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Table 1 Sampling sites of soil nematode
() (ml) () (t/hm?)
15.2 1075 4 30 2014.7.16
6.1 128 4 40 2014.6.25
15.5 1073 12 45~75 2013.9.10
15.1 1014 3 6.0~7.5 2013.9.30
15.2 1021 3 30 0.75 2013.9.30
15.2 1025 12 7.5 2013.9.23
0.75~1.05
16.8 1962 18 0.45~0.75 2013.9.28
17.2 1362 14 15~22.5 2013.9.26
16.9 1322 13 1.5 2013.9.27
2013 9 2014 6—7 4°C
3 1.2
3 pH ( 25:1)
S
6~8 0~20cm -
_ (8]
2
& 2 BNFMESMES DT RBAMR
Table 2 Physical and chemical properties of tested soils under organic and conventional managements
pH (H;0) (g/kg) (g/kg) (g/kg) (mg/kg)

7.21+£0.21 5.93+£0.10 35.82£0.64 47.00£1.13 2.09 £ 0.04

7.58+£0.11 7.71 £0.06 49.63 £ 1.83 20.74 £ 0.64 2.22 +0.07

6.79+£0.11 7.10+£0.01 28.50 £0.77 13.58 £0.35 1.69 £0.06

7.60£0.15 5.11 £0.07 10.69 £0.57 20.53 £0.32 0.81 £0.01

6.22+0.05 5.09 +£0.06 17.29 £0.37 20.02 £0.23 1.05+0.04

7.72+0.13 7.28 £0.05 25.86 £ 0.51 18.47£0.22 1.55+0.03

4.56 £0.06 4.22 £0.05 29.04 £0.71 29.36 +0.38 1.77 £0.03

3.81+£0.08 4.45+0.06 50.57 £1.08 9.99 £0.08 2.60+0.09

4.49 £0.06 4.59 £0.09 23.62+0.92 21.60+0.23 1.35+0.07

2.43+£0.03 0.80£0.01 0.90 £ 0.02
1.03 £0.03 1.37 £0.05 1.05 £ 0.02
0.94 +£0.02 0.81 £0.02 0.70 + 0.02
1.38 £0.02 0.94 £0.02 0.77 £ 0.01
1.23£0.02 0.42 +£0.02 0.55 £ 0.02
1.05£0.02 0.88 £0.02 0.76 £ 0.01
1.81£0.04 0.39+£0.01 0.45£0.02
0.43+£0.01 0.49+0.01 0.17 +0.00
1.36 £0.05 0.70 £0.02 0.51 £ 0.00

178.89 £10.21 219.15+£7.64
615.33 £34.10 345.09 £ 13.32
293.82 +£18.28 153.00 £ 6.66
247.00 £23.86 158.89 £12.03
204.88 £17.10 63.04 £2.28
85.95+£5.18 83.05+4.53
4996 £1.70  45.00 £2.31
153.00 £8.33 71.08 £4.43

13492 +£9.53 202.13 £11.03

1.3 4
50 g [o-10] (Bacterivores) (Fungivores)
(Plant-parasites) - (Omnivores-
100 g predators) -
100 ~ 200 k- c-p
1 ~ 5l

100
[11]

[12-13]
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1) Shannon-Wiener H' =3 pilnpi 1.4
pi i Microsoft Excel 2003 SPSS 20.0
t
2) Pielou J = H'/InS H
Shannon-Wiener S
(Two-way ANOVA)
3) Simpson A= Ypi* pi Statistica 7
i a=0.05
4) (Nematode channel ratio) NCR = Origin 9.0
Ba/(Ba + Fu)
5) (Wasilewska index) WI =
(Ba+Fu)/PP Ba Fu 2.1
PP
6) MI (Maturity index) (P=0.001) 1)
PPI (Plant parasite index) 370 ~ 1600 (
MI(PPI) = Zvi xfi vi ( 100 g )
) 1 553 367
c-p fi i 640 ~ 1 600
1037 (748 ) 14
200 o i W s, RS R
a a LI Lo
1500
A
g
ei 1000
g
5
500
BSC kT EOK AU ’ﬂ@ﬁ ;ﬁkﬂi W Ky bl P
( (P<0.05))
1 AEHHHEHNNENMENEAHEER
Fig. 1 Mean abundances of soil nematodes in different sampling sites
2.2 (Eucephalobus)
27 57 (Aphelenchoides) (Filenchus)(  3)
21 9 (Caenorhabditis)
10 - 17 57 (Diplogaster) (Cervidellus)
51  3) (Wilsonema) - (Thorneella)
(Cephalobus) (Ironus)
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3 50%
80%
- 18
12.8%
422
( 3) 28.5% ~ 76.6%( ) (P<0.01)( 1)
21.4% ~ 52.8%( )

*3 BHMENFMEENE T IRERNEEAN R THFERE (%)

Table 3 Community components and mean abundances of nematodes under organic and conventional managements

cp
Bacterivores 21 37.8 76.6 36.0 451 29.6 388 313 59.7 285 42.6
Protorhabditis 1 1.5 32.7% 4.6 182* 0.8 0.6 27.4%* 9.5
Cephalobus 2 6.1 17.0%* 2.5 7.4 9.9 5.9 6.4 13.8% 8.6 8.6
Eucephalobus 2 7.3 7.2 22.0% 2.1 0.3 2.9 5.9 7.5 3.7 6.5
Mesorhabditis 1 18.8% 9.5 45  14.6% 0.6 0.8 0.4 5.5
Rhabdolaimus 3 16.3*% 26.5% 4.8
Rhabditis 1 1.5 129% 1.9 1.8 2.0
Alaimus 4 1.3 0.7 0.5 1.1 2.3 11.3* 1.9
Fungivores 9 26.5 10.0 36.1 13.9 242 2.4 21.6 10.7 11.7 17.5
Filenchus 2 8.1 2.1 10.2* 24  18.0* 1.2 8.0 22 3.1 6.2
Ditylenchus 2 1.3 4.5 11.3* 4.6 7.8 4.7 4.2 43
Aphelenchus 2 14.6* 2.7 10.9% 5.2 0.9 0.2 1.0 4.0
Aphelenchoides 2 2.2 0.7 0.6 1.8 5.2 1.0 2.5 3.8 2.9 2.3
Plant-parasites 10 16.1 0.2 215 21.8  37.1 48.1 282 263 495 27.6
Hirschmanniella 3 1.9 19.1* 442*% 6.3 8.0
Pratylenchus 3 2.7 34 1.1 30.8* 4.2
Helicotylenchus 3 21.5% 6.3 3.1
Paratylenchus 2 0.2 0.6 24.3* 2.8
Tylenchus 2 18.0¥ 1.2 2.8 2.6 2.7
Rotylenchulus 3 21.8% 2.4
Meloidogyne 2 3.2 12.2* 1.7
Psilenchus 2 13.0* 1.4
Criconema 3 5.5 0.9 4.0 1.2
Omnivo-re-predators 17 19.7 13.3 6.3 19.2 9.1 10.6 189 33 10.3 12.3
Mesodorylaimus 5 0.9 2.5 10.7% 3.4 6.9 3.5 0.3 2.7 34
Microdorylaimus 4 11.8* 3.0 0.2 1.7
Aporcelaimus 5 2.0 1.5 1.1 33 2.1 2.9 1.6 1.6
Mononchus 4 0.7 5.7 1.7 3.7 1.3

Eudorylaimus 4 8.6 0.5 0.6 1.1
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cp

RIAE & B Bacterivores 17 39.2 47.6 389 397 214 528 327 248 27.1 36.3
Cephalobus 2 6.7 13.8% 17.0% 22.3*% 144% 14.0% 20.3* 12.1* 18.1* 15.3
Eucephalobus 2 3.9 14.0* 7.4 2.4 2.7 9.7 5.6 3.5 5.4 6.1
Protorhabditis 1 3.9 7.3 3.1 10.0* 0.9 0.4 2.0 32
Mesorhabditis 1 17.4* 2.4 0.7 3.3 0.7 0.4 2.8
Rhabdolaimus 3 21.3* 2.4
Acrobeloides 2 1.9 3.0 0.9 3.9 1.7 1.3
Panagrolaimus 1 1.2 5.1 1.5 0.4 1.1 0.9 1.2
B EE % H Fungivores 9 22.7 352 379 233 72 45 225 157 288 218
Aphelenchoides 2 5.5 26.8* 0.4 7.4 34 1.8 8.2 4.6 8.9 7.4
Ditylenchus 2 35 1.2 21.5% 4.6 0.6 1.1 5.5 7.8 3.8 5.6
Filenchus 2 6.7 1.4 6.5 3.5 3.3 1.5 7.3 32 6.2 44
Aphelenchus 2 6.8 5.5 6.9 7.8 7.2 3.7
B % H Plant-parasites 10 7.6 6.6 3.3 332 63.0 373 372 442 258 28.8
Hirschmanniella 3 1.6 54.8% 34.3%* 0.3 10.4
Paratylenchus 2 3.1 42.1* 5.2
Criconema 3 30.6* 3.5
Helicotylenchus 3 0.3 2.6 22.4% 2.9
Pratylenchus 3 5.6 0.3 0.4 24.7* 2.8
Tylenchus 2 0.7 6.0 3.0 3.1 1.8 0.3 1.7
Rotylenchulus 3 10.1* 1.2
oif;%&ﬁﬁfﬁiors 15 30.5 10.5 19.9 3.7 8.3 5.4 7.6 15.3 18.3 13.2
Mesodorylaimus 5 19.3* 3.0 6.0 2.0 4.3 2.8 3.0 1.3 0.6 4.8
Aporcelaimus 5 0.8 0.4 34 0.4 0.9 34 8.5 4.7 2.4
Mononchus 4 1.2 4.0 8.2 1.3
Microdorylaimus 4 7.1 1.3 2.4 1.2
Achromadora 3 5.6 1.0 2.4 1.0

1) (10%= =1%) ( >10%) 2)*

9 )
)
78.19%( 42.87% (H)
35.32%) 78.19% H 4)
(2
()
6
2.3 A
(H’) )
()

(H")

[14]
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Fig. 2 Principle component analysis of nematode community components under organic and conventional managements
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Table 4 Nematode ecological indices under organic and conventional managements

(H)
“)

@

(NCR)

(wn

(MI)

(PP

(PPI/MI)

2.38 £0.08a
2.43+0.14a
0.81 £0.04a
0.86 £0.03a
0.14£0.02a
0.12+0.02a
0.58£0.12a
0.63 +£0.03a
4.10£0.51a

2.00£0.08a
221+0.17a
0.78 £0.04a
0.80 £0.03a
0.19+£0.02a
0.15+0.04a
0.88 £0.02a
0.58 £0.05b
175.00*

16.33 £6.69a 27.57 +23.43

229+0.13b
2.76 £0.09a
2.20+0.03a
2.67+0.33a

0.97+0.07a
0.98+£0.14a

1.78 £ 0.04b
2.14£0.09a
2.00*
3.00£1.00

1.16*
1.38£0.09

1.81+0.08b
2.40+0.16a
0.74 £ 0.03b
0.85+0.02a
0.24 £0.03a
0.13+£0.02b
0.51+0.19a
0.51+0.07a
6.60+3.41b
25.56 +£5.48a
2.18£0.02b

2.41+0.03a
3.00 £ 0.00a
2.89+0.11a

1.38+£0.01a
1.20+0.05b

2.15+0.082a
1.98+£0.15a
0.79 £0.02a
0.78 £0.05a
0.17£0.02a
0.20 £0.04a
0.73 £0.08a
0.63+£0.01a
4.95+3.23a
295+ 1.65a
232+0.31a

1.99 +£0.08a
3.00 £ 0.00a
2.97+0.02a

1.35+0.20a
1.50 £ 0.06a

2.05+0.09a
1.58+£0.21b
0.81 +£0.00a
0.63 £ 0.06b
0.16 £0.01b
0.36 £ 0.08a
0.55+0.03b
0.74 £ 0.04a
1.48+0.17a
0.47 +0.08b
2.61+0.11a

2.50 +0.08a
2.53+0.17a
2.90 = 0.06a

0.97+0.07a
1.16 £ 0.06a

1.63£0.16a
1.91+0.08a
0.68 £0.02a
0.75+£0.02a
0.29+0.02a
0.20 £ 0.02b
0.95+0.05a
0.92+0.01a
0.86 = 0.09b
1.56 £0.14a
3.06+0.24a

2.47+0.04a
2.97+0.02a
2.93+£0.02a

0.98£0.07b
1.18+0.01a

2.78+£0.09a 1.92+0.15a 2.19+0.12a
2.15+0.06b 2.00 +0.20a 2.31 +0.12a
0.86+0.02a 0.75+0.03a 0.75+0.05a
0.81+£0.02a 0.75+0.07a 0.84£0.01a
0.09 £0.02b 0.20 £ 0.03a 0.19 +0.04a
0.17+0.01a 0.23+0.06a 0.13+0.01a
0.59+0.06a 0.84 +0.03a 0.71£0.01a
0.59 +0.02a 0.60 = 0.08b 0.49 +0.07b
2.03+0.482a 2.86+0.65a 0.84 +0.17b
1.49+£0.08a 1.00 + 0.26b 2.17 +0.08a
2.58+0.41a 1.63+0.18b 2.92 +0.08a

2.34+0.04a 2.65+0.11a 2.72 +0.05b
2.77+0.01a 2.08+0.02a 2.72+0.18a
2.83+£0.06a 2.01 £0.01b 2.96 £ 0.03a

1.14+0.21a 1.31 +0.14a 0.93 +0.06b
1.21£0.02a 0.76 = 0.03b 1.09 +0.02a

(NCR)
0(

(P<0.05)

*

0.5

1

NCR
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7
NCR 18]
(WI) MI
wi
/41 PPI
B >1
7 PPI/MI
e 9 Wi
1
wi 2.4
(MI)
(PPI)
pH
[17] MI
(c-p ) J A NCR
(c-p ) wi
PPI MI
PPI/MI
PPI/MI PPI
x5 ANMEHMERHE. ERLH. ETERHETEENEGRIEXRY
Table 5 Correlation coefficients between nematode abundance, trophic groups, ecological indices and soil physical-chemical
properties under organic management
pH
0.368 -0.153 —-0.182 0.474* 0.107
0.402* 0.324 0.197 0.751%** 0.560%**
0.199 —-0.149 -0.111 0.032 0.051
-0.020 —0.429* -0.368 -0.118 —0.453*
0.346 -0.244 —-0.233 0.323 0.078
(H) —-0.329 -0.088 0.000 —-0.352 -0.236
) -0.141 -0.058 -0.014 —-0.251 —-0.008
() 0.269 0.059 -0.005 0.339 0.116
(NCR) 0.076 0.283 0.225 0.362 0.162
wn 0.254 0.408* 0.229 0.565** 0.809**
(MI) 0.052 —0.583%** —0.525%%* -0.225 —0.473*
(PPI) 0.310 —0.726** —0.670%* 0.142 -0.217
(PPIIMI) 0.010 0.096 0.092 0.119 0.205
* P<0.05 ( ) *x P<0.01 (
[19]
3
3.1
Villenave 2" Liang [292"
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c—p 3
[22-23]
( r— k- cp
) 3 10 )
( )
[24]
30% ~ 120%L2"2526] ( )
Filenchus
3.3% 18.0%
pH
[27-29]
[30]
. . [25]
( 5) Filenchus Villenave
« 3
(15 ~
40 t) Protorhabditis
( 127% ~ 348%) (
L. - [31-32]
Protorhabditis  c—p 1 4~6 )
cp
c—p 1 2
62.5%  22.6% ( 6
F6 ZHUEMEDEBEAELSN
Table 6 Two-way analyses of variances for nematode populations and ecological indices
F-test P-value F-test P-value F-test P-value
10.347 *k 5.599 HAK 1.779 NS
15.492 HEE 10.917 HAE 4.615 kK
0.000 NS 4.921 ok 1.245 NS
4.411 * 5.397 Ak 2.455 *
2.797 NS 5.425 Hkk 3.771 Hkk
(H) 0.012 NS 6.68 Hkk 4.163 Hkk
) 0.447 NS 3.056 * 3.141 ok
(4) 0.017 NS 3.839 ok 3.881 ok
(NCR) 4.662 * 5.871 o 2.572 *
wn 40.606 Hkx 60.196 Hkx 36.39 Hkx
(MD) 0.814 NS 6.905 Hkk 5.035 Hkk
(PPI) 14.619 oAk 15.992 Hkk 3.608 Hkk
(PPI/MI) 0.396 NS 4.699 Hkk 3.213 Hkk
NS * P<0.05 ok P<0.01 ook P <0.001
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[35] 3
«C )
6
«C )
(
Pratylenchus
49.7%)
H(
(26, 36] (1] , , .
1. , 2011, 27(11):
224-230
NCR /44 2] i . L
NCR . , 2005, 17(2): 11-15
[3] Tu C, Ristaino J B, Hu S J. Soil microbial biomass and
wi NCR activity in organic tomato farming systems: Effects of
wi organic inputs and straw mulching[J]. Soil Biology &

(4]

Biochemistry, 2006, 38(2): 247-255
Melnychuk N A, Olfert O, Youngs B, et al. Abundance and

diversity of Carabidae (Coleoptera) in different farming



3 501
systems[J]. Agriculture Ecosystems & Environment, 2003, [23] ) ) >
95(2): 69-72 1. , 2015, 52(3):
[5] Weibull A C, Ostman O, Granqvist A. Species richness in 697-705
agroecosystems: The effect of landscape, habitat and farm [24] Ge T, Liu C, Yuan H, et al. Tracking the photosynthesized
management[J]. Biodiversity & Conservation, 2003, 12(7): carbon input into soil organic carbon pools in a rice soil
1335-1 355 fertilized with nitrogen[J]. Plant & Soil, 2015, 392(1/2):
[6] Yeates G W, Bongers T. Nematode diversity in agroeco- 17-25
systems[J]. Agriculture Ecosystems & Environment, 1999, [25] Villenave C, Saj S, Pablo A, et al. Influence of long-term
74(1-3): 113-135 organic and mineral fertilization on soil nematofauna when
(7] ) growing Sorghum bicolor in Burkina Faso[J]. Biology &
1. , 2005, 16(8): Fertility ?f Soils, 2010, 46(7): 659-670 . N
1 541—1 546 [26] Hu C, Qi Y. Effect of compost and chemical fertilizer on
8] [M] soil nematode community in a Chinese maize field[J].
.2000: 12-290 European Journal of Soil Biology, 2010, 46(3—4): 230-236
2 .
[9] , i . [27] , , , .
1. , 2004, 23(3): 149-151 9. ;
[10] 2012, 35(2): 99-104
. 2015, 47(1): 128-134 (28] ; ; - RN
H ’ ’ 008 902-910 o 200
M]. , 1998: 51-89 29 P
[12] Bongers T. The maturity index: An ecological measure of (291 G ’ ’
. . . [J1. , 2015, 47 (4): 805-811
environmental disturbance based on nematode species [30]
composition[J]. Oecologia, 1990, 83(1): 14-19 ’ ’ ’ '[J] 2015, 35(19):
13 . ' ’ ’ '
[] 7 ’ [J]7 2012, 23(11): 6 2396 268
’ ’ > 23(11): [31] Mcmahon S K, Williams M A, Bottomley P J, et al.
3 057-3 064 . . . . . .\
. Dynamics of microbial communities during decomposition
[14] Moore J C, Hunt H W. Resource compartmentation and the . . . .
. of carbon-13 labeled ryegrass fractions in soil[J]. Soil
stability of real ecosystems[J]. Nature, 1988, 333(6170): Science Society of America Journal, 2005, 69(4): 1 238
261-263 1247 ' ’
[15] Wasilewska L. Long-term changes in communities of soil [32] Henriksen T M, Breland T A. Carbon mineralization
nematodes on fen peat meadows due to the time since their . o
) ; fungal and bacterial growth, and enzyme activities as
drainage[J]. Ekologia Polska, 1991, 39(1): 59-104 affected by contact between crop residues and soil[J].
(el . ; ; Biology & Fertility of Soils, 2002, 35(1): 41-48
L1 © [33] Nahar M S, Grewal P S, Miller S A, et al. Differential
2013, 24(12): 3 508_3 516 ) effects of raw and composted manure on nematode
[17] B.or.1ge.rs T, Féms Hi Nematode com.mur.nty structure as a community, and its indicative value for soil microbial,
bioindicator in environmental monitoring[J]. Trends in physical and chemical properties[J]. Applied Soil Ecology,
ECOIOgy & Evolution, 1999, 14(6) 224-228 2006, 34(273) 140-151
[18] > ’ : [34] Wang K H, Mcsorley R, Marshall A, et al. Influence of
1. » 2008, 16(1): 80-85 organic Crotalaria juncea hay and ammonium nitrate
[19] > > > fertilizers on soil nematode communities[J]. Applied Soil
[J]. , 2013, 50(5): Ecology, 2006, 31(3): 186198
997-1 005 [35] , , , . Simpson Shannon-
[20] Villenave U, Bongers T, Ekschmitt K, et al. Changes in Wiener << >2[]].
nematode communities after manuring in millet fields in ,2011, 28(4): 527-531
Senegal[J]. Nematology, 2003, 5(3): 351-358 [36] Bulluck L R, Barker K R, Ristaino J B. Influences of
[21] Liang W, Lou Y, Li Q, Zhong S, et al. Nematode faunal organic and synthetic soil fertility amendments on
response to long-term application of nitrogen fertilizer and nematode trophic groups and community dynamics under
organic manure in Northeast China[J]. Soil Biology & tomatoes[J]. Applied Soil Ecology, 2002, 21(2): 233-250
Biochemistry, 2009, 41(5): 883—-890 [37] R ) s
[22] Esperschuetz J, Gattinger A, Mader P, et al. Response of [J1]. , 2013, 44(1):
soil microbial biomass and community structures to 106-109
conventional and organic farming systems under identical [38] , , , .
crop rotations[J]. Fems Microbiology Ecology, 2007, 61(1): [J1. , 2011, 48(6):
26-37 1235-1 241



502 48

Survey on Ecological Characteristics of Soil Nematodes in
Organic Agriculture in China

MAO Miao', WANG Lei*, XI Yunguan®, XIAO Xingji’, WANG Hui’,
LI Huixin', JIAO Jiaguo'’, WANG Xia>"
(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2 Nanjing

Institute of Environmental Sciences, Ministry of Environmental Protection, Nanjing 210042, China; 3 Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: In order to know the ecological characteristics of soil nematodes in organic agriculture, soil nematode
abundance and diversity were compared in 9 organic cultivation and conventional cultivation soils from East, Central and West
China during the period of 2013—2014. The results showed that 27 families and 57 genera of nematodes were identified. The
total number of nematodes was about 1 037 individuals per 100 g dry soil with organic management, remarkably different from
that with conventional management, so was the bacterivores. The bacterivorous nematodes (Cephalobus & Eucephalobus) and the
phytophagous nematodes (dphelenchoides & Filenchus) existed in all the organic sampling sites. From the aspect of nematode
ecological indices, overall, Wasilewska index (WI) and Nematode Channel Ratio (NCR) of the organic farming system indicated
that soil conditions were relatively healthy with bacteria dominant in the decomposition of the soil debritus food web. While no
significant difference was found between the organic and conventional managements in other ecological indices. Significant
correlations were observed between oil physicochemical characteristics and the nematode numbers, W1, MI and PPI.

Key words: Organic agriculture; Soil nematode; Community structure



