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FE A T NS S FEE B X 3 Fas 29 L [ HOR R X L ( Caragana tibetica) \FEBEAR 34 L ( C. roborovskyi ) F14% M-85 4 )L
(C. stenophylla) ] #EMN Hb1- 3L BBV ZZHE1E 2 ORI 32 , LA BAE G 04 - SR BEAL PSS FOAE W) R VR P AE , B AE TR ITHR XS
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Effects of Caragana shrub encroachment on soil nematode community

composition and metabolic footprints in steppe desert region

ZHAO Fang, ZHANG Mingwei, WANG Chunwen, MEI Xufang, XIE Lina“, MA Chengcang
Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences, Tianjin Normal University, Tianjin 300387, China

Abstract: Woody encroachment has become a common phenomenon in arid and semi-arid grassland worldwide. Soil
nematodes are important in promoting organic matter decomposition and nutrient cycling. Although the effects of shrubs on
species diversity and functional indices of soil nematode communities have been well studied, the effects of shrubs on the
functional diversity, phylogenetic diversity, and metabolic footprint of soil nematode communities are still not well
understood. Environmental factors affecting nematode community composition at functional group level and interspecific
differences in the effects of shrubs on nematode community composition remain unclear. In this study, we investigated the
diversity, composition and metabolic footprint of soil nematode communities, as well as the associated soil physicochemical
properties and plant community characteristics outside and inside canopies of three Caragana shrub species ( Caragana
tibetica, C. roborovskyi and C. stenophylla) in the Inner Mongolia. We aimed to examine the effects of shrubs on soil

nematode communities, analyze whether such effects are species specific, and explore how shrubs affect the nematode
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community composition through environmental factors at nematode functional group level. Our results showed that Caragana
shrubs had no significant effects on nematode abundance, richness and diversity, but significantly altered nematode
community composition. The possible reasons were that Caragana shrubs had selective effect on nematode species, the
effects of shrubs on nematode communities were likely mainly through root exudates, litter quality and other factors, not
through soil physicochemical properties and understory plants. The changes in nematode composition led to significant
changes in nematode community metabolic footprint. The functional metabolic footprint of nematode community under shrub
canopies was higher than that in the open areas ( except for C. stenophylla) , indicating that soil nematode communities
under shrub canopies had higher carbon use efficiency. Among the three Caragana species, C. stenophylla had highest
structural footprint, suggesting that it had the strongest facilitation effects on the metabolic footprint of omnivores—predators.
The changes in nematode community composition led to the significant changes in soil food web structure through nematode
metabolic footprint. The soil nutrient status of C. stenophylla was better with lower disturbance level, and the soil food web
was more mature and stable; the soil nutrient status of C. tibetica and C. roborovskyi was moderate with higher disturbance
level, and the soil food web tended to degrade. In conclusion, Caragana shrubs altered soil nematode community
composition and structure, and such changes were shrub species dependent. Changes in nematode composition caused shifts

in metabolic footprints, which further led to variation in soil food web structures.

Key Words: Caragana; metabolic footprint; nematode cp groups; nematode trophic groups; functional groups

HEMMEIEAE AR Y3 G B A D s B A B4 . AR, i T R A AR A Ao B i e 55 TR
(RS, 4R i DX AR R Gt ot ety s 1 i ELVEE A ke Al B TR A L PN SR o e R D A v A
B\ 22— R EIC T EE R B RO" XA SRR, (2, LIS LS ( Caragana ) BEAH T HIHENY 3% H
FEIBCA B X R B T A S v VHE A P S K R R AR Sy, I X AR R R R
JE A R R R PR A IR AN, WA R A R (AL SRR RS R SRR ) B
CERTE S R

ISR R RS Y A ), A AT IR R Y R h 2B SR, SR A DL A SR
OIEEA AT BT e AR A IR S R T AR AR 5 Z BIE AR AR RS mT RGO T AT Lk B 1Y
5T FEAR P EXT 2R I RE IR B g U R YR 2R, O b AR 2R AR Y R 2
P IREZ MR R G LB 2R =AERE . SYR SRR L DhREZ R R G R B SRRk A
PEIIAL AVEZ 2B BRI, SETFHEART R VA DI RE SRR R R L & & 2 FEIE 0 B Mk Sk
Mz,

ZAETEFR BRI REFR B R AR IR Y S5 F D RE PP TSR {a BROIR A A RE b (HE AT T2
TSRS LR AT L 9 1) it | | T 25 i 3 - R 2k o iy o X6 5, DA TGS BORS EE AS [R] 19 g s e v T
AEEA HATR Y T N EERG Y S, Ferris 76 2010 4E5 H 2% s AR5 2 5051 i ek sl (g ke A Qi it A, B
DAL A Wy s AN e e o B i A R A RS PR AN SR B T fE . 2 AU R i A SR R A S R
GEUIRE M STRRER AL TR R IR A DG AR T RIS T IR 32 300G, E AT R AR R
K, W T R B R R R A R g AR A 8 B Ak, DT A SR K ST IR 5
B, I BTN [ R A A RE A AT 2 B AR 2 375 14 5 0 B 48 7s 9 A B2 I - 32 URE V& A B

TR T (MR EE o pH AT HLBTSE ) FIAE P BV R AE (RE AP 28 2 0E 0 A 55 ) WOk 2 52 1 18
LML M EZERNR . BB BT R R B IR cp FBE R R KT BRI
SO A L 2H RN ZE A IR R R . WESE R ] A A A e B R i B e B iy 2 B AR )
P2 RESTE 2R PR A HE AT 0™ 5 £ 240 DA 2 eh R B L PR 4 ORGS0 sl o f A G R AT
A28 VR 24 B2 AR R 5 A P A R R A A R U AR DK FL A I o SR s R A
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SEA, TT DA G- S 38 £ IR S SRR (e 1 20 R AT RE I K - 45 5 i B 4 I PR B PR T
AE SE 4 AR 7 THE AR I+ S ) R A B

LR B AL AR (B IR ISHE op ZERERIRRIARNE ) LA KOO BREE im0 5 b AR A DG i an v s
PR A 3 P ALY R IR IR A A B S BRI E WA IR N ELE
( Tylenchorhynchus ) U2 Wi J& ( Helicotylenchus ) , 155 L1185 5 BE V% WA 3@ i 3K J& ( Tylencholaimus ) F1E AL J&
( Tylenchorhynchus) , Wi At 25 FERETS AL 2B R BE£A1 B I8 ( Cervidellus ) F122 B 4T & ( Filenchus ) , b 5 B HE
V& cp3 ZEREIY AR B B X 22 B 3401 1 v LU SRR RS op SR IR e LU s BB 5 I U e
(REA) M BT A D2 it R 75 A 2ty B ity 3 8 14 b 2 v Al [ RO ol ( bl ) 27 5 5 30 n 1 4
WREAE B IR G I IR A AR 28 BRI M B RS M 2 (H B B AR T B R IR & 1 5%
TR E BRI Z R B, S T S 1% B o A - 182 AT 20 I 5 ) | 53 78 9 2%
T Lcp ZETELL BRI R B 2 HUFETE DA PN Ab S AR T[] 114 26 S B S ma L) 28 DG E 2

TV T 5 AR AEN S i B R AL T X8 3 AP i L@ HEARK—HOREE XS )L ( Caragana tibetica) |
TEIRER XS L ( C. roborovskyi) FIEEMF XS IL( C. stenophylla) , VAT T HENIN AP 4 2k O FETE 2R PE | 2H RS RN
AR, DA RGBS AR ) RV AR i, 0 B X L VDA T e 2k i s ¥y s il | [m] s 7 2k ot
REATACY o U N LI B AN S AR AE R R AN R K R, XA LU RLA )L (1) 9
PABN[ 52 - LR TR 2R AL RURNEE R 7 (2) X FR S MR S EAA R ] 25 520 (3) ME N G s ik
AR R AN AR R S i - R R T 2

1 M5 T®

1.1 W XA

WFFE AR LT A S B XS R 20 PE RS se O BB (38°17" N, 106°42" E, 4K 1800 m) , %
by DX T R SR ST DX, R R A A A UKD R R0 FT  H IR FEE ZE SRy TR A, AR
i 222 mm, FEENTE 4—9 J AFEHFE K 2359 mm, 2RI 8 5L L 4F H RIS E 3000 h Z247, 4R 1S
it 7.0°C AERITERRI 129 d, M XA ERG B  — , 2 ZALHREAR Ty HORIRXG L (C. vibetica) Fie BEHRAG L
( C. roborovskyi) F1 B 43 38 JL ( C. stenophylla) ; F B FL AR K W) A Vb 4 1 5 (Stipa glareosa ) . To 15 Fa ¥ &
( Cleistogenes songorica ) FIFI V3% ( Salsola ruthenica) .
1.2 W07
1.2.1 FEACRE

T 2016 4F 7 F AEWFSE Hb 8 O B 2B BT B E MR AR Sy SE A b, AEAE b N — A S A A
ARBRXG L T TSR3 LA 3G JLFE A RAETT (100 mx 100 m) 477 A6 ST 3 2% 1 S AR — S0 HOpR B 2
U e TR AG JLFIPEI H7 38 JLEE A 3 BRAE AR TR I AERR N L 50 emx50 em /IMEDT /MR DT 62 T DA
TR OALE (HEAAN) | TR TERE D7 N R A4 3 A A5, BB [RIAE RN/ INEE DT (REDABE ), T DR TE A SRS
FETTPEBSHEINGN % 2 m DL by PR/ MR DT, 1 S0 B IO E MR R B8, SR /R DT N B AS R b 26
2 IR B 53 a7 TS0 50 % T 65°C it 2 fu d I S 0y LB BE NI A K ) A= it W], 40
BIRFEERTTH 0—10 cm Al 10—20 em FJZ 9 HHERE i s )2 HARIR G251 R B 300 SERCA A E4%,4°C RAF
T A6 3 A AR — A S 2 T A AU A B A, — A T A S B BT A I E
122 LA ESEE

LR ) 43 B R BOR HICR 19 Baermann 3512 o ARGy 2R 5L 20 o fF + 53R LR e Sy B
6] 24 h, H TAF [ 8 ( = S B — 4 7R B AR 2 W) T PR AF e ol o AR v 1 -3 sh e 2R 1 28 ) 2
(LR 42425 ) ) I De Nematoden van Nederland) 2" 75 52 B U5 T 46 B , IF10 f N @ 4k s,
S T ISR A P ) R UEUIR T 100 A%, W AR e 2R 2T 100 2f, WIBEHLAHIBCH Y 100 A53E4T
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YE o WHEA/PFEITN 0—10 em F1 10—20 em P BAEGETHEEE S5 R G IFRIR 0—20 em ML RUECER RFAE
Pyb o B LA 40 seff H AR ECEROR R 2 A 100 g b (S KRR b LR AUy
MIEERTR

1.2.3 ORI e

TIEE KR BT A HLTUR B TR N A s A EURN B 2 AR I B0 03 B {303 5 AU e
FHBRIR AN B - R B BT L 5,72 5 3 809 R T I R B 2 912 — SO DG 2 %5 pHL BRI K IR B HL A 76 (OK L I
2.5:1) s AR DK £ 5:1 2425 DDS—LLa BURL S 0 A/ METT I 0—10 em F110—20 em 7
A EREE I E R 0—20 em By - HEEIEMER
1.3 Haibpt
1.3.1  HHRZRHUE IR

(1) ZHRMEIREC R YR ZHEE DIREZFEE R R G T ZHEE 3 AR LI IR 1 2 HEE

YIFp A 3L i 2 (R NMAREL) T E (WA EL) AN Shannon-Wiener $8 8037 .

Shannon-Wiener 54X . H = - 2 P.(InP;)

K, PRRBEIE SR © RN BB A S e ]

TIREZ AR NI BE F- 8 BE (FRic) R, BT 3 FvIRA I i) o3 O [ i D RESE A . (D FR 58
FRA - HELE R A PERRAE T A S5 F R & 1545, Yeates 26 B 2 st 4 hy 8 A HCE 28, Hoh 2 40
M B ERIHE MY A A R B A R DI AE SRS 4 D FEE IR Qep KM MRS LI
2 U 75 SR IR R 2 ORI A - X 3R ) K-XF SR I 1 5 1 ep (colonizer-persister ) 258, cpl 3] cp5, HiH epl
KRR HA o XPRH  ep 5 FHE IR KX HEE 0 s QL HAMAE Wi (ng) <R & v BT R 735 A 4
i, DR E (B YE ep, R H ) ¥ M Nematode Ecophysiological Parameter ( http ://nemaplex.ucdavis.
edu) B8 FE PR . ThREZAEMR A R 844 “FD” BIF AT,

RGKE ZFEERIE T AW S E A L U KRS8, FIH] Open Tree of Life (OTL) #5. RELL B,
RERAHERGE LT ALK, MRELBTLZHEMERE. REKTZHERM R B “rotl”  “ape” il
“picante” IR n= A

(2) g2l dUSCEAEEFR B R T L H A T 2 S EE FE ER (M) R ) 2 AE 2 U A B R H (PPY) PPN -
L HORH A LI Bl i R

I H AR TR HU A B AR R MI =Y v(i) % f(i)
FE ) 2 AR 2 L R HE AR PPI = Y v(i) x [ (i)

A, w() AR L cp (H/(0) A A BAENLE (N EEMELR) f H R A S LR S50 T
Blsf (i) RS St 27 A 2ol Al ) 2 AR ek B e g
1.3.2 IR AU M

I A A E IR Y op JERFRIARIR IR 22 8 I W 2k BRI 2H BURRAE | O IR B 2 R 23 #1125 ( Non-
metric multidimensional scaling, NMDS ; & Bray-Curtis #H5% 2 50) K H2H il vl #0AL | B 3 i 7% 2 R it A 1L
NMDS K] PAST3 {4 E47
1.3.3 B AU Ll

R« 2k B9 & Z A5 B RS0 (hitp :// plpnemweb.ucdavis. edu/nemaplex ) /12 Z851) H 1) 25 S HE LR U AR
Yo (8 W) AL RS 2,

2 AR . NMF = Y (N, x (0.1 x (W,/m,) + 0.273(W,*”)))
N, WA m, o3l 3RR ¢ e RS BEEH ep

AR 8 TR A T A H A | B 2 A T AR A A 2 s AR 0 A
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B2k AR IS 7R AR B IR G B A A R S i B R

FR L O A 1 L SR TR SRR I G5 AC E a FnD REA G R, B AR A A g A A R
T 90 S5 WA I 75 7 2 RN 7 SR R BB AR R > D REAR I A 0 S i 2 1 Qo Je 28 R 4 4 R
ST R TR, B (FsxFe) /2, Jz W+ 38 2 X 4 PN AR AR A 0 BE 7, D RE L 3 Bk, s ek ikt + 38
1) 0 45 B D RS, , WA 12 S Tl 1 2 A R P 4 R
1.3.4 I RIX RHT

VL RS 1) & AR A8 5 (EL) FNZ5 P85 (S1) , 455 EL A SL A8 EGHATE X R 00, 174 LY
W ) 2548 5 D REAS 1k, T PE A L 38 1y T S 50 % ey 1o R S IR 2

ERY kg SI = 100x[ s/ (s+b) ]

AR EI = 100x[ e/(e+b) ]
Ao b AREEY W SRR, FEHE op (H4 2 M EIEZ A LA e (AR EWM b 4K
57, FEAR cp (HA | BRI cp (E2H 2 BB L A ;s AR EW W A iS58 153, 45 cp3-5 8
AL EEEE R EAEgR

MRYETHHE Y Fe A1 Fs, 76 A B.C.D 4 MR LIZETE KB 7 X e H I AR AL, 22T e Ak
Frol(SI, EL) 4 NT0 S A AR AR 235 4 (SI-0.5Fs/k, EI) ((SI+0.5Fs/k, EI) ((SI, EI- 0.5Fe/k) Fl(SI, EI+0.5
Fe/k) . Hrk WFARE L FLL 0.5 20 Tl Fs Fl Fe BEFIZEH AR AL (ST, ED) XFFRIM . MRIRIEE 4 1
ABTR R BT B 220 DX TR AR 2 e i) DR A FE 308 . 220 B Al AN N 2k g o) %ok R 2 R B2 AT LA S Fs
Fl Fe IARRXT RN 2522 TE R ONT A G %) FRUBE R TRt 4 ]S B Fs KT Fes JRZIRR . HZHIX R
PATE A GPRET, R T IEIREE 2 T IR R4 5 s 7F B B2 BRI, 32 0 -39 32 AR 0 e e it EL A2 TR R EE 550N
Y NEEE B TE C RIRAT, R W 2 T AR RN, B ML T A5 AR 76 D BRI, R 15857
FHRE R, SRR L
1.3.5 Lk duy itk

DA A 3 4 R S RS M A R SR T A 8 R A 40 TR T 4 3 2R AU 35 /R (A (Indicator
value; IndVal) , Jfl i IndVal B HE AL B LY A (P i 5 A AE R AERE A P BE AR ) FEE A TE 1R PR
Y (PR AEREN P FIE AR AT A=) o B0 SR IndVal 1B KT 0.6, WA K iz 9 2 0 Dk B W b, 5 00 Ky
HENAEZEBENE YA VEA N IndVal (KT 0.6, HHENEBEEDIFN , HESD IndVal H KT 0.6, AHEN T IEEEY)
Tl SRS, T VE DA IE BE B 4 A R R SR R Rl S SRR E 4 e, W9 FR IndVal fHoRH R AR
“labdsv” FEFITE,
1.4 ST

KA IBM SPSS 19 $1 A4, 38 2 B PR 2R Ty 25 70 A ks 3 B S LI T AT £ F8 A w2 il 1) J8 3544 , 37 Duncan K
I 2 8 e, ST AR o Ke 50 4 BT iE A FITEE NS 22 57 . SR ANOSIM A6 504 XS L S JE DA X 26 A B v
ZH R M ) 3 25 P, ANOSIM 4347 R F R 84 vegan” BRF 401517, SR Mantel tests 43477 384k HORE T 2H Al
S5 R T BYAH I, Mantel tests S FH R 4 vegan” B2 P 154 T,

R B I8, R i =3 8 75 308 o 200 PR 3 | R 3 T AR B A S I At R RE i T £
REfE

o
~

2 HREHS

21 THEAMQZEM&EREHZE

HORERAG LIS B 1 LR 1l 208 25/100 g T4, 17 A FP SRIE T2 493 H 8 B 17 Ji, fi#m 3k
3 )&, AE N2 JE (Acrobeles) \HUTN 2 J& (Acrobeloides ) F1 EL ¥ 71 J& (Aphelenchus ) , 5 - HELR B BB 63.45%
(1) FETHERXG LUEMIL /B 32k 1R 247 457100 ¢ T4, 21 MR B T2 4903 H 10 B 21 J&, 8
I3 & AUFE I R JE (Acrobeles ) LT 28 J& ( Acrobeloides ) F1 L 7] J& ( Aphelenchus ) , 5 348 HUEELIY) 76.08%
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(1) s BRem BN JLHE AL A3 s 3984 0h 162 £5/100 ¢ T 17 ARl SRIB T 2 493 H 9 BH 17 &, fh#JE L 3
J& , BRI 2 & (Acrobeles ) JUNN2EJ& (Acrobeloides ) X 28 J& ( Eudorylaimus ) , 5 T 38LE R RS KL) 54.47% (£ 1) .
3 FhEE LI HE N 3R S 2 AR & NN AN TE B 35 25 57 R RIEAF Z [ e B 5 225 (£ 1),

F1 3MBBILEENNIINTBEREZTE(JE/100g T ) MEE (/100 T1)
Table 1 The richness ( genera/100g dry soil) and abundance (individual/100g dry soil) of soil nematode genera outside and inside three Caragana

shrub canopies

HIRER B4 cpfl  HBREAGIL TG L Bent-#3 )L I
Trophic Groups Genus ep value  C. tibetica C. roboroushyi C. stenophylla Outside shrub
BF Z %8 Acrobeles 2 50.33+6.06ab' 104.6729.06a'™  26.00+7.37b' 42.67+7.881
Abundance of BF I RJE Acrobeloides 2 26.67+0.88a'" 32.67+20.63a' 36.00+9.71a' 27.00+6.66

B8 Eucephalobus 2 1.001.00a’ 1.00+1.00a’ 0a 0

WUBJE Chiloplacus 2 8.33x4.41a" 0a 2.67+1.45a" 1.00+1.00°

WURITE Wilsonema 2 0a 1.00+1.00a’ 0a 1.001.00'

SkIJE Cephalobus 2 0a 3.67+2.33a’ 0a 0

FEFIEIE Cervidellus 2 0a 0a 0a 1.67+1.67"

KA Total 86.33+5.70a 143+50.02a 64.67£17.64a 73.33£13.09
FF 2% 1 71J& Aphelenchoides 2 8.33+4.41al 1.67+1.67a 17.00+10.54a’ 6.00+3.06'
Abundance of FF EL¥ T1J@ Aphelenchus 2 52.67+15.88a'" 51.00£12.42a" 3.33+1.67b" 13.67+8.09'

th#T)J& Nothotylenchus 2 2.00+1.00a 1.00+1.00a 5.00+5.00a’" 1.001.00°

22 R I] & Filenchus 2 1.00+1.00b' 1.00+1.00b' 5.33=1.45a % 1 0

A1t Total 64+12.292* 54.67+12.35a 30.67+13.86a 20.67+9.21

PP 2 WX J& Psilenchus 2 0a 1.00+1.00a' 0a 0
Abundance of PP HIVJE Tylenchus 2 0a 1.67+1.67a 0a 0

BUAIE Boleodorus 2 2.67+2.67a" 0a 2.00+1.00a" 1.00+1.00°

HLIENE Rotylenchus 3 5.00+5.00a’" 7.00+3.79a" 0a 7.003.06"

KATVIE Tetylenchus 3 15.33+9.60a" 1.00+1.00a 13.67+8.29a 12.67+7.67"

SEALIE Tylenchorhynchus 3 11.67+6.67a" 3.33+1.67a" 9.33+2.33a 24.33+10.591

YRN8 Helicotylenchus 3 0a 1.00+1.00a 0a 1.67+1.671

S IRJE Pratylenchus 3 0a 2.67+1.4541 0a 6.00+3.79"

BRI Hirschmanniella 3 0a 1.00+1.00a' 0a 0

K&t Longidorus 5 0a 0a 1.0021.00a' 0

43R )& Avonchium 5 0a 0a 1.67+1.67a" 0

KA Total 34.67£23.47a 18.6726.36a 27.67+10.99a 52.67+13.30
OpP ZJ WRJBJE Thorneella 4 0a 0a 0a 1.00+1.00°
Abundance of OP SRR Discolaimus 4 5.33+3.93a" 4.67+1.67a" 3.33+3.33a" 0

HIE8 Eudorylaimus 4 10.67+4.26h " 10.3323.93b" 25.33%4.332"" 23.67+14.851

ZJEJ& Thornia 4 2.67+1.45h" 12.67+3.93a" 4.33+0.67ab" 7.00+2.08"

HLEIE Labronema 4 2.00+1.00a 0a 3.67+2.33a" 0

FLURJE Aporcelaimus 5 2.67+1.45a" 2.67+2.67a 2.00+1.00a" 1.00+1.00°

KBEATT Total 23.33+4.67a 30.33+2.33a 38.67+9.39a 32.67£16.51
EEBE Richness 11.67+1.76a 12.33+1.67a 12.67+0.33a 11.67+0.67
SZ % Abundance 208.33+16.42a 246.67+42.56a 161.67+37.2a 179.33+37.56

BF: B 4NTE2 Bacterial feeders; FF: £ B ISZ . Fungal feeders; PP 4 % 28 Plant-parasites; OP : i 2% 2% Omnivores-predators ; iii ; JE 3 J& , > 10% ;i ; % Il

B, 19%—10%;1: T A8, <1%;0. R HI; « FORBENATEAINER B E (t-test, P < 0.05) ; AF/NG FHFIR 3 FidEag ) LIEN 2 124 5 8 2 ( Duncan tests, P < 0.05)
EFRERE EF 3 RS LR AEN L RN B AR AL R R, B LB 29 39.23%—
55.31% ; HUCH B H KL R . #ORIG ILZ B i/ MRl B a2 g 2R dy, i B 11.20% ; 3 ARG LA
BB XG JL 2 B fe/ N RAE ) B A Ll o B LB 530 R 7.77% TN 16.97% , 3 FRERXS LB HEA
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A HCREAG JLHE N T B R R 2 R THEMSIL , R4 8 SR 2B E HE A N SR ) 22 S 350 R
F(R1PEBEA .,
2.2 TIHEL RIS LB

TE5y B9 211 28 @ TR b | B IS U 22 & (Acrobeles ) £ H 254k L E T J) )& (Aphelenchus )
22 R IV G ( Filenchus ) UL XA B A4 B M B PR ( Eudorylaimus ) F1ZRJEJ& ( Thornia) 5 J& 2 HUTERE AN
HPEEARFIRAEE B E S (R 1), Hod TRBHE LI R R 2 Rk, H R E R TRt g L #eR e g L
TR L ELHE )8 2 FEAR AN K (H A 1 3 TR B X L B4 39 )L 22 R B ) i 2 2 25 K T4k
HEAG LA B X L, E NS 43 B HH 2 SR 4 A B 3 0 )L BL P 2R R 22 B B 3 R T SRR XS LA 4 Y
L TR IR IR Z R, H R EF R THRREGIL(E ),

JE i 2 4 R (NMDS) 3BT HET T SR Bh A 4G L HE A P FTHE A Ah + LR e 4 i, 34 B e
I B ERZE YR cp2 BBEREL B I Stress <0.2, BAHTEEIA I NMDS 4347 3 Fp % JLJE A
R RIS S AL A B R (B 1) . ANOSIM K36 45 5 o S0 LR HE A 0 2 (il B3 ) s 17 & i i
FRE(P=0.048) BHEEER(P=0.052) ,cp2 FHF(P=0.007) FLEZ R (P=0.007) IIZH (& 1) .

BF FF PP OP
P=0.048 P=0.052 P=0.224 02| P=0.238

0 02 i w 0 \ of L\//
2

0.2

-0.2
-0.2
stress = 0.087 stress = 0.088 stress = 0.178 stress = 0.209
04 L - : 1 -0 -0.4
» -05 0 0.5 -04 -02 0 02 0 0.5 10 04 -02 0 02
g NMDS 1
z 02 cp2 cp3-5 Community
' P=0.007 P=0217 P=0.007
0.2
0 0.2 T
0 "R
_ 0Fr +S
0.2 N
-02 | ﬂ -0.2
~0.4 Lstress = 0.096 stress = 0.212 stress = 0.149
0 0.5 0 05 -04 -02 0 0.2
NMDS 1

B 1 3FMEBBILEMNI L EEREFAER op XENBLHBENIEES S HRESH (NMDS) 71 ANOSIM #5625 R
Fig.1 Non-metric multidimensional scale analysis (NMDS) and ANOSIM test of soil nematode trophic groups, cp groups and nematode
community outside and inside three Caragana shrub canopies
BF: 414 2 Bacterial feeders; FF; £ 314 252k 1 Fungal feeders; PP #f ¥ % /£ 2¢ Plant-parasites; OP; 38 £ 2% £ 2% Omnivores-predators ;
Community ; B2 2% HUBEVR ; T HORERRG ILHEA A Inside C. tibetica canopies; R FEEHR XS LA N Inside C. roborovskyi canopies ;S ; Be -4 %% J L
AP Inside C. stenophylla canopies;N:#EMSL Outside shrub canopies; P )y ANOSIM 34558 P < 0.05, £RmEF BE

2.3 bEER RS SRR

3 PR LR TE LI R B Y epl KRR | H op2 SRR R L KT op 3-5 BRBE(E 2) . HORER
X LN cp2 ZEHFLR B2 B 1 2 K TSN LR P AN S8 T B 3 25 S IR Rl ) 22 5% ep3- 5 25 R
LM ZEERENNINIARFREAF Z B LR EER (K 2),
2.4 EEZAUERTREL

+ 2k i ZHEPERE 2L (248 Shannon-Wiener  DIfE 5 BEE AU R G0 K B ZHEPEFRE0) T8 £ (ML
F1 PPL) LEHE NN AP S EARFN A B E 25 (K 3,1 4) .
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2.5 ek R A R RTX R AT

S FE R A I 05 T A PR AR L T8 A ol i 00T p2 WO s
PR E2ER (K 5) 8 op KRR B B4 B % 20 | 240
%5 (Fe: Fy = 4.95; P<0.05) (1 6), TR 2 180 La* Jv{ 180 |
120 120

o

MY X ZR AT 7« HE NS B LR Ay A fE CD RIRZ
[F1) 5 e - X LR DA - 3 2kt o A REAAN A I, C RFR .
PSP ISR T B G2 B 5 SR B X LRI 37 1 5 X5 L o 60 r ﬂ 60 m 2 ’J[‘
A-E S U A TS 220, D SR, HHE M S NIRIREY ﬁﬂ |
A RBR(E 6), LmIe Ll (ZIE AR RIH K roRoS N RSN
TS JL>HOR B XS L > et S X8 JLAE SN, 380 mE2 3 #em)LMAm b HIEL  cp2 70 cp3-5 KBEE
B L) TE A B SRR B (ZE IR TP i ) $ s T#E M Fig.2  Abundance of nematode cp2 and cp3-5 groups outside and

9[‘( Fé—l 6) N inside three Caragana shrub canopies
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FAXG L HE AT s FRISTE AN op 2R R %
PE, 3 FhE LR HE A E E S cp2 24k iy IF 1k
FEVEYFR LB I F S PRPE YA LU0 5 (B 2 A2 2R HURD ep3- 5 AR U I, R B0 R 1E 35 £EPE W A e 451 /)N
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Fig.3 Diversity index of soil nematode outside and inside three Caragana shrub canopies
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Fig.6  Analysis of soil nematode fauna outside and inside three

Caragana shrub canopies ( based on nematode metabolic footprints)

% cp B RPN R EREARFI M WAFTE W W22 5. op2 JERE, Fe AR XS JL AP i 50 48 L IE e Pk
Wil LEBIAR2ZE AR (E T HOR B RS JLIE S REVEMI R LU B (R 2) o op3-5 ZEHF, HURHR RS L L $EMEYI R L

WK (£2).
F2 3IMEBILEEN T EE RIEF LS %
Table 2 The percent of selective species in three Caragana shrub canopies
AR L LR L Bt L

2 R C. tibetica C. roborovskyi C. stenophylla
Nematode IE PR PNl IEGE YRl PRl IEEFEEY) Tl PNl
groups Positive- Negative- Positive- Negative- Positive- Negative-

selective selective selective selective selective selective
BF 0.00 0.00 28.57 0.00 0.00 20.00
FF 25.00 0.00 25.00 0.00 50.00 0.00
pp 0.00 33.33 0.00 22.22 0.00 37.50
op 33.33 33.33 40.00 20.00 16.67 16.67
cp2 9.09 0.00 21.43 0.00 20.00 10.00
cp3-5 18.18 36.36 18.18 27.27 7.69 30.77

cp:JHIH -JRIEH Colonizer-persister; cpl—cp5 ; 67~ T HELRE HUMNGH B B R A 4 IS 80 5

2.7 AW AN ER 52 SRR AR A DG S B

Mantel tests f& AT HEE P F0 L ANIAEE Z [ AR SCHE ) —FP L35 7775 . Mantel tests 455 s« R ALE
(P<0.05) F1 135 7K i (P<0.01) 5 ep (H4 2 B FLFZEE IR A1 412 0 28 TE ARG B8 RS ep 1HOM 2
FOFE B2 I RE T A A 52 12 3 AE ARG (P<0.05) 5 HIEsAE S cp (H0 4 WU B2 B R M IIRE A i 2 B
FIEFE(P<0.05) s HEAYNER (FENEY & KT HEYEY S MFEFE) MAEAEY IR R (MM R)
SR ARG N TC B ARG (£ 3,%4) .
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R3 EMAEEYERS TIRLRFEIIREFAARKE Mantel tests Z5R (R)

Table 3 Results (R) of Mantel tests between biotic and abiotic factors and nematode community composition

K £ Factors BF, FF, PP, PP, op, OP

AP -0.0189 -0.1186 0.2477 -0.1281 0.2683 " -0.2198
AK 0.0367 0.2531" -0.1469 -0.1208 0.0467 0.0855
pH -0.0534 —-0.0443 -0.0872 0.0260 0.1736 0.1691
EC -0.2916 -0.0260 0.0267 -0.1189 0.1948 -0.1785
SOC -0.0018 -0.0783 0.0486 -0.0931 -0.0219 -0.1194
SWC -0.0945 0.4410"" -0.3039 0.0178 -0.0184 -0.0132
NO3-N -0.2206 0.0993 -0.1646 -0.0352 -0.0187 -0.0708
NH}-N 0.0280 -0.1331 0.3772* 0.0070 0.1957 -0.0409
Shio -0.1026 0.1475 -0.1112 0.0872 0.0288 -0.0366
Herbio -0.1079 0.1478 -0.0845 -0.1759 0.0113 0.0166
Richness -0.2130 0.1903 0.1570 -0.1135 0.1038 -0.1791

AP H A Available P; AK; SEALHT Available K; EC; HL 53 Electrical cunductivity;SOC;iﬁ%ﬁﬂUﬁ Soil organic material ; SWC ; + 55 7K &
Soil water content; NO3-N; FHZS & ; NH; -N : #4745 & ; Shio : #148 JLA= ¥ ; Herbio : KT HAAE Y = 9 1 ; Richness : S AN Y F & & ; BF . FF PP |
OP THRICE cp H; + FARBEMAK,P<0.05; = = FnR B FHMK, P<0.01

R4 3TEBGILEEM RS LI AN B R

Table 4 Soil physicochemical properties and plant communities of outside and inside three Caragana shrub canopies

HORFIIG L FEBLHS L Bent- e L HENSL

C. tibetica C. roborovskyi C. stenophylla Outside shrub
AP/ (mg/kg) 7.57+1.82 4.95+0.63 6.53+0.22 5.73+0.57
AK/ (mg/kg) 76.00+12.58 80.33+6.23 109.33+11.46 84.83+11.83
pH 8.21+0.12 8.52+0.06 8.31+£0.06 8.72+0.23
EC/(ps/cm) 260.67+27.18 170.00+57.04 134.67+3.18 96.00+21.70
SOC/ (g/kg) 10.57+4.60 10.27+1.64 12.66+1.86 3.85+1.29
SWC/ % 3.84+0.43 3.70+0.10 5.18+0.63 2.40+0.12
NO3-N/(mg/kg) 8.64+5.01 5.77£2.24 10.46+2.34 1.50+0.22
NH}-N/(mg/kg) 0.09+0.02 0.26+0.08 0.07+0.01 0.20+0.08
Shio/g 142.99+10.52 138.14+13.76 90.14£5.53 0.00
Herbio/g 10.46+0.70 11.27+2.11 12.90+1.74 9.98+3.20
Richness 3.67+0.17 3.17+0.33 3.17+0.17 3.67+0.44

A ST A R R FR Y LR HEAXS 32 I i 250 A 22 R T W 35 5 ), ELAD) S8 2 5 ) - 494k i
FEVRALN, 518 (H BB 17.86% ) 2R Z JEAEFE NN AP SRR ]t B 35 22 53 (36 1), e Rk i
EIIR RN cp JERFAL AL 2 I AN PSR AR RR ) () (8 22 5 (181 1) o B8 & 248 KU (NMDS) 73 A
18 7R 2 U7 2H A TE A PN A1 s AT ) 2 S AR K, 39F— 20 1 ANOSIM A6 30 E 52 H X ) L e HE MK g8 2k it
RETE AL, LA R — 0B FR R A ep RRFIVAH I RAT B BURE B 002 (18 1) . DRI R E 2K A
(] AT A XS 1 398 2 A% 21 B = AR AN R AR 52 0, Dasiphora frutico FIFETE AR+ 3e 28 Y% 2 B 4
A ,{EIEJL: Piliostigma reticulatum i%?ﬁﬂlﬂiﬁ%%ﬁiﬁéﬁﬂiﬂﬁm o

WA RHE NG 5 WA AR AL 5200 1SRk R B RIS cp RIERVZH AL, B HEAXS T VR B
Pripie bt (1) WEFIEAKOF 1,3 Rl JLE AN AN [R1 2 d 8 BA i 4f sl HE R R (3R 2) , T 3534
RN 22 5 (2) WE SRR 13 Fh A JLJE HE N £ B B 2R 2k U TE S B W R LU 491K T f e 4% 4
Yyh Lo, AR 25 A= SR WAR B, Sse PR AN LU BIBE R (3R 2) o X DER AN JLJm HE DA AT BE S A 0 T FL T
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REHE 5, JUHIZ 718 (Aphelenchoides ) |33 P BE 2 A Ay T4 DA PO 38 57 1T - 398 F) ek 35 A0, i v 17 T A - 38 )
PRIZRE S I I rh i S AL T3 5 70 RO BB I PRI P A AT BB SRR A
FE ) A7 A2 AT R HEOE £ R JCHE A XA 5 (3R 2) o HLRIAE:, SHEAR ML, JE A ST A R 2 il £ 41 o it
S AR AR BEUR T M X — 2 AR A A B IR ST SRS 0 5340 0 T B AR B 2R LR O, S5 0
JLIEBEREPED Bl LS, ik it S X8 LA el (3 2) o X Ui xs Ll RE A M T R4 i
RECHUVA A, BRI MS Lo HAT G800, 2 IR U TR ISR X DA P o SO AR5 T T S R TRE AR ke, BIAS
RIS 28 BURZ IR AR TR Y (3) AN ep 2EREZKF |, 3 PR AG JLIEHE AN cp2 SR IEZERRMEW A LUK T
TATEFRPEPI P L], op3-5 MR SAREFEPE M A LB SR, ok Ul U] 4 34 sUBIL 2 T S (op2) X LI 9%
USRI Ay i SO R B8 58 TR R (ep3-5) o B MR AT 00 A DA N e SR 2k ol 0y 2R 3 S SRS T RE LU r-X) SR
B R AR Y R R BT op (HAZR R (AN cp2 ZEBE) A HTR Y IE IV IR B AR LI RE T T4 ep (ELW
L (W ep3) MTREHE A LA T R AP ZER S JLHE A KR B B, AR TR AT ] HE N T R4
T — AL B SR IR, T A BEAT T 28 op2 ZRE% Al g ; T HE MAAM T SR PR B8 B3 L ep3-5 K4k
WP ERE . 3O BENA cp2 KBS YIA EEOE IR E U )R 22 R TIJE  HEAS op3-5 KRR
FhEZE LA A (WRILE R (FOPRIR RJEIR) . X5 Guan S5 BFFEAE SR8, BN 588 17 LKUR
A RTEARBISE /R IR TANTR B B AS  LJE AR 2 s e ) R I 2R R 2T R A S A AR
AR, X LR T BOX LE AR /R Y i 22 HAT W SR AT ) 22 53 Y IR (3R 2)

S AEFREAE T, HXS LR BE A ] B8 2 BRI i AR R IR A v ) SO AR D R TR R A
JECRIAR AL v 2 M) - M2k VR 4 LATE ROWIE ST 32 208 i 45 F J7 R AR R ( SEMD) 2 W98 DA Je i 52 ) -+
SEFRALPET (N pH A HUTT 38 5 K A5 ) FIURKR AR R 9% 5% ) L SR LR S R VR 2 Y L FRATTE
Mantel tests A BHL, 4 R 20 40 A SRR AN JSOMI BT A AR A AR i Ak o 2 SR S R P AL BSOS M AN J 25 T S0
BRI T KES cp 50 2 LR IIREAT AR W35 IEAHSC (3R 3) | X I RN AR IR 92k th B AR
TIETR,

IR R AR AL S DA U LB A LR I AR FEAA PN AR AT REAC 5 (2B B A R
THENSD (BRBEMSRXG LA ) | 15 W FE A A 2 ORI 00 B ) AR T3 S R 3k T B JE: PR O T DA P £ LRI 2
LR L BOR , HAJE op2 JERERIL(ZR 1) o cp [HB/NARYLHUE T 0y r— X5 N RE/ D A R U AR X
PRSP X SMIR TR 73 1) i AR AR TG, T SCH B s B B DA R AN [ AR R A iR A ], 3
i LI HEA B4 X8 LA 2 A A AT B R, R WIAR LE T B R A o e i A LYl B A e 2k
FACHHEVEAO e HEAE T AT RE ST 5, 30 R g B B X8 JLPE AR i E AN 005 3R W AR R DL, IR
Py I EEAG DR SE AT A B IR A I LR R (3R 1), B ASE 22 () o A B i ARl 123 (IS IR0 104l
BH (B ETRY) s, ERIET T 2SR & AR (R, RIASNRBA MRy 2 | 14
L YRR E Y BT R I 3 ARG LR E AN B SRR AR PO AL E) B THEAAN, U
HEDAN SR B AR B THEDAST S HE A 5 5 00

A V2 A e e 2 AU S B S R ) A AR BT AR U R Y e e
XA R B SR XE LHENTE C GRS SEIT B PR UL RAE AN LSBT BEAR , B R
FARBLYS , B PS5 B AR RE 5 BARBRAG LA B XG JLHEATE D GLBR, HLHEASN SR IE A IR, 5 £
e TR i, B IR R, B AT IR AR A TR K e A R Y SRR (1) B RS L s A RLAT B
T IEE SRR IR 5 (2) DRt Hp G JLRE AR Wi E NS R B, BRI RO RN IR e A B
WL, TSR AR X LR /N iR X UAR R , 3 B IR B AW s | IR A B 2 AN 45 (3) ERARTE DA
HAT LR RO MR A8 RO (H e JEUA e X S A 8 SR ATD IR AL T AL B R IR 3R 5E T IR AR5 TR AR
eV PR TS AL E BN R

B, BIRENG LS HE AT N IR R T A B R (RS [ - e s e A N A A
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A AR, HOX AR A AT W AR E] 22 5 . b ek A AR A 5 | b e R A R e 2R B B Ak R — 2D
FEAHEEYNEE I B AR,

£ 3L Hf ( References)

[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

Van Auken O W. Shrub invasions of North American semiarid grasslands. Annual Review of Ecology and Systematics, 2000, 31(1): 197-215.
FE/NRIL, e S SXIRTR E Sl TR A FE A AL BT, AR, 2005, 14(5) : 1-5.

PGS, Z/NE, FAE. NS B USRS LIRS K BT ORI R s ARSI, 2014, 34(9) : 2256-2265.

SREE, MREEE, WER, Eae, W, DN, TR RS LR AR R BRI ) 2 R R . B R, 2019, 36
(5): 1215-1223.

Na X F, XuTT, Li M, ZhouZ N, Ma S L, Wang J, He J, Jiao B Z, Ma F. Variations of bacterial community diversity within the rhizosphere of
three phylogenetically related perennial shrub plant species across environmental gradients. Frontiers in Microbiology, 2018, 9. 709.

Liu RT, Zhao H L, Zhao X Y, Drake S. Facilitative effects of shrubs in shifting sand on soil macro-faunal community in Horqin Sand Land of Inner
Mongolia, Northern China. European Journal of Soil Biology, 2011, 47(5) : 316-321.

Kudrin A A, Konakova T N, Taskaeva A A. Communities of soil nematodes of various tundra phytocenoses differing in the development level of the
shrub layer. Russian Journal of Ecology, 2019, 50(6) : 526-534.

Pen-Mouratov S, Barness G, Steinberger Y. Effect of desert plant ecophysiological adaptation on soil nematode communities. European Journal of
Soil Biology, 2008, 44(3) . 298-308.

Mulder C, Maas R. Unifying the functional diversity in natural and cultivated soils using the overall body-mass distribution of nematodes. BMC
Ecology, 2017, 17(1) . 36.

Li X P, Zhu HM, Geisen S, Bellard C, Hu F, Li H X, Chen X Y, Liu M Q. Agriculture erases climate constraints on soil nematode communities
across large spatial scales. Global Change Biology, 2020, 26(2) : 919-930.

Ferris H, Bongers T. Indices developed specifically for analysis of nematode assemblages//Wilson M J, Kakouli-Duarte T, eds. Nematodes as
Environmental Indicators. Wallingford; CABI, 2009 124-145.

Ferris H. Form and function: metabolic footprints of nematodes in the soil food web. European Journal of Soil Biology, 2010, 46(2) : 97-104.
Wang Y M, Guan P T, Chen J W, Li Z X, Yang Y R, Wang P. A comparison of soil nematode community structure and environmental factors
along fen-bush-forest succession in a peatland, northeastern China. Global Ecology and Conservation, 2021, 28 e01679.

Wu Y, Chen W J, Entemake W, Wang J, Liu HF, Zhao Z W, Li Y Z, Qiao L L, Yang B, Liu G B, Xue S. Long-term vegetation restoration
promotes the stability of the soil micro-food web in the Loess Plateau in North-west China. CATENA, 2021, 202 105293.

Jackson L E, Bowles T M, Ferris H, Margenot A J, Hollander A, Garcia-Palacios P, Daufresne T, Sanchez-Moreno S. Plant and soil microfaunal
biodiversity across the borders between arable and forest ecosystems in a Mediterranean landscape. Applied Soil Ecology, 2019, 136 122-138.
Hodson A K, Ferris H, Hollander A D, Jackson L E. Nematode food webs associated with native perennial plant species and soil nutrient pools in
California riparian oak woodlands. Geoderma, 2014, 228-229. 182-191.

Veen G F, Olff H, Duyts H, van der Putten W H. Vertebrate herbivores influence soil nematodes by modifying plant communities. Ecology, 2010,
91(3) . 828-835.

Cortois R, Veen G F, Duyts H, Abbas M, Strecker T, Kostenko O, Eisenhauer N, Scheu S, Gleixner G, De Deyn G B, van der Putten W H.
Possible mechanisms underlying abundance and diversity responses of nematode communities to plant diversity. Ecosphere, 2017, 8(5) : €01719.
JEJTW, ZEi, A/NE, BRI, SET, WIRE, BBk, P KRR KGR B R LR B AR RAE. Al BRI B AR AR,
2020, 37(3) : 308-318.

i, w5, 2R, DI LR RIX RS LR Y MAH R RENT ST . LA, 2014, 34(5) : 1072-1084.

BT, BIEE, DRI, UL m IR AR RS X 3L RV T RESE A I RE IR . A 2SR, 2013, 33(5) ; 1482-1494.

Olatunji O A, Gong S X, Tariq A, Pan K W, Sun X M, Chen W K, Zhang L, Dakhil M A, Huang D, Tan X. The effect of phosphorus addition,
soil moisture, and plant type on soil nematode abundance and community composition. Journal of Soils and Sediments, 2019, 19(3) : 1139-1150.
Sun F, Pan K W, Olatunji O A, Li Z L., Chen W K, Zhang A P, Song D G, Sun X M, Huang D, Tan X. Specific legumes allay drought effects on
soil microbial food web activities of the focal species in agroecosystem. Plant and Soil, 2019, 437(1/2) . 455-471.

Viglierchio D R, Schmitt R V. On the methodology of nematode extraction from field samples: baermann funnel modifications. Journal of
Nematology, 1983, 15(3) . 438-444.

T, v E SR R KA. JUat. Bl diRA, 1998.

. R R B LRBMFHEAR 1, 2000.

http ; //www.ecologica.cn



4136 A E = 2%

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

Bongers T. The Nematodes of the Netherlands. Utrecht: Foundation Publisher of Royal Dutch Natural History Society, 1994.

1 B IR (BB =) - dbat: ERAL T RRE:, 2000.

Yeates G W, Bongers T, de Goede R G, Freckman D W, Georgieva S S. Feeding habits in soil nematode families and genera—an outline for soil
ecologists. Journal of Nematology, 1993, 25(3) . 315-331.

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

Ferris H, Bongers T, de Goede R G M. A framework for soil food web diagnostics: extension of the nematode faunal analysis concept. Applied Soil
Ecology, 2001, 18(1) . 13-29.

Michonneau F, Brown ] W, Winter D J. rotl: an R package to interact with the Open Tree of Life data. Methods in Ecology and Evolution, 2016, 7
(12) . 1476-1481.

Dufréne M, Legendre P. Species assemblages and indicator species: the need for a flexible asymmetrical approach. Ecological Monographs, 1997,
67(3) : 345-366.

Wang X T, Nielsen U N, Yang X L, Zhang L M, Zhou X H, Du G Z, Li G X, Chen S'Y, Xiao S. Grazing induces direct and indirect shrub
effects on soil nematode communities. Soil Biology and Biochemistry, 2018, 121 193-201.

Diakhaté S, Villenave C, Diallo N H, Ba A O, Djigal D, Masse D, Sembéne P M, Chapuis-Lardy L. The influence of a shrub-based intercropping
system on the soil nematofauna when growing millet in Senegal. European Journal of soil Biology, 2013, 57, 35-41.

Tian L, Wang X A. Role of nurse shrubs for restoration planting of two conifers in southeast of Mu Us Sandland, China. Journal of Environmental
Biology, 2015, 36(1): 331-336.

Togashi K, Hoshino S. Distribution pattern and mortality of the white tip nematode, Aphelenchoides besseyi ( Nematoda: Aphelenchoididae) , among
rice seeds. Nematology, 2001, 3(1) . 17-24.

Togashi K, Hoshino S. Trade-off between dispersal and reproduction of a seed-borne nematode, Aphelenchoides besseyt, parasitic on rice plants.
Nematology, 2003, 5(6) : 821-829.

Lavorel S, Garnier E. Predicting changes in community composition and ecosystem functioning from plant traits: revisiting the Holy Grail.
Functional Ecology, 2002, 16(5) ; 545-556.

De Deyn G B, Raaijmakers C E, Van Ruijven J, Berendse F, Van Der Putten W H. Plant species identity and diversity effects on different trophic
levels of nematodes in the soil food web. Oikos, 2004, 106(3) : 576-586.

Viketoft M, Palmborg C, Sohlenius B, Huss-Danell K, Bengtsson J. Plant species effects on soil nematode communities in experimental grasslands.
Applied Soil Ecology, 2005, 30(2) : 90-103.

Zhao J, Shao Y H, Wang X L, Neher D A, Xu G L, Li Z A, Fu S L. Sentinel soil invertebrate taxa as bioindicators for forest management
practices. Ecological Indicators, 2013, 24. 236-239.

Yeates G W. Nematodes as soil indicators; functional and biodiversity aspects. Biology and Fertility of Soils, 2003, 37(4) : 199-210.

Guan P T, Zhang X K, Yu J, Ma N N, Liang W J. Variation of soil nematode community composition with increasing sand-fixation year of

Caragana microphylla ; bioindication for desertification restoration. Ecological Engineering, 2015, 81 93-101.

http ; //www.ecologica.cn



