1Y
W RE A A KT A R R

B Bl O Bl
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BHE 23 4] R ]
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TR AR/ (4 /100g T 1)
Individual density of soil nematodes

1000
0 § g é é g.éHéLLLLLé éﬁ&L&LLL
7 2 2 8 & % 2 =2 § 8 7 =2 2 § 3
s \ 14 ] \ A | [
v (=} v (=1 v (=1 vy (=3 vy (=] e} (=3
— — o — — o — — [\

+ )2 Soil layers/cm

B1 TE&HANEZE(MeansSD) MEHEUMEES %

Fig.1 Vertical distrbution and seasonal variation of individual density of soil nematodes( Mean+SD )

2.3 LR RREIE I ESRE

R CHORE 1 - 33 eV b DU B P MRS i 22, B T 4R BB 35.86% , HAKCh B 4 TR
PEZEdL, BT BN 25.09% , EECBETELR BAIESE =, & 21.85%, Z+&/MigtEdk i/, 10 17.20%,

FEI A b SR 2 ORI A B SRS B . 8 R 2 > HE B PR R > B A TR PR 2 R > e -
e ol 2k R RSBy 29.73% \27.74% 23.29% (19.24%

Rl - Sk R T A B MR R LU R R, B B AOR Ll n . FESUE T L s 5 A
. {H ANOVA Geit/rtr g 3R], Wikl E SRR ENMASUE EA 2R, BERARE(P>0.05), WL
’l2,

2.4 LM REE A SR

M3 TLEH, FIEFE A RIS 1 F B8 SR ¥ Filtiore s, Hovh, ZREMREE 1 A3
FIKF(P<0.05) ; FEFEHB A F B 5 A B AR T UBORE L (P<0.05) 5 AL Ml [B] (% 340 5 BE 46 %5 )7 # PPL/
MI ZRAERE (P>0.05) . PIFEHLI A SH B2 5, LA B A RK EEA AR 2R3

WI F8 28U WA SRS M M 2 S SRR . 2 Wi =1 i, R I A 45 AR 4
o (BEMERELR) 5 FNMEY T EL BT Y, T ERRRE B, wi>1 5, (AR, Ui+
S RO s Wi<1 B, (R8N, VLR Il AR B s . VARG, A R JBCHORE b W R B T R AR
M, S HCRAERI], A s W 385N 0.70, t IR A |

PR NCR BRI AURK AT 0.5, MF IS F 0.5, b 222 A8 (P>0.05),
2.5 ARLR AR S A R T () Y O R

LR AR i - PR A T 2 (R R S A BT 4 SR LA 4 AR A R R D R R R AR AR A
5 2k B ARSE BEAR OCHERUIN(P>0.05) s &AL 2B A LT BUSCE | IS K SO [ A R Y 1
2R AR FE Y 2 B IE AR (P<0.05) 5 pH U5 AN ] A= 4 B 3 ) 1 32 AN 1A % 5 1) 2 A B 3 B M O (P<
0.01) ;4B A8 Fafir &L i 5 4 % B 2 TR A DG P Rt A A8 kT A2 1k
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g g ® Op A itk (G.) O Op FHHE.) 3 Pp HEEA(G.) O Pp BH(E)
L O
éﬁ 500 ‘ 600 1
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%;s 400 | 500 ¢
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= L
HE 300 | 400
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NiLFE i
0 A*ﬂi ﬁﬁ 1 ﬁ of iﬁ Pl Nl B M 0 Fral I5
CENRS TSURE T2O8S ol 12288 Y228%
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FHRktE
Season andsoil layer/cm
B2 TE&HEREN
Fig.2 Soil nematode trophic structure
®3 TEERBELESER
Table 3 Ecological index of soil nematode community
FEHL Plot H' J A SR PPI/MI Wi NCR
H B R L Sample plots of grazing alpine meadow
iR EH ] Reviving period 2.02+0.74a 0.79+0.13a 0.24+0.21a 3.22+1.18a 0.72+0.11a 2.08+3.10a 0.48+0.21b

BRI Flourishing period 1.76+0.33a 0.86+0.11ab 0.22+0.09a 2.41£0.56b 0.61£0.23a 0.70+0.84b 0.30+0.33a
A E ] Withering period 2.11+0.46a 0.90+0.06b 0.16+0.07a 3.14x1.04a 0.61£0.22a 1.89+1.21ab 0.65+0.19b
[E AL Sample plots of enclosed alpine meadow

BT Reviving period 2.31£0.420B 0.86+0.07a 0.14+0.04a 3.47+0.75a 0.63+0.05a 3.32+3.92a 0.39+0.21a
BRI Flourishing period — 2.00+0.388 0.86+0.08 0.18+0.07a 2. 83+0. 878  0.73+0.128 1.49+0.86B3 0.46+0.27a
A B Withering period 2.14£0.38a 0.86+0.08c 0.16+0.09 3.17+0. 8laf  0.59+0.09 1.55+1.43B8 0.52+0.27«

H' . Z ¥ Shannon-Weiner diversity ;J': #12]FF Eveness; A : %% Dominance ; SR : 3= & B Richness ; PPL/MI ;A £ 1 £k B 0 §8 50 i A
F8%4 Plant Parasite Index/Maturity Index; W1 FLIT SR 3T 7540 Wasilewska index; NCR : 28 #2385 U {H Nematode Channel Ratio

R4 TEZANGTESTEEREMEXRY

Table 4 Correlation coefficients between nematode number and major soil properties

IR bR REH R B4

Soil physical chemistry index Reviving period Flourishing period Withering period
4% Total nitrogen/% 0.704** 0.554** 0.513**
41 Total phosphorus/% 0.500 ** 0.434" 0.368 "

447 Total potassium/% 0.680 " 0.661 " 0.264
AHBLBT Organic matter/ (g/kg) 0.787"" 0.545"" 0.588""
HRE Avail N/ (mg/kg) 0.730 ** 0.791** 0.685**
A& Avail N/ (mg/kg) 0.328 0.499 ** 0.630 **
+355 /K & Moisture content/% 0.688 ** 0.703 ** 0.662 "

pH -0.680 " -5.84"" -0.622""

% P<0.05; # * P<0.01, (n=90).
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3 e

R T SR IBCBO R FE R R, DL B ko Ry FE R MR SR T, 2013 443 S G b A FB] f geg SE
) R Y P A o FE R ) - SR AU I B RS B AR B A SR B, DA A M BT AR EAT T R A
e,

3a M R B B0 S E K SRR BN, AR S A — e R AR R, IR
TAEYE 5 R b R R E R, PO RIS KRN, KRG Bl ke, BRI N
FABE AT AR SR —2 ) pH T Bl m i H R )2 520, X 5HE et R —80
SR RS AR FE 5  ERRAE TZ ) AE DCE A ATr  SR I « E RER RUBSER X  E A BA (A Y
MR, PRI, Sk - A HORE TR 0 B R T A S WIS B Pl bk oo S ) A S R R

FELEH Ik MR B R R, (AR ZREvE R E s B AR s 1, (Wi, ORSE I R RE Rl L
SRR T R L AT R R TR, S EEA R LENR, XU E AR T EEEAESR
SERIE R, (2 10 EARRE T ) R R . W HEEU B RIRE A 25 3L, IF 2R 76 TBUO B e K R 10
(8 1), miZErif +3eA R R G2 B K.

Bongers T 1997 4E4& 4 PPI/MI BRI, M HTE— € S54F T PPL/MI B St - 1A= 28 RS0 o0 5+
Pk A2 R BE ] g B gUER | EAEAS TR AR A5 R F AR B0 2 ARt e G 22 5%

AR FIE AR T A HRLR HURETE () 25 A AL AR AR B DA S SRR VR, (HU, 2 SRR NCR (B R W i 1Y
WL AR S — B L 3R T I AR 1 S AR B PR B AR A, S 0 LA B s o

LR RIS AR B MR ARSI EOR TN LA IR SR R A AR AR, IR AR TR 4
B RE e — B AR S RV B BRBE IR DL . AR Sl i PR A 0T 9 39k e AR S H B MR I AR SRR,
J et FEURS 3R B R O R FE R AN R AR B v A O UE 22 S U B AL R FE ) B AR B R IR
AW 5 09 1E ) 520, 1 F A e FE R ) AR R AR I A2 B T R T, 2Pt O S R B
EBRGIBRE,

4 ING

SRR, FE 3af5, HIESKE A B NS RSN BB 1% pH (A B R
AL
L ol e 2 R ) T MR 2k UV RO A U AG R AR RS, DB 28 S A AR B i B R 3 T DL
AR S A A0 O] B B
TEARRI Z=A AR L2 HOBORE b A 98 AR B2 LT R T Bl B, B2 AN
Pl B - 32 BRI 5 TR A AR 72 A, A PR ORE M 45 8 R AR A I A RN BT O - AR
PEL S AR ML > B PR Z i e B/ B vty ITEEE Uy . & R PR R S B L L 2
HSEPEPEL S22 B/ M E L AL, (BRI 458 FR 8B MR E I ERARE
FEIEAE A A PEAE 5 B 5 B SR Y TlCBoRE L, i Oe 35 BE 6 45 N B ARG Tl it ot s 1 rh
FEHL WIHEBURT R EREH, JCHAE K IACR 0.70, AR E22, 2 AEEHLEY NCR {E1E IR 75 1 Ak
KT 0.5, RIS T 0.5, FEHbE 2257 A 0%,
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