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Abstract:  Objective The relationship between biodiversity and community stability is a fundamental component of soil
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ecology. To explore effects of pollution on the relationship between soil nematode diversity and community stability, comparisons
were made of nematode communities in woodlands vs. those in farmlands that were simulated to be contaminated with copper
(Cu) or zinc (Zn) varying in concentration.  Methods Cu or Zn was added to fresh soil samples, which were convert to final
concentrations of the minerals in dry soil equivalent to 0, 100, 400, and 800 mg-kg™". For each treatment had three replicates, a
total of 42 subsamples (14 treatments x 3 replicates) were prepared. The soil samples were incubated at 25°C for 23 days before
nematodes were collected using the cotton-wool filter method. Comparisons were made in nematode community structure
(abundance, diversity and functional indices) between soils different in pollution gradient and between habitats. Results A total
of fifty-two taxa of nematodes, belonging to four main trophic groups, were identified, 48 taxa in the woodland soil and 32 in the
farmland soil. Bacterivores dominated both the woodland and farmland samples. Herbivores were the second most dominant
trophic group in the woodland soil, but bottomed in the farmland soil. Nematode abundance in the woodland soil decreased with
rising Cu and/or Zn concentrations. In the farmland soil, however, nematode abundance was lower when Cu and/or Zn
concentrations were low and higher when they were medium or high. Bacterivores and the total of nematodes in a similar trend. In
the woodland soil, omnivore-carnivore abundance decreased when soil Zn was the highest or low in concentration, and when soil
Cu was medium and high in concentration. In the natural woodland soil, the gradient of heavy metal concentration had no
significant effect on diversity of nematodes, but in the farmland soil, it reduced Shannon—Wiener (/’) index and increased
nematode dominance (4) . High concentration of Cu significantly affected structure index (SI) of the nematodes in the farmland
soil. In the woodland soil, basic index (BI) was reduced when soil Zn was low in concentration and increased when it was high. SI
was also significantly reduced when soil Zn was high in concentration. In the farmland soil, the effect of soil Zn on nematode
functional indices varied displaying a wavy trend. Principal component analysis (PCA) shows that in the woodland soil, nematode
communities were similar to those in the control soil in all the treatments, except for treatments medium in Cu and/or Zn
concentration and high in Zn concentration. In the farmland soil, as affected by treatments, nematode communities differed from
those in the control soil. Conclusion The soil nematode community in the woodland or farmland soil responds differently to the
gradient of Cu and/or Zn contamination. In the woodland soil, the response is embodied mainly in overall abundance of
nematodes, while in the farmland soil, it is in community structure, diversity, and ecological indices. The nematode community in
the natural woodland soil is high in diversity and more able to tolerate Cu and Zn pollution than that in the farmland soil, which is

relatively simple in the soil food web.

Key words: Soil food web; Nematode diversity; Resistance; Stability; Heavy metal stress
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1.1 FAREHFR

O HERE AL COR AR T AL U A R XN
(N40°26'0", E115°53'2"), % DX daJ ity 15 i aly |
T R AR A et AT, R R R
AVBREE, FHRE 8 C. ZHFHHEKE
443.2 mm, FFEARISZS AT o DX A ST
WA, B AR BORE 3 BRI U Y H SR AR
A H AT, HARMH I ALZY 824 m*, AL AR
B AR, JLTFXA R TI, HEEEE
M FERE E 32 ( Salsola collina ). K| JLE( Cirsium
arvense var. integrifolium ). & ( Artemisia argyi ).
B 3E3E ( Sonchus wightianus ) R JL#E ( Robinia
pseudoacacia ). R WAT HIRMHILM L) 43 m ik,
A 1452 m*, FPAEPE 24 ( Brassica oleracea )
(BUREIIIRI E 3R ), I8 45t A HLAE (25 thm ™),
AN (1.15 thm™) FRZE (0.53 thm?), ARk
SR Fl . AL IR IR WL 1.

F1 BANMSREATFEAMBAER

Table 1 Initial physico-chemical properties of wild woodland and farmland soils before the incubation experiment

A B \ 5% . HO AR
) 2R A HL AR AT 44 Total 424 Total
B H Electrical Available  Available
pH Total N/ Organic matter/ Available P/ Available K/ copper/ zinc/
Habitat conductivity/ copper/ zinc/
(gke) (gke) (mgkg') (mgkg') (mgkg') (mgkg")
(nS'm™) (mgkg') (mgkg')
A< H
7.6 1.70 20.05 169.5 16.45 21.6 134.5 2.14 8.96
Farmland
H SRR
Natural 7.5 2.81 46.75 5.5 11.45 19.8 117.0 1.83 4.12
woodland

1.2 THRESRKEIEIT

TR LSRN E Y 2017 4E 6 A 21 H., AR
SRR S T, B b 500 3 B L T A — 1Y
1 m® fERREERET, RS P2EL 0~20 cm - HE4
20 kg, WA PR E, HiRASFE, HT=HHE
B FEA ETAE

F R 24> AN CuSO, Fl ZnSO,VE N H 4 )R
P A, WRIEZS2 SCik 2610 3 it DL & 3R [ 4
5 Cu Fl Zn =905 mybrdE, RIFXTIR (CK). ik

W (L), &k (M) FmEmwE (H) 55
FEEE, 43910 0. 100, 400, 800 mgkg ' T+ A%
Jnit, Horp CK HMRhE 4 EILA, Etals St
(14+3x2) x2=14 MAbPE, HHE 3 IR, BaERA310g
if 4 mm G, RS RIS KR T T
TE S RIS . B4 H M AR 355 )
JA 80 mL A1 35 mL Bt & 4 AV i, (75 H 1k 5]
MK R 60%. FTA B RAHBE R 25 CHR
FarPEEGEE SR, BRANEAK IR, (Rl BEAL I 4

http://pedologica.issas.ac.cn



6 Y] ZEER A L BETS YRR EEXT F AR AR R T SRk HOETE R 1495

fii'®; 2% Liu F1 Korthals P4 i35 8, T
23 d JE B TR IR PR R,

A R P BT R R R .
AR A SRR R A 0.1 mol L' bR IZ 4RI
W SOE TR R E o Cu AbEE Y 4 3N 2 A R4 &
i, Zn QRIS E A RO B, TP AP AR B
4% Ak LA 2508 R 8O Y E
1.3 ZHSES5EE

o3 B R IR BE 4% 60 g 8 + 74 T 1 mm
MR L, e MG 2L, 48 h R R
T, #E 1 d IR T 4% R Sk, BTk
BT 40 A5E S G N HE TR, BEALPEIE 100
25T 100—400 175 238 TR e LB BEE . &
G FRE % 2R K o R4 B s (hitp://
nemaplex.ucdavis.edu/Ecology/EcologyMenu.htm ) |-
R, Pk i) srhy 4 ANEFRIEM: B
WM (Ba), BHEBMZL&R (Fu), HHEMEZLE (He)
Izt (OP ).

1.4 HiEA4LIE

il 3 NINJA & 4t ( http://sieriebriennikov.
shinyapps.io/ninja/ ) £ A F%, LIHE
T 468 75 2 PAR B0 R 20 72 B2 19 T g vk A S 4
B, A5 b B FE s s £ 48 4 EL
( Enrichment index ). 45445 %% SI ( Structure index )
FIFLAFE L BI ( Basal index ). BLAh, Wit# 34
Z MR R . A AHE%0 H' ( Shannon index ). {5
FEdE % 4 ( Dominance ) FIEFREHELSHEMTEE T
( Trophic diversity ). H'=Yp; (Inpi), 2=Yp*, Hh
pi A 1 R TT AR BTE 4 R S B Y LA
T=1/Yp, pi BEB i ANEFRFBEAEL M Y L
7,

4w B 0 4R A S e R BRI R T 25 4
Mr, ZEE TN LSD, XFF A 2 35 06 )
FIEAE, 2t T In (x+1), FFFreiRIE
A, RSN R IR R, R
Kruskal-Wallis £ 280k %, JFH Mann-Whitney
AESHG I PIW LL R AL Rl Y 22 5. ez E], DA
KL R Z AT R ¢ RS . B A 2 Pk
KR P<0.05, SPSS16.0 FF5E K .

HEFF 431 ok 52 B0AS ) A 341 i) 2 o B 9% 1 22
5, KM PCA#EY, FRREHRHETT In (x+1) $44k.
ST AE Canoco 5.0 52 %

2 4 R

21 ARLELTEFHN CufZn EE

Rt IS TR, SRR A A I IR
A Cu 5 Zn YW TR (P<0.05), A% &
B34 BRAE 1 9k bR b (363.79 mgkg ™), B Zn %
AR E (29727 mgkg!) (£ 2),

x2 TELETEESHCuZn s

Table 2 Contents of soil available copper and zinc in the soil
relative to treatment / (mg-kg™")

I 4%tk Natural woodland & M Farmland

szl EERLiT R R e

Treatment  Available Available Available Available
1) . 2) 1) . 2)
copper zinc copper zinc

CK 1.51d 3.14d 1.89d 6.94d

L 48.22¢ 41.87¢ 49.98¢ 47.29¢

M 194.78b 163.42b 207.13b 169.24b

H 363.79a 278.80a 363.58a 297.27a

ME: CK, L. M., H Zp3lxd R & Bk 0, 100, 400,
800 mgkg ' M AR (T3 ), 1) FREEIN Cu MY LLFAT I E A7
RO 2) RoRERAN Zn AL BTN E A BB A R . AR
B IR A PR E) 22 57 1 3 ( P<0.05 ). Note: CK, L, M and H stands
for zero, low, medium and high heavy metal addition rate( 0, 100,
400 and 800 mgkg',
measurement of available copper content only in the Cu-added

dry basis, respectively ) . 1 ) means

treatments, and 2) does that of available zinc content only in the
Zn-added treatments. Different small letters represent significant
difference ( P <0.05) between heavy metal treatments.

2.2 Cu# Zn HRM3TL RETE R0

o 4 Ja il R B 2 RO Y, Horh
XF SR ARHIL )5 M 25 A T 3 (& 1), ARk
MR e 5 B S 3% i iz T R, 9 BLAE Zn (40
BV ON B ;T R A DU S AR AR R Rk
BEFEAL, b SRET XIS, Eh . &
W P A P b 2 U RVBGR T A AR ML, {XAE Cu
) P A B A B R L B 22 5 (P>0.05); MAEIRIR
JEAMET, MRS, IFHTE Zn AP 2555 03
( P<0.05 ),

FIZRbRE A B PR R O B TR
e (P<0.05) (& 1), HESLEXH RPN &M
2R HUBOR AT WA (P>0.05), {HOG A i) e 2R
A R BN 4R e A A BRI AR L A S
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N (P<0.05); MWireEAe L3, B SWE Cu, LU
KA E Zn Yo AT I 25 AR 2R Bl ( P<0.05 ),

400 . 2000
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% 21000 N £ g 1000 s %5
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{2 ! § ) o E 0 L
H g = g S ] & 3
w3 = g 40 L 2 % k=] S
3 & = 5 5 Al o 22
o = é 30 & ] T & 3 & 8
° 3 @ R
2 s00 g wll 5 s ¢ ol * E
5 S 20 £ B S 30f -
= 3 8 2 a <)
= S S 5 S
g Z 10 kS 1 2 2
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S
0 0 0 0
0 0 0 0
b 1
~ 10 E
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= g 20 2 Z 0l 5
= 500 g a Z 500 c E‘ %0 100
N ° . a = © Al [A =) ab
> - 30 . - AlllA S ab
on oy 0 —
2 = =3 o e 5 a *
< . S 40 2 =) £
2 C g 5 :]g s :g T 60t ! § < AB
= # E a R < ® £ a ]
g 1000 ¢ 1< 50 S 1000t ¢ =< % § 200
58 = S < i
g K 8 K 2 ® 8 H g
2N =5 = =5 ¢ |,
w8 & g5 g 90t £ 2
S Al * = 2 200 &2 be U w2 &8 |a
B 150017, 4 A 2 s ab pri
= T o A 5 1500 b g S 300
5 2 A% 2 E 5
= ab 5 300 g [« B 150 g
£ * B A g a 2 a =
= 2000 a . i} &
Zn . 400 20000 5 400
CK L M H CK L M H CK L M H CK L M H CK L M H

Ab P4 Treatment

W FERR R Cu X BCE R, T 2EA80 Zn M2ty ; CK. L. M. H 205378 0. 100, 400, 800 mg/kg 1 4
JRR A (T3 ); WO- 2R MHL, FA-RH ., ARFEERR AR 2 5 B3 (P<0.05); *3&7R PRl - 3 (] ol 2 W5 Fh 42 8 7] 1) 26
HHEZ R BE . REL HRMEDE . T . Note: the upper part of the figure describes effects of Cu addition, while the lower part does that
of Zn addition on soil nematode abundance. CK, L, M and H stands for heavy metal addition rate of 0, 100, 400 and 800 mg-kg '( dry basis ),
respectively, and WO and FA for natural woodland and farmland, respectively. Different letters mean significant difference ( P < 0.05)

between heavy metal treatments. * indicates significant difference at P < 0.05 between two habitats, or between two heavy metals. Error bars

indicate Standard Error. The same below.

B 1

Fig. 1

2.3 Cu A Zn FHRMITLL BB E SRR
RIS 52 NN, Ho B ARAR
Hb 48 4>, ARH 324, o SRR 194 AR
WL TAHN (F£3), TR LS LIS ELE R
PR MY AR R AR B SRR IR AR
EHAEAR 3P BT 5 LBl N e 7F FARMRH R,
SRR DI AN A, RTHE PR b
BRRLEE s TMiFEA F 390 S AR S ka3 (R 4),

T R A IR SR OB B R

Effects of Cu and Zn addition on nematode abundance

AW 3 DL Bal &0 Ba2 ki3, A
FHERAY (£ 5); HAMM T Ba2 4l 548X
P, HKE Ba3 ift, HXPIRLMTET . mhsh
ST RME > . He3 J& [ SR M = 22 A A 2 14k
W, HBCERAE M R LS S N A B W TR
FREREEL R Omd 3, AME A SRR HL ik
FETEAR Y LUy Prs £, OB B sh 2 2 1 1
I
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Table 3 Taxa of nematode identified in the soils under incubation
N

R AUEFRAHE VAT Taxa

Trophic group
AR 2k Protorhabditis, Rhabditis, Panagrolaimus, Diplogaster*’ , Heterocephalobellus"’ , Wilsonema'' , Acrobeloides,
Bacterivores Chiloplacus, Acrobeles, Cephalobus, Eucephalobus, Cervidellus, Plectus'’, Monhystera, CylindrolaimuslJ s

Prismatolaimus, Amphidelus'’ , Alaimus

EERL R Aphelenchoides, Aphelenchus, Ditylenchus, Diphtherophora'’, Tylencholaimus'’, Doryllium, Funaria"
Fungivores
ENELEEs Belondira"’, Axonchium"’, Basiria, Lelenchus , Tylenchus'’, Malenchus'’, Psilenchus , Pratylenchus , Meloidogyne'’
Herbivores Criconema'’, Paratylenchus'’ , Rotylenchus, Helicotylenchus, Tylenchorhynchus®
ZREREMEL R Campydora"’ , Eudorylaimus, Oxydirus® , Ecumenicus, Allodorylaimus, Sectonema'’ , Lordellonema, Pungentus,

Omnivore-Carnivores

. . ) . . . ) . .
Discolaimus'’ , Discolaimoides"’ Aporcelaimus, Nygolaimus

H: 1) HAMMRAEL R 2) REFELM,; RARER PR 1 HE L . Note: 1) and 2) stands for specific nematodes in

the natural woodland soil and in the farmland soil, respectively. Unlabeled nematodes are common in the two habitats.

Fz4

TR EEEF LR LA

Table 4 Proportions of trophic groups relative to treatment/%

[ #k #k3h Natural woodland

4% Il Farmland

&l
Cu Zn Cu Zn
Nematode CK CK
L M H L M H L M H L M H

Ba 67.57 61.07 49.17  46.90 59.70  52.67 43.53 84.73  91.13 89.17  93.77 93.50 92.53 86.73
Fu 1.97 2.67 5.93 1.97 1.97 4.30 6.63 4.00 1.33 4.93 3.27 1.30 3.90 6.17
He 15.77 2213 2490 34.10 21.97 2743 41.93 2.67 0.33 0.63 0.67 1.67 0.00 1.30
oP 14.70  14.23  20.00 17.00 16.37 15.60 7.93 8.63 7.20 5.30 2.33 3.57 3.57 5.83

7. Ba, EANELN; Fu, HEBL A ; He, AL H; OP, Z0E MMt di. Note: Ba, Fu, He and OP stands for bacterivores,

fungivores, herbivores, and omnivore-predators, respectively.

x5 FRLEZLRINERANNE

Table 5 Number of functional groups of soil nematodes relative to treatment / (ind-100 g™ dry soil)

A ZR#kHl Natural woodland

4l Farmland

&l
Cu Zn Cu Zn
Nematode CK CK
L M H L M H L M H L M H

Bal 40.1 347 25.7 5.9 48.1 18.3 11.0 527.4  519.5 686.0 907.0 500.3  781.6  688.0
Ba2 618.3 479.2 3728 2225 371.0  269.6 157.3 5155  328.1 6525 534.6 323.8  901.5 645.8
Ba3 227.0 266.3 123.3 15.6 218.6 78.2 19.0 93.0 34.4 4.5 0.0 2.9 12.7 15.1
Ba4 17.5 38.4 53.1 10.4 28.3 28.5 5.4 5.2 0.0 0.0 0.0 2.9 0.0 0.0
Fu2 42 111 45.6 7.1 3.9 23.3 22.4 52.8 14.3 69.7 50.1 10.8 68.6 98.1
Fu3 17.7  28.1 4.8 0.0 7.1 9.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fu4 4.5 5.9 19.0 5.2 10.6 0.0 4.4 0.0 0.0 4.5 0.0 0.0 0.0 0.0
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3k
H 4k b Natural woodland 4 M Farmland
ki
Cu Zn Cu Zn
Nematode CK CK
L M H L M H L M H L M H
He2 27.1 63.5 33.0 34.3 32.2 36.0 38.1 29.1 0.0 0.0 0.0 5.7 0.0 10.6
He3 180.5 229.2 249.5 138.6 215.4 174.8 142.1 7.4 2.2 11.7 10.2 8.8 0.0 9.1
He5 4.6 5.1 5.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Om4 101.9 109.3 169.5 48.8 81.7 59.2 17.8 100.4 69.0 59.3 249 20.2 49.6 68.1
Om5 13.3 14.3 17.7 52 17.7 11.0 0.0 8.9 11.5 14.8 10.2 12.3 12.1 15.1
Prs 83.3 83.1 68.9 36.2 79.9 41.0 16.6 3.7 6.9 4.5 0.0 0.0 6.1 4.6

28 YR PCA b o, H SR 4% 5 45 8 Ak
PRI VS 5 CK AHMRUE R (K 2a), {NFE ik
FERY Cu M Zn, DL Sk BE ) Zn 2 B0 FXS HR A%k

B O=CK & —ZnH

1.0
. < —CeH  —Znl
a) 0 —Cul ZnM
> — CuM
0.5

PCA Axis 2
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=
jm)
V.
{ &
.

!
g
n

-1.0[
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0.5 0.0 0.5 1.0

PCA Axis 1

e MM, RE T CK 5% EemA~A R
JERYZ TS 22 S O (/) 2b), St dsim
G A R AR T - SR 2k R R B SR A

10 O—CK & —ZInH
. - -] Zn-L
b) SIaT oz
— Cu-M
05 .
*
o
" a y
<0.0 e &
< ? |
U >
[=%
05 o
-1.0|
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PCA Axis 1

TE: a) ASMHUES:, b) RKHESE, CK FERX; Cul. CuM. CuH 2 HIER IR | A S 8 R vk 3 A4V N i 5 ZnL . ZnM |
ZnH 43l 2R A B | H A5 e B RN = Y BE I BEUR i . Note: a) and b ) stands for natural woodland and farmland soil, respectively. CK

for treatment of zero concentration of heavy metals, CuL, CuM and CuH for low, medium and high concentration of copper, respectively,

and ZnL, ZnM and ZnH for low, medium and high concentration of zinc, respectively.

Kl 2 RS PCA 8T

Fig. 2 Principal component analysis of nematode community

2.4 Cuf Zn HRMIFTLEL R S HF R0
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Table 6 Correlation analysis of nematode indices and soil available heavy metals

‘ B Cu Zn
Sy N
WO FA ALL WO FA ALL
Nematode descriptor

(n=12) (n=12) (n=24) (n=12) (n=12) (n=24)
HREFEE Basal index 0.231 0.053 0.119 0.534 0.401 0.381
B HE5%0 Enrichment index —0.467 0.191 ~0.034 0.058 -0.281 0.020
LEFFEEL Structure index ~0.186 —0.787%* ~0.348 ~0.603* -0.316 -0.292
2k it S %% Nematode abundance —0.707* 0.514 ~0.194 —0.966** 0.554 —0.114
fi#BE Dominance index -0.038 0.681%* 0.294 0.244 0.092 0.122
FAFEEL Shannon—Wiener index 0.197 —0.746%* -0.220 -0.212 ~0.110 —0.118
EFRBHE LRSS %L Trophic Diversity 0.690* —0.488 0.145 0.731%%* 0.014 0.169

. Cu, Culdindl; Zn, Zn RN ; WO, HARMM; FA, KH; ALL, HRMMMAH . Note: Cuand Zn stands for treatment
added with Cu and Zn, respectively, WO and FA for natural woodland and farmland soil, respectively, and ALL for soil samples from both

natural woodland and farmland.

3 ¥ ®

- LR U — O IR B T R R 3l S
BUR AU S R A T A R T R A
TRl N 5 NI N O R S = B N B2 R
Bom AR AL B SR . (HRTEAR I L3
2R B IR B TS e S R, TP R
ZME N XA IGE . TR T Ak UAE P R 3
R AISRE, ULk i BB RS B AR 4
WO PIAHOC . WA 1 B rh £ 0 TR AR IR A A A
AEE 25, AP, Ba2 &b 3, Hik
 Ba3 Zi i, X PR AR I Zn A Cu B 2%
P T AN FRR B Bk b, ol 3 T B A 2 L E
FE R REAR o T et AR A L AT AR

B Bal 2k HSFY 5 E] 48.5% ) L], Clarke Fi
Shepherd™*'R4 438 T — 2 W BE (1) Cu Al Zn BEHI L
O EAL, g R, HEmAPE R PR E +
Hrp e B E R —E B S Cu s Zn BTSN
PEE BRI s SCH B A G, HRTEENE, R
FH rP A 4 s e Ba2 kb, [H AR Al #a 3 A )
T AR A %Ik B TR —ThaefE, A
[Fi) Pl 248 A 2 ph kot 25 [ e 20 A i 7 o, v A A 2 )Y
AT 58 0] 79 o 2 58 0 2 R 4R R SR A AR bk A HE
FARMRHL A, AR P2 AR IR S8 TR 25, K
WA Cufl Zn BN m, MEWLRFEESH
A EEYIME, W H R S R,
AR RO S o, R R AR S . it
ATDAHEDN, Xt [ SRR P LR R, B
BRUEARLE Cu Fl Zn SR R EE WA R, K

http://pedologica.issas.ac.cn



6 Y] ZEER A L BETS YRR EEXT F AR AR R T SRk HOETE R 1501

WLAEAR HH A S8 rh | A B PEZ A SR e A S D,
HAEYR R4 Y/ (4G AR OO, K
SEFIAE ), P AMEA B R 2R B9 /E TR B R

ZREHE TR HUR R R P R, HTEL
HOREVR T Y B8] By G e ) S5 R BRI Dk 4R
R IR EY S ARl B AR R, A SR
HiAH PR - S B T S R Y IS5, X
5 Li ZEPTHRIE Y E AR bR | A TR % 4 i A
O7 N & TR FRAE B X L SR A5 R — 2 (HAS T
B TE N R S 45 E 4 8 Cu Bl Zn $E3)5
A H IR A B PR L B A T A SR bR A2 B
RS S R B e, LAEAIR . AR B A5 D
R, O H SR R, SRR AR AT
TR R FE A8 A R 2 AR, B AT G
RELM MR A&, B SR M - 338 By W 45 4 HAT B
SREVHRPT ). SR, RS op (AL B4R 3h HE
RIS T A I E A L,
P B A — 8 X P A iR P 2k R S REAR 1 AR £ I 2
M), Eb AR i AE B0 B i 23 A2 #F - Mylonchulus
(Prd ) My & 41", Zhao F Neher®" % ¥
Aporcelaimellus (Om5 ) Fl 15 Zn & &2 EAHCHE
s Liu 20 Lo TR E 3 200 W R - 2k Ui
YR, BT R EE B TR A 1 R 2 2
AR APFFE A Bl 2 B X Cu 5 Zn #0350
A REAFAEA [F] B iy 3 BE

H AR M P 2 ) o\ (iR ),
RIGEAE FME 2 TACH 8, i
AR A EH . AR ERBILEE, AR
M2k A A BUR AR e R R R K, e £
b Z R B R, E— DR
Carrascosa S PHGE T A SR 5 L 9N
SRR & T R 25 B Ja AR oA FH 3R Bl
R PYHRPT o SRS IR DA 1 ) FEAR R
AR AS A, Bt s A sl T A S, B
e TS . BRMY . BYME R A
T4 b5 B 2R AR S R e A AR Y
XAEHATRE S 2R R ARG, e, TEARMAE
BRGT, FENAPUTAT X L5509 e Hifig
B ERPY S Beah, ABFGE T [ SR bR Y 4 1
AR B AR FAIG 96.8%( 3 1), T Wakelin 207
RIS PR R T i HIRD R T s &,
AR Z RO IS R UAEY A SRR I Y TV 24

P, AT RE R 5 T 200 10 S b 3 A B AN R 2 B
,fj[?si]o

HH ELER BB MR 259605, PCA KIREEE O EWL
4 Sz e AN [ Ak B BUREVS A9 84 . AR AR, FEAH
IR RSN 26 0F T, A I sk e IE A28 1k 1L A 48
MAH I, X5 BUE SIS R —E. PCA
IIHTIE BN TE H SRR, Zn PR LR HUEVE 1R
K F Cu W#E3sh, {H5 Korthals 557zl i1 551
Cu I Zn X2 HUHEVE 0952 W AR DL D RUHEEIF AN 98 42
AT

4 4 ik

PP A S5 1 13 AE 22 07 Cu Al Zn B30 f5 2k AL
e FIREVE A A B AN TR i R A 1 AR bkl
B BB Cu A Zn BB IR B T o T ARG 5 T
A IR R B R L B AR A AR, .
e SO B . ELARLL A 2R PR ML, Zn AT Cu 4
SR A L LR R A5 . SRR A SR BT
We) SRR o RITT,  DAYS SR B2 LA B A W R 45 A
MIFERTE , M2 AETER) A AR Cu Rl Zn 53¢
AR ) B3R o AR R K DI 18] F) A BE AR SR R 2 R
TR BIRSUETE, D I IR AE Y 2R SRR E TR R
FARPEAIE

S %23 Wk ( References )

[ 1] HelZ, LilJ, Zheng Y M. Thoughts on the microbial
diversity-stability relationship in soil ecosystems[J].
Biodiversity Science, 2013, 21 (4): 411—420. [#14
1E, ZEhh, W, DIEASREMAEY S HE-TRE
TEXRRMEHD]. W Z M, 2013, 21 (4):
411—420.]

[ 2] Chapin F S, Zavaleta E S, Eviner V T, et al
Consequences of changing biodiversity[J]. Nature, 2000,
405 (6783 ): 234—242.

[ 3] Carrascosa M, Sinchez-Moreno S, Alonso-Prados J L.
Effects of organic and conventional pesticides on plant
biomass, nematode diversity and the structure of the soil
food web[J]. Nematology, 2015, 17 (1): 11—26.

[ 4] Griffiths BS, Kuan HL, RitzK, et al. The relationship
between microbial community structure and functional
stability , tested experimentally in an upland pasture
soil[J]. Microbial Ecology, 2004, 47 (1): 104—113.

[ 5] Griffiths B S, Ritz K, Bardgett R D, et al. Ecosystem
response of

pasture soil communities to

fumigation-induced microbial diversity reductions: An

http://pedologica.issas.ac.cn



1502 E I 574
examination of the biodiversity-ecosystem function communities[J]. Soil Biology & Biochemistry, 2018,
relationship[J]. Oikos, 2000, 90 (2): 279—294. 121: 193—201.

[ 6] LiuMQ, Chen XY, Griffiths BS, et al. Dynamics of [ 19 ] LiYF, XuJX, SunQP, etal. Effects of biogas residue
nematode assemblages and soil function in adjacent application on soil nematode community structure[J].
restored and degraded soils following disturbance[J]. Journal of China Agricultural University, 2017, 22 ( 8 ):
European Journal of Soil Biology, 2012, 49( 2 ): 37—46. 64—73. [ZEE K, FRE, IMKCFE, SF. B -

[ 7 ] Griffiths B S, Philippot L. Insights into the resistance and B M BEE SERSE A [T]. P RO 2R, 2017,
resilience of the soil microbial community[J]. FEMS 22 (8): 64—73.]

Microbiology Reviews, 2013, 37 (2): 112—129. [ 20 ] Nagy P. Nematodes as environmental indicators[M].

[ 8] Smukler S M, Sanchez-Moreno S, Fonte S J, et al. Wallingford , England : CAB International , 2009 :
Biodiversity and multiple ecosystem functions in an 172—187.
organic farmscape[J]. Agriculture , Ecosystems & [ 21 ] Gutiérrez C, Fernandez C, Escuer M, et al. Effect of soil
Environment, 2010, 139 (1/2): 80—97. properties, heavy metals and emerging contaminants in

[ 9] Zhang XK, Liang W J, Li Q. Recent progress and future the soil nematodes diversity of Petrochemical ,
directions of soil nematode ecology in China[J]]. Agricultural and natural areas[J]. Environmental
Biodiversity Science, 2018, 26 ( 10): 1060—1073. [5Kk Pollution, 2016, 213: 184—194.

Wem], g, B K E LI AR IS AR T g R A [ 22 ] Salamin P, Hanzelovd V, Miklisovd D. Variability in
JEEEI]. AW LratE, 2018, 26 (10): 1060—1073.] responses of soil nematodes to trace element

[ 10 ] Bongers T , Bongers M. Functional diversity of contamination[J]. Chemosphere, 2018, 210: 166—174.
Nematodes[J]. Applied Soil Ecology, 1998, 10 (3): [ 23 ] Bakonyi G, Nagy P, Kadar I. Long-term effects of heavy
239—251. metals and microelements on nematode assemblage[J].

[ 11 ] Verhoef H A, Brussaard L. Decomposition and nitrogen Toxicology Letters, 2003, 140/141: 391—401.
mineralization in natural and agroecosystems : The [ 24 | Bongers T, Ilieva-Makulec K, Ekschmitt K. Acute
contribution of soil animals[J]. Biogeochemistry, 1990, sensitivity of nematode taxa to CuSO, and relationships
11 (3): 175—211. with feeding-type and life-history classification[J].

[ 12 ] FerrisH, Bongers T, de Goede R G M. A framework for Environmental Toxicology and Chemistry, 2001, 20( 7 ):
soil food web diagnostics: Extension of the nematode 1511—1516.
faunal analysis concept[J]. Applied Soil Ecology, 2001, [ 25 ] Korthals G W, van de Ende A, van Megen H, et al.
18 (1): 13—29. Short-term effects of cadmium, copper, nickel and zinc

[ 13 ] Fiscus D A, Neher D A. Distinguishing sensitivity of on soil nematodes from different feeding and life-history
free-living soil nematode genera to physical and chemical strategy groups[J]. Applied Soil Ecology, 1996, 4 (2):
disturbances[J]. Ecological Applications, 2002, 12 (2 ): 107—117.

565—575. [ 26 ] Deng H, Li X F, Cheng W D, et al. Resistance and

[14] Li YJ, WulJ H, Chen H L, et al. Nematodes as resilience of Cu-polluted soil after Cu perturbation, tested
bioindicator of soil health: Methods and applications[J]. by a wide range of soil microbial parameters[J]. FEMS
Chinese Journal of Applied Ecology, 2005, 16 (8): Microbiology Ecology, 2009, 70 (2): 293—304.
1541—1546. [ZELIE, ROME, KEmW, & LBfEh [ 27 ] LiYF, CaoZP, HuC, etal. Response of nematodes to
- B f A R AR W B O vk N [T B A A AR AR, agricultural input levels in various reclaimed and
2005, 16 (8): 1541—1546.] unreclaimed habitats[J]. European Journal of Soil

[ 15 ] Ferris H. Form and function: Metabolic footprints of Biology, 2014, 60: 120—129.

Nematodes in the soil food web[J]. European Journal of [ 28 ] Korthals G W, Popovici I, Iliev I, et al. Influence of
Soil Biology, 2010, 46 (2): 97—104. perennial ryegrass on a copper and zinc affected

[ 16 ] ZhaoJ,LiDJ, FuSL, etal. Using the biomasses of soil terrestrial nematode community[J]. Applied Soil
nematode taxa as weighting factors for assessing soil Ecology, 1998, 10 (1/2): 73—385.
food web conditions[J]. Ecological Indicators, 2016, 60: [ 29 ] ParkBY, Lee JK, Ro HM, et al. Effects of heavy metal
310—316. contamination from an abandoned mine on nematode

[ 17 ] Neher D A,Nishanthan T, Grabau Z J, et al. Crop rotation community structure as an Indicator of soil ecosystem
and tillage affect nematode communities more than health[J]. Applied Soil Ecology, 2011, 51 (6): 17—24.
biocides in monoculture soybean[J]. Applied Soil [ 30 ] Clarke A J, Shepherd A M. Inorganic ions and the
Ecology, 2019, 140: 89—97. hatching of Heterodera spp.[J]. Annals of Applied

[ 18 ] Wang X T, Nielsen U N, Yang X L, et al. Grazing induces Biology, 1966, 58 (3): 497—508.
direct and indirect shrub effects on soil nematode [ 31 ] Zhao J, Neher D A. Soil nematode genera that predict

http://pedologica.issas.ac.cn



6 1

ZEER A L BETS YRR EEXT F AR AR R T SRk HOETE R

1503

[32]

[ 33 ]

specific types of disturbance[J]. Applied Soil Ecology,
2013, 64: 135—141.

Ponge J F, Péres G, Guernion M, et al. The impact of
agricultural practices on soil biota: A regional study[J].
Soil Biology & Biochemistry, 2013, 67: 271—284.
Wakelin S A, MacDonald L M, O’Callaghan M, et al. Soil
functional resistance and stability are linked to different

ecosystem properties[J]. Austral Ecology, 2014, 39( 5 ):

[ 34 ]

[ 35]

522—531.
[Srivastava D S, Vellend M. Biodiversity-ecosystem
function research: Is it relevant to conservation?[J].
Annual Review of Ecology, Evolution, and Systematics,
2005, 36 (1): 267—294.

Tilman D, Reich P B, Knops J M H. Biodiversity and
stability in a

ecosystem decade-long  grassland

experiment[J]. Nature, 2006, 441 (7093 ): 629—632.

(RERE: » #)

http://pedologica.issas.ac.cn



