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Soil nematode density inside and outside a pesticide factory in Anhui

Jihai Zhou, Jun Tao, Xiaoyun Chen, Feng Hu, Huixin Li"
College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095

Abstract: Soil nematodes are useful as indicators of soil health. To understand the contribution of overuse of
pesticides to soil pollution, we investigated the total number and relative abundance of soil nematodes in
several different land use types with different degrees of pesticide use. These different land use types, found
inside and outside the factory of Anhui Huaxing Chemical Industry Co., Ltd. in Hexian county, Anhui Prov-
ince, China, include bare land inside the factory (BIF), stands of pagoda pine (Pinus armandii) trees inside
the factory (PIF), bare land outside the factory (BOF), soybean field outside the factory (SOF), paddy field
outside the factory (POF), and corn field outside the factory (COF). Soil nematode numbers varied greatly
among landuse types, and when ranked in order of greatest to lowest number were
PIF>SOF>COF>POF>BOF>BIF. Total count of soil nematodes was higher in lands with vegetation than in
bare lands (P<0.01). The number of trophic levels except bacterivores and predators/omnivores were higher
in areas with vegetation coverage. Land uses with vegetation coverage had the largest number of
plant-parasites while bare land had the largest number of bacterivores. Relative abundance of plant-parasites
of PIF was 84% while relative abundance of bacterivores of BOF and BIF were 74% and 72%, respectively.
Taken together, these results indicate overuse of pesticides has an effect on the amount and relative abun-
dance of soil nematodes, and an important role for vegetation coverage in mitigating environment pollution.
Key words: pesticide, nematode, bio-indicator, different land use types
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(R T ENTE 2 AR 2B KR T o o AR 21, A
ERIAT 277X, Ko R 257 N 3D, [ B
FACAEY) LI — 853 4R 25 LA SR A 2 A 1)
A% 24 d 2 AR TR XUV R b N 38, A TR b Aol
BRI 27 A M R R AR L3,
b B A 2575 G AN 2 E Y, AN S i 35
@R, M H 225 E AR .

TR AR WS R T2 S AR R
A CEAE N, & TS RE N TR
(Freckman, 1988; %%, 1999)., ik hfr K%
B A B, T HE TR 2R
(BEIC%4E, 2002). Rl o 1 498kt T DL
PR B AR 32 TP B A 55 55 N kg 5% Wi FR B4 5 22 1)
(K] 7= 5 (Pate et al., 2000; Z=EHAIF ], 2002), J& )%
AR 2N R G0 52 B ARl BRSO TP A RO AR R
A:4)(Yeates & Bongers, 1999; Urzelai et al., 2000;
Ekschmitt et al., 2001; Matlack, 2001; Schloter et al.,
2003; Liang et al, 2005, Wu et al, 2005;
Wasilewska, 2006). XJ A0 AN A B T 7~ 1 1%
AR RGNE, ] DA O A A R
M55 BL(Ritz & Trudgill, 1999), U4k, E W41
AR IR T AR Ty 0 Rk A
TE BT 35 2R UV B 2 52 (1 AJF 5T (Freckman &
Ettema, 1993; Yeates & Bird, 1994; Liang et al.,
1999; Fu et al., 2000; Liang et al., 2001; Berkelmans
et al., 2003; Ferris et al., 2004). & [FE M 20121804
AN AR AT 8 2 e AR 252 7 1T R 9T (5 SR AH
¢, 1980), Aok ]y U gk TR B A
AR A5G 2R D7 THI TRIAE U T 30 R AR A BT 19 n (2 5L
R4 2001; ZEHE(E 4%, 2002; SRR, 2003; Meng
et al., 2005; Ou et al., 2005) . {H_IAWFFTHR & N K
I IE A 25097+ 38 2 d g T H R 5%
T A 24 1 T AR AR 77 0k 3 ] B B 455 AN [A] 1 i )
M7 R RAER R GRS JCHE R A
HOREVE SR 0 SE M T SR WA SRR IE . A S %
0k 2z s A B AR B TR A TR W) N AR AN
[ 4= ) ] 07 50T 3 B R s R 2R R
G, B AL WA 24 A4 770 B2k LUV 5 R T 52
SRS PR VL U o

1 xRS
LR R EL A A TR A PR A ) S A e

AT AR AR AR AR R R
FIBREEFR], A7 TAYLA R, Hikb118°27' E, 31°51" N,
JEPE R 5T T X 40 km, R R B B3 7 P20
km, drHBIEIRA420 hao i) G ESVEh R, i
$6-8 m, J& Tt R = XU g, R T
WAL, DU AE K T A H R EfE
2,035-2,270 hzfal; #3415.7-15.9°C; T Y]
232-247 d; FP¥yREKE1,000-1,158 mm, R =
AR, £9240-260 mm,

IEFET X A b SL 6P AE i A kSR A Hb
(1) J P H#RHL(BIF, bare land inside the factory); (2)
] W EESFA MM (PIF, stands of pagoda pine trees
inside the factory), &) X N &ribily, W Ed7-84F,
PR 292 m, PEFELS m, MR Py oo ke 4k 7 a5
(3) ] 4MEHL(BOF, bare land outside the factory); (4)
J AN K HL(SOF, soybean field outside the factory);
(5) | AM/KFEHL(POF, paddy field outside the fac-
tory); (6) J 4 E KHu(COF, corn field outside the
factory); | AMYFEHIGA T IX IE R 7741200 m.
RPURE TR RL 29150 m?.
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3, 104 5 AR A) E L9500 g R AE LA
FE, LR8N T AEAHT [ 5250 %5 4 C UKAR IR AT«
22 LZHAB5%E

2 th 4y B R FH v 4575 (Goodfriend et al., 2000),
TS TAEFRENL00 g, “PAHTEZRBL, N A SRKHEAE
TR, A R T 2, 48 hia Ik i
2 R, 500 H (0.03 mm) i Rt ik, s 57 Y
HHR 2R S VE S RN I, N FRES h, T -
TEW, PR L5 mLZ HUETF, 60°C AL, FAR &
W 2, AEAARLEE VR Rl IR, Kt
2 BRI S RRE100 g T S AT Ak R A B (4
/100 gt 1). FEAS LAEREHLAT1004% 28 HiEAT 50,
X2 UL T1004 10 4, X BT £k gk AT %
o AR Lk HUR) Sk BT 2R A NI A 2 B 45 B
LR 448 77 8 B MW & A4 2K 8 L (Plant-
parasites). £ 4 52k H (Bacterivores) . £ EL IR 2K
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2 L (Fungivores) . i £ 28/ %% 1 25 &; 1L (Predators/
Omnivores)(Liang et al., 1999; Yeates & Bongers,
1999). i hbrA R E T EAKHE (hE HES YRR
BI%) (FF3CE, 1998), MU 218 7R AR
2.3 HURGIT RALE
AR A R ) S e B R AR R 5 B R A
R MURTE SR I A . AR T2 DA R 5
R e R b 2 HUREUR) 1 73 U (%) k3R
{ESPSS12.0% fF FHEATHEIE « J7 2 3T A %
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3 HBREODM

31 AELHFAARXNTELHELE

ANTRIRE R A 25 SRR W] (3R L), gk gk
VG H{E10-898 45/100gT . AN[A] oA H 7 o
N R BN TN IS AR>S AR K >
J AN EOK > AN KRGS AR>S ) H b, AT
A 7 i b v TR, ) AN B T
i (P<0.01). ) 4P3FhAc HHbrH, UK &5 /KHE
Moz o) H LR BB A R . R N4
AR - MR 7 3R gk OB EOY I BN T
SRR L HE(E SRR - 38 2% 11U 40k 160-758
45 1100g T+, 7 B¢ 78 o b A dL BBy
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HW) 27 A2 R LR AR A 6 B kb 15 LAl 5
FEHBIAAT 25 1 25 57(P<0.01), TiIE) A3 FH b
ZIE MRS T R M E B EE R R, &
MR BAES ARG S A R, T4k
IKFEHL . AN . )N AR R R T e
(P<0.01), TMfE) AhKEHS ] A E Kz 0. A
FIERAMEL ST R ) A KRR b 2 (8] i
PEZE S, IR IR BRTE) Aok AR
Hu )RR TR 2 A (P<0.01), fE it
FEHb 2 [0 TG 525 1k 22 5 R R e
SR HL, [ AMKRER S T ATk, T R R
FRHL TP RR BB (R A7 7 3 P 7 7 (P<0.01), B3
A M2 )G 2 5

AHEE S FEPEYR AR Z, T
A ARG MR kIR, (M) AR Gk
P8, B L, mR IR R D, AR
THYTFAERE ALK, i, SEEE

F1 AELHFAART HIREHLBANREF LR L HEE(%/100gF 1) (mean £ SD, n = 3)
Table 1  Soil nematode numbers of different trophic groups in six land use types (inds./100g dry soil)

)2 A 25k e ek L ErEUR R A L e

Plant-parasites Bacterivores Fungivores Predators/Omnivores Total nematodes
] A (BIF) 2.39 +£2.40% 7.98 £2.77% 0.80 + 1.38"° 0.00 +0.00°° 11.17 £ 1.38°
JTNEBS A (PIF) 647.82 £ 116.07* 108.01 + 33.02°® 14.27 + 24.72%¢ 0.00 + 0.00" 770.09 + 110.81°
] 4h i (BOF) 39.92 +7.24%® 132.27 + 24.44" 0.00 + 0.00" 7.11 + 3.66™° 179.30 + 18.41°
] ANK S M (SOF) 398.41 + 75.32" 207.17 + 56.48 42.84 + 40.53*C 29.96 + 12.02°¢ 678.37 £111.52%
J A K FEHE (POF) 375.69 + 15.14™ 115.32 + 18.16™ 36.44 + 18.09%C 29.82 + 28.07°¢ 538.59 + 36.82°
J A K (COF) 351.59 + 11.75" 172.21 + 51.33"° 53.99 + 22.54°C 417 £7.23%° 581.96 + 38.17™

[ Z1) AAN ) /N5 B s - R 5 ST A 835 22 57 (P<0.01); )47 N ANIR]

G RERONE FR IS AT S 122 5 (P<0.01)

BIF, bare land inside the factory; PIF, stands of pagoda pine trees inside the factory; BOF, bare land outside the factory; SOF, soybean field outside
the factory; POF, paddy field outside the factory; COF, corn field outside the factory.
Different small letters in the same column indicate significant differences among soil samples (P<0.01). Different capital letters in the same row indi-

cate significant difference among trophic groups (P<0.01)
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Fig. 1 Relative abundance of soil nematode trophic groups in
different land use types. SOF, soybean field outside the factory;
POF, paddy field outside the factory; COF, corn field outside
the factory; BOF, bare land outside the factory; PIF, stands of
pagoda pine trees inside the factory; BIF, bare land inside the
factory

2k AR £
33 ARLHFBARTERENFEELRITHF

MELRT LR H, T R B MR R 5 A2 2
2 RN 32 5 d i, 1A 3184%, S LA S SRS B
F5.250%; | AhKEH. | ARk, ) A KFS
MR ) 7 HE 2 2 UM G =F 5 43 3l i 59% . 60% Fll
67%, JyHAhE FEARBEL A L4465 . 15045 /12.03
Fro ) AMAHURT) N R B A R S Lk HURE R R Sy
A TA%FNT2%, A HLARE F7 ST LR 2.85 1% il
2.571%,

A RE Bl 7 55 T R R P AR S A
B KT aw e i, iR ER T3 an g2 2k
2V EPOE ST E oy N 1 7/ o e e at 57 Se e 19 S I |
RESEAEGRPS . B Je L3R o 1 25 S sl (de it
U455, 2006), BRIb S, T3 BEHLIA 7~ (R 5200, WIRERY |
R X% (Bloemers et al., 1997; Venette & Ferris,
1997), {754kt + g2k b S Bk o fr ik (g
LA R S 2 HORE ST 2R 26 ) B AL /T AR
RE T E(ARRE TP Rl g 3Lk
B 60-80%), AIfigJREEAR AN TS, —

J7 I E R R Ay, A A R b,
— 7 ] BE G E M G, AT g
o, bR dUR K>, R AR A ) R R
Ik (Bongers & Bongers, 1998).

S 3k

Berkelmans R, Ferris H, Tenuta M, Van Bruggen AHC (2003)
Effects of long-term crop management on nematode tro-
phic levels other than plant feeders disappear after 1 year
of disruptive soil management. Applied Soil Ecology, 23,
223-235.

Bloemers GF, Hodda M, Lambshead PJD (1997) The effects of
forest disturbance on diversity of tropical soil nematodes.
Oecologia, 111, 575-582.

Bongers T, Bongers M (1998) Functional diversity of nema-
todes. Applied Soil Ecology, 10, 239-251.

Deng XB (RB#%ER), Zou SQ (4F#4 1), Fu XH ({146 ) (2003)
The impacts of land use practices on the communities of
soil fauna in the Xishuangbanna rainforest, Yunnan,
China. Acta Ecologica Sinica (ZEZ5%4R), 23, 130-138.
(in Chinese with English abstract)

Ekschmitt K, Bakony G, Bongers M (2001) Nematode com-
munity structure as indicator of soil functioning in Euro-
pean grassland soils. European Journal of Soil Biology,
37, 263-268.

Ferris H, Venette RC, Scow KM (2004) Soil management to
enhance bacterivore and fungivore nematode populations
and their nitrogen mineralisation function. Applied Soil
Ecology, 25, 19-35.

Freckman DW (1988) Bacterivorous nematodes and organic-
matter decomposition. Agriculture, Ecosystems & Envi-
ronment, 24, 195-217.

Freckman DW, Ettema CH (1993) Assessing nematode com-
munities in agroecosystems of varying human interven-
tion. Agriculture, Ecosystems & Environment, 45,
239-261.

Fu SL, Coleman DC, Hendrix PF (2000) Responses of trophic
groups of soil nematodes to residue application under
conventional tillage and no-till regimes. Soil Biology and
Biochemistry, 32, 1731-1741.

Goodfriend WL, Olsen MW, Frye RJ (2000) Soil microfloral
and microfaunal response to Salicornia bigelovii planting
density and soil residue amendment. Plant and Soil, 223,
23-32.

Hu F (5%8), Li HX (Z#%15), Xie LQ (i) (1999) Inter-
actions of bacterivorous nematode and bacteria and their
effects on mineralization-immobilization of nitrogen and
phosphorus. Acta Ecologica Sinica (4 7z R), 19,
914-920. (in Chinese with English abstract)

Hua JF (*#£#0%), Jiang Y (2£3), Liang WJ (3£302%) (2006)
Effects of vegetation coverage on spatial distribution of
soil nematode trophic groups. Chinese Journal of Applied
Ecology (I HZ4EA2%4R), 17, 295-299. (in Chinese with



5 6 3]

JABRIEE: AR DX R AR F A R RS AL 617

English abstract)

Li HX (Z#%15), Liu MQ (Xi#358), Hu F (#%) (2002)
Nematode abundance under different vegetations restored
on degraded red soil. Acta Ecologica Sinica (4:2%2#1),
22, 1882-1889. (in Chinese with English abstract)

Li Q (&), wang P (£ M) (2002) Current situation and
prospect of elevated atmospheric CO, effects on soil
nematodes. Chinese Journal of Applied Ecology (54
A274%), 13, 1349-1351. (in Chinese with English ab-
stract)

Liang WJ, Lavian I, Steinberger Y (1999) Dynamics of nema-
tode community composition in a potato field. Pedobiolo-
gia, 43, 459-469

Liang WJ (#:302€), Li Q (4=81) , Chen LJ (MR327%) (2002)
Effects of elevated atmospheric CO, on nematode trophic
groups in a Chinese paddy-field ecosystem. Chinese
Journal of Applied Ecology (M H 4 7 2% ), 13,
1269-1272. (in Chinese with English abstract)

Liang WJ, Li Q, Jiang Y, Neher DA (2005) Nematode faunal
analysis in an aquic brown soil fertilized with slow-release
urea, Northeast China. Applied Soil Ecology, 29, 185-192.

Liang WJ (£302%), Zhang WM (Fk T E), Li WG (Z54E5%)
(2001) Effect of chemical fertilizer on nematode commu-
nity composition and diversity in the black soil region.
Biodiversity Science (E4)Z ), 9, 237-240. (in Chi-
nese with English abstract)

Matlack GR (2001) Factors determining the distribution of soil
nematodes in a commercial forest landscape. Forest
Ecology and Management, 146, 129-143.

Meng FX, Liang WJ, Ou W (2005) Vertical distribution of
plant nematodes in an aquic brown soil under different
land uses. Journal of Forest Research, 16, 39-42.

Ou W, Liang WJ, Jiang Y (2005) Vertical distribution of soil
nematodes under different land use types in an aquic
brown soil. Pedobiologia, 49, 139-148.

Pate E, Ndiaye-Fayea N, Thioulouse J (2000) Successional
trends in the characteristics of soil nematode communities
in cropped and fallow lands in Senegal (Sonkorong). Ap-
plied Soil Ecology, 14, 5-15.

Ritz K, Trudgill DL (1999) Utility of nematode community
analysis as an integrated measure of the functional state of
soils: perspective and challenges. Plant and Soil, 212,
1-11.

Schloter M, Dilly O, Munch JC (2003) Indicators for evaluat-
ing soil quality. Agriculture, Ecosystems & Environment,
98, 255-262.

Urzelai A, Hernandez AJ, Pastor J (2000) Biotic indices based
on soil nematode communities for assessing soil quality in
terrestrial ecosystems. Science of the Total Environment,
247, 253-261.

Venette RC, Ferris H (1997) Thermal constraints to population
growth of bacterial-feeding nematodes. Soil Biology and
Biochemistry, 29, 63-74.

Wasilewska L (2006) Changes in the structure of the soil
nematode community over long-term secondary grassland
succession in drained fen peat. Applied Soil Ecology, 32,
165-179.

Wu JH, Fu CZ, Lu F, Chen JK (2005) Changes in free-living
nematode community structure in relation to progressive
land reclamation at an intertidal marsh. Applied Soil
Ecology, 29, 47-58.

Yeates GW, Bird AF (1994) Some observations on the influ-
ence of agricultural practices on the nematode faunae of
some South Australian soils. Fundamental Applied of
Nematology, 17, 133-145.

Yeates GW, Bongers T (1999) Nematode diversity in agroeco-
systems. Agriculture, Ecosystems & Environment, 74,
113-135.

Yin WY (F395) (1998) Pictorial Keys to Soil Animals of
China (7 [ t35h M R K1 %), Science Press, Beijing.
(in Chinese)

Zhang RZ (5K%¢tH), Yang MX (#W]%E), Chen P (BEIE),
Zhang TW (7KEEf#) (1980) Soil animals primary investi-
gation of forest ecosystem in northern slope of Changbai
Mountain. Research of Forest Ecosystem (frKAEA RS

5%), (1), 133-152. (in Chinese with English abstract)

(ifEgmti: F30R)



