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Effects of grazing intensity on soil nematode community structure in alpine grasslands in arid region

YANG Beibei', ZHU Xinping"*', ZHAO Yi', SHEN Zhibo', MAIDINUER Abulaizi', HU Yang', JIA Hongtao'?

(1. College of Grassland and Environmental Sciences, Xinjiang Agricultural University, Urumqi 830052, China; 2. Key Laboratory of Soil
and Plant Ecological Process, Urumqi 830052, China)

Abstract: In order to understand the effects of different grazing intensities on the community structure of soil nematodes in the Bayanbulak
alpine grassland, the effects of three grazing intensities (light: 0.65 sheep per hectare; moderate : 2.09 sheep per hectare; heavy:4.15 sheep
per hectare) on soil nematode community structure were studied. A total of 1 698 soil nematodes were obtained from the three grazing
intensity plots, belonging to 32 families and 38 genera. Soil nematode numbers was the highest under moderate grazing, reaching 1 427 in
22 genera. Soil nematode species were maximum under heavy grazing intensity (26 genera and 191 species). The common dominant genera
of light and moderate grazing were Plectus and Prodorylamus, and the dominant genera of soil nematodes at heavy grazing were Acrobeles
and Microdorylaimus. Soil nematodes was mainly distributed in the 0~5 cm soil layer, and the number of soil nematodes gradually
decreased with the increase in soil depth. Under moderate grazing intensity, bacterivores, fungivores, plant—parasites, and predators /
omnivores were significantly higher than the numbers in light and heavy grazing. Soil environmental factors also affect soil nematode
numbers, community diversity, and functional structure, such as soil water content, nutrients, and pH value. The density of soil nematodes
is highest under moderate grazing intensity, and the food web of the soil ecosystem is relatively stable, which is beneficial to the
maintenance of the alpine grassland ecosystem.

Keywords: grazing intensity; soil nematodes; biodiversity; Bayanbulak; arid region; community structure
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e FE R, R R AL PO R 2 1
T HRFAEAN G ST, LA G v me i B
HoB AL VDAL E R R AF — AR A A A R,
R T 2 S B AR A 1 BRI 2 P iR
Heze 5| L AR B 5 /KR RIRLRE S5 A A Py 1 o
R4k, BE i e of b A D P T 5 L 3 s
PR R AR b MR 2R U R M A 2 R
NEERR LY 2 — W AR S RS
BB EEIRE, a2 he 7E By b G
e Z A E IR FIAL, W FE AR N R G
P RESR Sl B AR O AL TR S LR T
HATE AT, ek M E SR 2
L X A IR B N e st e 7 SRR, 9B A PEAN R
R3S R G HOIR DU SRR 7R A= 0 TR RO
B AR 2N ARG L R R S R T T, R TSN
CaE B X SRR UV B TR A R T
] A R B S S A R TR I
FAN R L A B 2L U R . ST
SR SR I AR B S PR RIS
2 W TSP 580 2 394 VT AR AR, A A 2 e T ok 1 1 2k 1t
EYIRERAL ATRRE" . R H i e e
TRV X TECHACO R PR 107, ASBIFSONS T A1 65 o FE
SRR BE RO SR AU AL S PR IR R
PEATRSEI ST , 1 R TR JEE DRSS e SR T
TR LR R AR , AN OO ) o T e 3
RGBT 5 PR E 5 A 8 5 i JE
BRI AR B A A R G R R AR

1 MREFE

1.1 FAREXER
W5 XA Fopsm i B /R Big X B 5885500 B
Ve M A EL B N (820597 ~84°35 K, 42°40" ~43°00

N, ¥4 2 300~3 042 m, 4E 2 [ /K 273 mm, 451
-4.6 °C, J& T LB i) S FE S M . IRPEEE i
AR RIS BE R b, R i (Ha shm ™,
DIEEE T ) =R R & B +12 & B =1 Ui
/R TR X R 22 U 1] /365+V2 28 U ORI £
AT AR VA ZR IO [R]/365 CAcaR BE (LA -5 1)
A3 R B2 TP (0.65 - hm) | H R TR (2.09 H -
hm™) | HEE (415 2 - hm )M, BIF5E X 45 R
NI S
1.2 TIEHERE

TE =PI BEAE P A5 1 B 145 100 m K A9
28 TERFAAELR LA 20 m A FE AT —4~ 1 mx1 mAf
J5, BV SR AT SRR AL 15T o FERE
5 PN AT AR B o0 Bl RO RN 55 R TR A RE R AR A
Pk I DL A Sk a4 BT ) S 5 R )
FERET7 5 RN RN o328, 43 e R A5 4% ARl
FRECHE bAoA Py ik (B it ), BRI L LR 1. B
ANKE DT RAE 0~5.5~10.10~15.15~20 cm H120~25 cm
AR I K KR SRR LTINS
ASRAE S L HER A5G e DU 43 RO =R
mb L AT A B 480 RAEM 1A 13 vKAS VR e IR
T B E L i, L 0y A SRR A7 T S A
A BT 5 o
1.3 TEREEFNE

R4 e S 25 (R A2 A3 B 5 )™,
A HL BT (SOM) W 22 >R FH B 4% 1R B0 A1 i #8035 42
(TP) I R F ol B Eb 2072 5 4 0 (T 0 >R FH 2k
SO TG s 4 2 (TN I R FH v S8R — i PR T AL
s SR (AP ) 5 R FH Al R SV — B R SH B L 1L (2
s HACE (AK) W 2 SR A 2 TR 0 18 B0 1 R
(AN) I 5 SR 4 80k o 435 pH SR A pH 31 (PHS] -
4F, b S R 2= AR e A PR w1 E (1K Ee
1:5), BHES KR (SWC) R BT 64 T 5E o

x BEENERREEMEHMERFR

Table 1 Basic conditions of alpine grassland in Bayanbulak

j " . - H b it . o
PO R AR UEEDE kR 1
Grazing Geographical location Dominant plant gr Aboveground Height/cm  Soil moisture/% Coverage/%
intensity eographical locatio ominant plant group biomass/(g-m) eight/c oil moisture/% Coverage/%
BRI 84°31720"E,42°40' 38" N H 5. (Carex sp.) 530.00+27.37a  85.24+1.35a 196.8+12.58a 70
RO 84°31735"E,42°40753"N FeWi 3 (Potentilla serices) \JK 74 349.90+17.12b  18.75+0.33b  121.8+32.58b 90
(Triglochin palustre) E2AEET S (Stipa
purpurea Griseb.) \ 25 ( Festuca ovina )%

WA 84°31732"E,42°40"49"N KN (Leymus tianschnicus) 19.13+0.46¢ 17.80+0.05b  4.6+0.55¢ 7

T - [FIA [AlF BE 3R 25 5 .35 (P<0.05)

Note : Different letters in a column indicate significant difference (P<0.05 ).
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L4 TIRERBELDN

FRIBCA [] T30 BE N 3 BEAE 50 g, >R PGk
VR A0 1 — TR B0 U 1Y i SRR Uk AT R )
BN 3 AR 2 d RO A R T, R T SRR
100 5 T b rh 2k HU i e, B A BE AL 245 200
SRR AT R (A>T 200 25 0 43061 R L SR DG
WIS E , R U E 2 I SCHR[19-20], MR A2kt Y
HUCE > PEFN A= 5 S0 R A 2 A ) o3 Ry 4 B8 SR 260
YR 25 (Bacterivores ) , £ . [/ 2 (Fungivores) fE 1)
N (Plant—parasites) BB /2% 25 (Predators/Om-
nivores ) , J 15 3Lk AR AR SR AR

Shannon—Weiner ZFEPEFEE(H ) -

H=—2pi><lnpi (1)
Pielou ¥ 5] B850 () -

J=H/InS (2)
Simpson L EEFEEL(A)

x= Y (n/N) (3)
2k 3@ 18 $8 40 (Nematode channel ratio, NCR)
NCR=NR/(NR +NF) (4)
H H A 15 2 HUBAE 548 (Maturity index, M1) :
MI= V. %p, (5)

W) 2 A 25 2k HLU L A BE 48 %) (Plant parasite in-
dex, PPI):

PPI = (ZV,- xﬁ)/Np; (6)
Margalef =& FEHEEL(SR) -
SR=(S-1)/InN (7)

AP n S R IARE N O ETR A R A
AR N R B A P SR U s Ve B LT R
B s No MAEY) P A 2k S p AR A A R
JCHAE AT B A TE R AR ECRE A L5 S O 4
SEAPRFOGIECE Vo R SE A A TE R R AE A TS
TERE T A AN ) AR T SR A9 R T 1 e—p fHL(1~5) 5 f;
SR P A 2 A Rk B AN S BT R MR
1.5 #EE

LR BRI R N 100 ¢ T RS AL R
S0, R B DO R s 58 IR IS A 4 s 250 o ol
A 53 (%) kKR, R Excel 2016 AR #E1 7
Bl Ge T 5 A BE, P SPSS 24.0 B4 %)+ 338 pH £k it
B A B SRR L R AR AR B TR IR R
2253 BT (One—way ANOVA) FlIA &K J5 22 43 #T (Two—

http://'www.aed.org.cn

way ANOVA) , f#i | Origin 2018 4[4 , 3 fdi F§ CANO-
CO 5.0 %F -3 2k Hu R 7 45 1 A L S BRI D] 7 A AR OC
% (Redundancy analysis, RDA) #E17HEF .

2 HRESW

2.1 MR EX TS E TR m

AN RCHGRE T B2 1 2 U8B A3 Jin £ 345 5%
Ay BVR R TR R RO AL
AR AR AL AN OO R TR R UBOR
BE T (P<0.05) 3 52 B U 4 B0 e A 2 35 s T
P R JHCHORN 2 R T (P<0.05) , 31 RE Oy 385 4y
B AR EAIG T8 B ORI v B O . R O - 48 pH
I R e B O pH I AR AR BRI R
J5 25y W B, B0 B | 2 TR T LW 132
Y X - AT LT A B L R Al R A 2
AT 52 (P<0.05) , U0 BEXT pH | 4 Fl 4B
B 05200 1 2 UR R A 8 A TN pH 4
TR 4 TG B R (6 2) o
2.2 MHREX TS =M

A SR R R A A [ CBOR BE  E (R A A B
25 (P<0.05) , W& 1 s, 3Lk i 20 A 7E 0~5
em 12 Bl JEUREE ARG, 3R A B A
W FERERUBCT ,0~5 em T2 R AMA S
1 TR TCBORN B B TR (P<0.05) T 48 B JlC AR
T E S
2.3 MR XY Lk AR R R

ISR B A L R AT AL 1 698 4%, £k
AR 100 g T4 93 45,40 @ F 3281 38 )&
B2 B RO TP B IO 2R RO B R Ry B4R (Plec-

- HELR A (100 g T 4 APk iU AR
Individual density of soil nematode/(Individual per 100 g dry soil)
0 10 20 30 40 1200 1 600
T T T T f—

]
0~5 il

////////////////////1

ISP
PP PIPD
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1 TEERANMEEENEES T

Figure 1 Vertical distribution of individual density of

+JZ Soil layer/cm

soil nematodes
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Table 2 The influence of grazing intensity on soil environmental factors (Mean+standard error)

R TR AL g Ex el A U ¢ B
Soil depth/cm Grazing intensity pH SOM/(g-kg™") TN/(g-kg') TP/(g-kg') TK/(g-kg') AN/(mg-kg') AP/(mg-kg') AK/(mg-kg")
0~5 R 7.59+0.09b  196.10£1.40b  2.69+0.34a 0.33x0.02b 6.49+0.95a 114.69+28.47a 25.46+0.20b 130.70+14.23b
RO 7.7120.13b  293.47#2.66a  4.08£1.06a  0.66£0.02a 3.74x0.33b  58.09+23.75ab 87.94x15.24a 402.87+42.01a
FIEM 8.72#0.15a  6.58+0.78¢  0.30£0.05b 0.2620.05b 3.29+0.39b  3.99£0.90b  3.89+0.38b  59.13+1.77h
5~10 IR 7.8320.19a  197.46217.89a  3.31x0.79a 0.34:0.01b  7.38+0.61a  114.29+7.67a  8.33x1.08a  102.43+4.43b
RO 7.7520.06a  237.36+11.75a  3.55#0.11a  0.54%0.05a 4.33x0.25b  66.43+12.53b  16.64+4.99a  130.70+3.19a
I 8.33:034a  8.33+1.07b  0.40£0.09h 0.24:0.03¢  3.6x0.34b  5.16x0.90c  12.04+3.44a  65.37+4.67c
10~15 IR 7.71£0.13b  199.62+23.93a  3.13+0.46a  0.37+0.02b  7.48+1.23a  35.62+4.63a  8.19+0.94ab  121.87+11.94a
FREEREA 8.7240.15a 209.06+3.3a  2.35+0.25a  0.58+0.04a 4.31+0.54b  8.70+0.90b  16.06+3.70a  106.00+14.02a
UM 7.83:0.19b  6.37+1.21b  0.52+0.16b 0.29£0.04b 3.03x0.27b  4.73+0.47b  5.76+1.14b  64.47+3.18b
15~20 IR 7.83£0.38b  198.55+3.68a  3.43+0.86a 0.37+0.06b 7.69%1.67a  27.45x0.71b  8.56%0.62a  94.47+4.67a
PR 8.10£0.21ab 187.53+18.43a  3.0840.41a  0.59+0.04a 6.14£0.72ab  66.16+10.06a  11.48+1.37a  105.10+3.19a
TR 8.88+0.10a  5.94+0.52b  0.29+0.04b 0.28+0.04b 2.77+0.25b  1.74+0.25¢  2.7320.36b  63.57+2.67b
20~25 BREEHUK 8.08+0.32a 214.95+11.59a  1.774#0.60a 0.39+0.06a 7.44+1.28a  29.37+4.20a  2.32+0.43b  94.50+15.62a
PEERCH 8.09+0.31a  133.64+16.23b  1.34+0.14ab 0.45+0.03a 7.51+0.47a  26.71x1.26a  5.04+0.87a  75.07+6.18a
WA 8.79+0.13a  7.36+1.51c 0.44+0.05b  0.24+0.03b 3.10+0.15b  2.08+0.42b  3.04+0.52ab  67.10+4.91a
TRRE FHR5: 1.47 7.78 3.30 1.93 1.69 12.09 31.04 38.82
PAi >0.05 <0.05 <0.05 >0.05 >0.05 <0.05 <0.05 <0.05
O B FHRG 23.99 553.84 44.06 93.85 36.28 41.71 34.16 69.28
P <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
L HAEA FAE 0.49 10.92 1.79 1.78 1.52 6.03 17.01 31.69
PiH >0.05 <0.05 <0.05 >0.05 >0.05 <0.05 <0.05 <0.05

T8« [Al— 1 JZ AN TR U e 2 18] 22 57 2. 2% (P<0.05)

Note : Different letters in the same layer represent significant differences among grazing intensities (P<0.05).

tus) , B 28 )& (Prodorylamus ) , 5 5 & i HOIc L [ 4G
g (FK3),

B 0~25 em 2 HE 3 B 15 5] 4 HE2E 1 80
&, RS EE100 g T4 17 45, BRI T5 55,5
J&F 138, Hrp 2k g B MR (Hirschmanniella) A
XL @E ARG, 43 ) R R AR R R
29.33%.17.33%.18.67%. .3k ' J& (Eucephalobus)
FEN0JENH WA, 5 A B AR RSB 34.67% 5 A
RIFEA S o

HORE I 0~25 em 2 J2 3R B 45 B £ AL
1427 46 , MRS 45 100 g T 1249 45, B gk
654 %%, v T 22 )8 . Hh Lk i s Hhor
J& (Mesodorylaimus ) R A& , 5351 &5 7% th 4 LA
1K BB 22.32% . 20.18% , 22.78% ; 1 52 £k J& (Ana-
plectus) 55 7 J& Jw WE , 5 T A E M A KB
29.19% ; /NF (Rhabditis) 55 12 J@ M A&, A B
AR B 5.53%

TR 0~25 em 25 B 15 5] - 54 191

RSB R 100 g T4 14 45 S £ 170 5%,
e T 268 o H Al R & (Acrobeles) F i 7 2k )&
(Microdorylaimus ) R LR , 5350 i BETE vh £k BAMA
BB 17.06% . 25.29% 5 552k J& (Anaplectus) 55 19
J& h o WA o A 2R 54.70% 5 Dh AR U]
(Nothotylenchus) %5 5 J& Ry A & , of BT A 04 5
11 2.95%.,

25 AT AN TR B 2 i) 2L 2 A 6 v e
T A HELR VR SRR, RO BN 2 T 3L
LR AR B D RN . AN RO
T, R R A A A — E 25 R

ML 2 = Bl iR T 4 MBS SR o0 A ] LA
A B R URBE AR N, B LRt SRR T
7 F & A — s 1 AR . FERR B CHGER E R L 0~5 em
TR A L R e T A 1 20~
25 em T2 R YA AR SR R e | T A £
25 R UBOREHL 5~10 em T2 PR E L R B
FLH Lk BRI ) 25 A 2 R i 8 R T 0~
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Table 3 Composition of soil nematode community and ¢—p value of nutrient group

e B BE AR Light grazing P AL Moderate grazing T A Heavy grazing
f;f‘gfp Gis P oMoE HAL HHE B "L HHE K B PRI
Number Percentage/% Dominance Number Percentage/% Dominance Number Percentage/% Dominance
feE A ES 26 30 40.00 245 37.46 60 35.34
Bacterivores 1% Rhabdiris 1 2 0.31 +
"PAFE Mesorhabditis 1 4 0.61 +
ALELR )& Anaplectus 2 24 3.67 ++ 2 1.18 ++
Skt J& Cephalobus 2 5 2.94 ++
FFIA & Rhabdolaimus 3 3 0.46 +
IR 58 J@ Acrobeloides 2 6 0.92 + 8 4.71 ++
TN 28 J& Acrobeles 2 29 17.06 e+
B3k & Eucephalobus 2 7 9.33 ++ 60 9.17 ++ 10 5.88 ++
LeZR ) Plectus 2 22 29.33 +H+ 146 22.32 +H+ 2 1.18 ++
T & Microlaimus 2 2 1.18 ++
i% 8 J& Chronogaster 3 1 1.33 ++
R4 J& Bathyodontus 4 2 1.21 ++
BHEEE 5 1 1.33 15 2.29 3 1.76
Fungivores w771 1% Aphelenchoides 2 15 229 - 3 1.76 .
Y1145 )& Leptolaimus 3 1 1.33 ++
[i-t7/Eaee S 28 20 26.67 77 11.78 38 2235
Plant="" GI 38 T1J& Malenchus 2 1 133 - 3 0.46 + 5 2.94 .
parasties 22 RIIIJE Filenchus 2 1 1.33 ++ 6 0.92 + 7 4.12 ++
{H48 I & Nothotylenchus 2 2 2.67 + 2 0.31 + 1 0.59 +
1)@ Paratylenchus 2 16 9.41 ++
SRR Pratylenchus 3 1 0.15 + 4 2.35 ++
TR IR Hirschmanniella 3 13 17.33 - 2 0.31 +
W2ié J& Helicotylenchus 3 15 2.29 ++ 1 0.59 +
FEEJE Rotylenchus 3 48 7.34 ++ 3 1.76 ++
SZAL)E Tylenchorhynchus 3 1 0.59 +
MREEL R Meloidogyne 5 3 4.00 ++
NV e 60 24 32.00 317 48.47 69 40.58
S:ijvtz:i SO )& Achromadora 3 2 2.67 ++
HIF 288 Prodorylamus 4 14 18.67 — 132 20.18 — 3 1.76 ++
th P28 Mesodorylaimus 4 7 9.33 ++ 149 22.78 — 3 1.76 ++
P48 Eudorylaimus 4 17 2.6 ++ 5 2.94 ++
K28 & Dorylaimus 4 2 0.31 +
22 ))& Oxydirus 4 2 0.31 +
PAYT & Mononchus 4 12 1.83 ++
WP 288 Microdorylaimus 4 3 0.46 + 43 25.29 -
% JEJ& Thornia 4 1 0.59 +
& Nygolaimus 5 5 2.94 ++
FLWAJ& Aporcelaimus 5 2 1.18 ++
il & Carcharolaimus 5 6 3.53 ++
FLWA & Discolaimus 5 1 0.59 +
SR JE Paractinolaimus 5 1 1.33 ++

T o RA RIS DB E 20 H)>10% , P38 5 ++: 1%<RA<10%,  ILJE 5 +: RA<1% , i ) -
Note : +++: RA(Nematodes percentage of the total )>10% , dominant genera;++: 1%<RA<10% , common genera;+: RA<10% ,rare genera.
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Figure 2 Spatiotemporal distribution of different nutrient groups in soil nematode community

R4 TBEEHBEELESEN

Table 4 Ecological index of soil nematode community

o— - -
0~5 R UK 1.3120.18 0.9120.05a 0.69+0.04 1.3920.29 3.15+0.81 4.11%0.16a 1.00=0.00
Hh IO 1.92+0.22 0.7420.05h 0.81x0.04 1.8820.24 3.15£0.12 2.94+0.09h 0.98+0.01
ENESIT 1.59+0.47 0.89+0.06a 0.73£0.12 2.4620.68 2.89+0.64 2.70+0.43b 0.92+0.12
5~10 RO 0.64=0.07h 0.83+0.24 0.42+0.11b  0.90+0.18b  2.06+0.08b 3.000.00a 1.00+0.00
HhRE IO 1.2120.47ab  0.98+0.03 0.66=0.13ab  1.4120.57b  2.54x0.4lab  2.670.47h 0.89+0.16
R 1.6520.18a 0.91x0.08 0.7720.05a 2.92+0.41a 3.37+0.44a  2.22+031b 1.00+0.00
10~15 LEERIEe 1.24+0.20 0.95+0.07 0.69+0.03 1.97+0.61ab 2.69+0.27 3.17+0.24a 0.83+0.24
Hh RE IO 1.04+0.28 0.94+0.06 0.6120.08 1.22+0.36b 2.56+0.42 2.23+0.21b 0.83+0.24
T 1.47+0.60 0.92+0.04 0.70+0.18 2.74+0.70a 2.63+0.47 2.00+0.00b 0.86+0.14
15~20 RO 0.94+0.18b 0.98+0.03 0.47+0.17 1.2420.24b  2.00+0.00b 2.50+0.41 1.00+0.00
Hh RS O 1.46+0.07a 0.95+0.05 0.75+0.02 1.83+0.42ab  2.88+0.38a 2.67+0.47 0.67+0.24
i B O 1.32+¢0.27ab  0.91+0.06 0.69+0.08 2.12+0.36a 2.78+0.31a 2.57+0.33 1.00+0.00

20~25 RO 0.60+0.45 1.00+0.00 0.39+0.28h 1.12+0.44 2.33+1.70 2.67+0.47ab <0.01b
Hh R O 0.96+0.19 1.00+0.00 0.61+0.08a 1.12+0.45 2.33+0.47 3.00+0.00a 0.83+0.24a
ENESIT 0.97+0.20 0.93+0.07 0.58+0.06b 1.12+0.46 2.33+1.25 2.11+0.16b 1.00+0.00a

1 [l — RS R R B8R 3 1) 25 573 i 25 (P<0.05) s TohRvE /R 0 i 3k 25 5 (P>0.05) o

Note: Different letters represent significant differences among grazing intensities in the same soil layer (P<0.05) , and no significant difference are

unmarked(P>0.05).
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Table 5 Correlation analysis between soil nematode community characteristic index and soil environmental factors (r)

HBFEHL Ecological index pH SWC SOM AK AP AN TN TK P
N -0.21 0.19 0.40%% 0.927%% 0.93%* 0.10 0.41%% -0.17 0.497%%
H 0.06 -0.28 -0.17 0.32% 0.427% -0.15 -0.00 —0.41%% 0.06
J -0.04 -0.07 -0.01 ~0.41% ~0.44% -0.20 -0.12 0.35% -0.03
A 0.14 -0.32% -0.19 0.21 0.30%* -0.13 -0.07 -0.39%* 0.00
SR 0.30* -0.63% —0.57%* -0.15 -0.05 —0.42%% —0.47%% -0.31% -0.29
M 0.26 -0.13 -0.15 0.12 0.22 -0.02 -0.08 -0.34% -0.15
PPI -0.45% 0.53#% 0.38* 0.19 0.15 0.72% 0.38* 0.44%% 0.02
NCR 0.14 -0.23 -0.22 0.08 0.20 0.07 0.04 -0.03* -0.10

1 AR G (P<0.01) 5 #3678 W35 A0 6 (P<0.05) o

Notes : ** indicates an extremely significant correlation(P<0.01) ; * indicates a significant correlation (P<0.05).
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