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Abstract: To explore the effects of long-term fertilization on the characteristics of soil nematode communities
of wheat field in Weibei dryland, a long-term positioning experiment ( 1984-2018) of the National Agricultural Ec-
ological Experimental Station in Changwu County, Shaanxi Province was conducted. Different fertilization
treatments, including bare land (L), as well as wheat fields without fertilizer (CK) , nitrogen and phosphorus fer-
tilizers (NP) , organic fertilizer (M), nitrogen and phosphorus combined with organic fertilizer ( MNP ) were set
up to investigate the abundance, composition, structure and ecological indices of soil nematode communities in
farmlands. The relationships of nematode communities with soil physicochemical properties were also analyzed. The
results showed that: (1) Soil nematode abundance in wheat fields were significantly higher than that of bare land.
CK, M and MNP treatments increased the abundance of soil nematodes by 31.63% ~56.20% , compared with NP

treatment. (2) Fertilizer treatments mitigated the decrease in the relative abundance of bacterial-feeding nematodes
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(i.e.Cephalobus) . The relative abundance of herbivorous nematodes decreased significantly in the treatment of or-
ganic fertilizer (M) treatment. At the same time, the relative abundance of omnivorous/predatory nematodes in M
and MNP treatments increased by 18.4% and 8.24%, compared with CK, indicating the promotional effect of or-
ganic fertilizer on omnivorous/predatory nematodes. (3) Under long-term fertilization, soil nematode Shannon di-
versity index (H) and Wasilewska index ( WI) were 1.80~2.19 and 0.36 ~0.68, respectively, which were lower
than those in bare land (H=2.36; WI=1.57). However, compared with other treatments (L, CK and NP), M
and MNP treatments obviously increased the maturity index ( MI) and structure index (SI) of nematode communi-
ty, indicating that organic fertilizer application helped maintain the structure complexity and stability of soil food
web. (4) Changes in soil total nitrogen, organic carbon, microbial biomass carbon and nitrogen and dissolved or-

ganic carbon under different fertilization treatments were important environmental factors affecting soil nematode a-

bundance and community pattern.

Keywords: nematodes; community structure ; wheat field ; long-term fertilization ; physicochemical properties

of soil; Weibei dryland
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10.26 m, 5% 6.5 m,/NX[E]FE 0.5 m, XA E]FE 1 m,
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AN [ Ak 1 g 5L A it B S R it A o L6 1,

xR E YA BRI R ER R

Table 1  Trial treatment setting table
) , HLAL
JOBL] 1E#) . " o Oﬁrg{}nic
Nitrogen Phosphate
Treatment Crop /( kg . hm’z) /( kg . hm’z) manurci2
/(t+hm™)

MNP /NAZ Wheat 120 26 75
NP /NAZ Wheat 120 26 0
M /N Wheat 0 0 75
CK /N Wheat 0 0 0
L J& None 0 0 0

T (1) MEAERNE  FHE S IRZR  BEIE o = BB NG sl BERR S , A
HUIB 226 (2) 1985 4R 1986 4F i A Jiti % 40 3 FH &M 60 kg -
hm > HABAE () T A it AL BT 120 kg - hm™, (3) /N2
1984—1985 4F R A< i B AR L B2 RAfET O BE Y 7211 (4),
1986—1990 3% A 76(39) -131, 1991 444 89(1)3-4,

Note: (1) Nitrogen fertilizer is urea, phosphate fertilizer is three—
material phosphate fertilizer or superphosphate, organic fertilizer is cow
dung. (2) In 1985 and 1986, the application rate of nitrogen fertilizer
was 60 kg + hm™2, in other years, all nitrogen application was 120 kg *
hm™2. (3) Wheat species: 7211 (4) in 19841985, 76(39) -131 in
1986-1990, and 89(1)3-4 since 1991. All wheat species were selected

by Changwu County Agricultural Technology Extension Center.
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2.1 ARMERLET TEMIELER
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RN (P<0.05) , 3 HLBR T rliEPER Z 40, Higx
TR R P MNP>M>NP 1928 fb#a 3, kA
St FIFEAE MNP b B iR (B AE NP AR 5 2%
=T M, AR ETE NP AR, AE
M Fl MNP 2bFRIC 2 3 25 55 (P>0.05) . TESA &=
FE MNP Ab3 e i 25 5 T oAt o 21, AR {35k
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FE>10%) (£ 3) , #H (L) T3k )& ( Cephalobus) Al
E5 J1)E (Aphelenchus ) FXF =1 5 2 & T HA AL #H
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TR T AHPLIEXS Z2 &/ 2 dA R HEEH
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AR, 5 L CK AL BRI FETE R R 25 R, PCA Hi
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AN v it RS Ak 2L A - M 2 o BV B SR SR A
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TEAN [F) A B ) HAR D = B HLA Bk 25 2% 5 (P<0.05)
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AHXT B BARHE T M L(29.20% ) >NP (23.49% ) >M
(19.37% ) >MNP (16.19% ) >CK( 10.48% ) ; £ HLIH 4k
H [FIREAEAR L (L) HoAE X =F B e (23.17%) , Hik
A CK 4b# (12.38%) , 7 M NP Fl MNP H #: Ik
(3.81%~7.62%) ; i A HLAL A 2 b B2 B/ &
2 B AR R B (M2 33.33% ; MNP . 23.17% ) B i
T HABAL P (13.33% ~15.86% ) ( P<0.05) (K 3) .
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Table 2 Effects of different fertilization treatments on soil physicochemical properties

b " s S0 ™ NO;-N NH;-N poC DON MBC MBN
© 0 _ _ — — - -
Treatment P /(g-kg') /(g kg!) /(mg-kg") /(mg-kg!) /(mg-kg") /(mg-kg) /(mg-kg) /(mg-kg™)
L 7824004 154910452  6.56:034d  0.76:004d  0.76x0.07b 038x0.02ab 2.25+0.15d  5.80£0.16 37382294  7.21x091c
CK 7920072 13.960.18b 7.18:0.05d 0.82:001d  020:008d 031:004b  244:0.04d  501:009d 61.29+4.14c  8.19+0.98¢

M 7.84+0.03a  13.52+0.34b 10.67+0.22b
NP 7.84+0.02a 13.35+027b  9.67+0.23¢
MNP 7.89+0.03a  13.84+0.52b 11.63+0.18a

1.27+0.01b
1.05+0.03¢
1.39+0.01a

0.41+0.07¢
0.38+0.02cd  0.40+0.02a
1.35+0.06a  0.34+0.0lab  6.44+0.19a 21.71+1.06a 107.35+3.05a 17.56+0.59a

0.37+0.02ab  4.58+0.14b  10.29+0.36¢
3.68+0.18¢  13.30+0.5b

96.91+5.84ab 14.53+1.31b
91.87+2.99b 13.87+0.66b

W SWC, HHESKE;SOC: HHEA MR ; TN %0 NOS-NAHA S NH -N A% DOC, HHERT % A% ; DON. +HERT %M %(; MBC.
TAEY A Wi i s MBN : UEMAEW R A, T, FSARIE/NE FREFR S A BRI 22 53 ik 2 (P<0.05) ,

Note: SWC :Soil moisture content; SOC:Soil organic carbon; TN: Total nitrogen; NO; =N Nitrate nitrogen; NH}; ~=N: Ammonium nitrogen; DOC:

Soil dissolved carbon; DON: Soil dissolved nitrogen; MBC: Microbial biomass carbon; MBN: Microbial biomass nitrogen. The same as below. Different

lowercase letters in the same column indicate significant differences among treatments( P<0.05).
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Table 3 Mean relative abundance of soil nematode genera under different fertilization treatments

BRI J& W5 c—p 8 AbFH Treatment
Trophic group Genera Abbr. c—p value L CK M NP MNP
)& Acrobeles Acr 2 3.17b 1.59b 5.08ab 8.25a 4.76ab
k& Cephalobus Cep 2 15.87a 5.40b 7.62b 8.89b 7.62b
REMEE)E Cervidellus Cer 2 0.32 0.00 0.95 0.00 0.95
BF WEJE Chiloplacus Chil 2 0.63be 0.32¢ 3.49a 2.86ab 1.90abc
ESLM & Eucephalobus Euc 2 2.22 1.27 0.32 1.59 0.63
/MFJE Rhabditis Rha 1 2.54a 0.00b 0.32b 1.27ab 0.00b
JBLELLIE Chiloplectus Chi2 2 0.32 0.00 0.00 0.00 0.00
L2288 Plectus Ple 2 4.13 1.90 1.59 0.63 0.32
W )& Aphelenchoides Aphl 2 0.63 0.32 0.63 0.32 0.32
FF HE T Aphelenchus Aph2 2 21.59a 9.84b 5.40b 6.35b 3.17b
I JE Tylencholaimus Tyll 4 0.95 2.22 1.59 0.95 0.32
228 Ditylenchus Dit 2 12.70ab 16.83a 8.25b¢ 9.84abc 4.13¢
Y2T5EJE Helicotylenchus Hel 3 1.59 2.54 0.63 1.27 0.63
BV I Neopsilenchus Neo 2 0.95 0.63 0.00 0.63 0.00
UL HEJE Pararotylenchus Parl 3 0.63 0.00 0.00 0.00 0.32
PP £tJ@ Paratylenchus Par2 2 0.63a 0.00b 0.00b 0.00b 0.00b
SR Pratylenchus Par3 3 13.02¢ 41.27ab 28.57b 38.41ab 49.84a
)R Rotylenchus Rot 3 0.32 0.63 0.95 1.90 0.63
SRALIE Tylenchorhynchus Tyl2 3 0.00 0.00 0.63 0.00 0.95
HI1)& Tylenchus Tyl3 2 0.32 0.32 0.63 0.95 0.32
BUJ&E Xiphinema Xip 5 4.13 0.00 0.00 0.00 0.00
LA JE Aporcelaimellus Apo 5 6.03b 5.71b 18.73a 5.71b 13.65a
EHE Kochinema Koc 4 0.32 0.32 0.95 1.27 1.90
WA L@ Microdorylaimus Mic 4 1.90 1.59 0.00 1.90 1.59
Paraxonchium Pard 5 0.63 0.95 0.63 0.32 0.00
Wi 4RJE Prodorylaimus Pro 4 0.00 1.27 0.00 0.00 0.00
oP REWE Thonus Tho 4 2.86b 4.13b 11.75a 5.08b 4.76b
B )& Discolaimium Disl 4 0.00 0.32 0.00 0.63 1.27
FLMHJE Discolaimus Dis2 4 0.00 0.00 0.32 0.63 0.00
ZENHJE Nygolaimus Nyg 5 0.32 0.00 0.00 0.00 0.00
Paravulvus Par5 5 0.32 0.00 0.32 0.00 0.00
¥tk )R Prionchulus Pri 4 0.63 0.32 0.00 0.00 0.00
Trischistoma Tri 3 0.32 0.32 0.63 0.32 0.00
% J& Dominant genera( >10% ) 63.18 58.10 59.05 38.41 63.49
H ULJ& Common genera( 1-10%) 28.57 37.46 33.02 56.18 31.10
4 & Rare genera( <1%) 8.24 4.45 7.91 5.38 5.39
2k B JE %L Genera number of nematode 29 23 23 23 21

TE:BF: AL FF. EEAH PP, MELH 0P, v/ MEg ., TR, R ARNG PR R B 22 5 8.3 (P<0.05) , &

B R R W AR X 42 AR b B W) 22 AN

Note: BF:Bacterial feeders; FF; Fungal feeders; PP Plant—parasites; OP; Omnivores—predators. The same as below. Different lowercase letters in

the same line indicate significant differences among treatments ( P<0.05) , while unlabeled letters indicate insignificant differences among treatments in

relative abundance of this genus.
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wd : i
S 3 600F a 1
— g oy
D g 5
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X2 4007 I
> 642 638
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o 2 2 541
g 200 411
3 243
=<
0 1
L CK M NP MNP

i I 4k 2 Ferllization treatment

T B AN R /NS R 3R s AR B ) 22 S 3 (P<
0.05) , IRFELARRIRMER % .

Note: Different lowercase letters indicate significant
differences among treatments ( P<0.05). Error bars represent
standard errors.

B 1 FAEEERLETLEEZHNFERE
Fig.1 Abundance of soil nematodes under different

fertilization treatments
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2k 2R B (H) A BT REAG, B AL S J I
et A HLIE (MNP ) 23R 2% 2% 5 (P<0.05) , T
LB R s 5 Z R 8L (H) A, SR, 7E it
AFE WAL TR (M A MNP ) 3382 v i s 45
BOMI) B35 THHL (L) (P<0.05) , i FE Y 25 A= 2k
HAEEL (PP FEANFR AL H P OC B % £ 5% (P>0.05)
FUWTHR RAG B (WD) 5L M AR5 (H) A
IR S, RIZERR M (L) s (1.57) , AEA
A B it A7 HILAE b BE( MNP ) H B I% (0.36) , £t
IR B NCR) 72 R AL CK Ak B p 8 /N T
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0.5, 2% B AT LTS3 ik L o3 fff S5 55008 11 L TR 43
fifiEAR R TR (L) TR A b A A SR
FLb B (M NP F1 MNP) Y900 B FF 5 3F KT 0.5,
FEWTLIC 5 73 fife o 28 A0 U 240 0 0 A i A2 o 4l
T, 2R HULE R PR B0 ST) AE T AT Ak B JR) G
ZE5E(P>0.05) fHr A /NAZ AR F AR (L) #R A
IS R B2 MR MNP, & SR B (ED YN T
50, FF7E M A1 MNP Kb SR AR, i 25 I T8k b ( P<
0.05) , 15a B it FH A AILIE S 35 RAIR T 38 W Xt ]
I FH G R A i o7 R L) i s L 55 Ay e A
B,

2.5 TEBUMREHELZHBEENXER

TCARAIHT (RDA) Hil W il 433 e B T 26.71% il
10.46% (745 505 B, 45 R W, L35 A Pk
AR A R R TS T Al 2 i 4 R A
WEZERNZEK (P<0.01) (K 4), HEESA H LK,
A A R R T I A ML RN 34 5 B
LR AR (Par3) , DL I 2% B/ B 48 AL FL W g
(Apo) FEEIJE (Tho) LB R IEMI KR, 5258
( Dit) FELHE )@ (Aph2) HEBI A AICOE &R, 1M+ 3%

=
—_ Pro @CK ABF
Hel B FF
+
Par3 i +pp
+ u Dit
Pard <+ OP
s Mic
& Disl Neo
) +
b i
S Rot + Fuca pbri
& NP ® Aphom
@ Thd @ Dis2 ) APle
% MNP / Tri
= Tyi2 Iyi3
= +
& Koe ™ ® o " Nyg NLip
5T Cer + Chi2®s,
Chil % Parl™ A
Acr Bpars Rha
Aphl A
- Cep
Th . . .
—1.0 5514 Axis 1 (5.357%) 1.0

TE T RMA R R 2 40 AR S SCILFR 35l
RETFR L CK M NP Fl MNP HCEA FIRACAL B ; BF (FF PP
M OP fRERL R EFRERE, TIF,

Note : The italics represent the abbreviations of nematode gene-
ra, as shown in Table 3. The capital letters in bold black front,
namely L, CK, M, NP, and MNP, represent different fertilization
treatments. BF, FF, PP, and OP represent different trophic groups
of soil nematodes. The same as below.

B2 FEMEEAAET LEEHAEEEMS M (PCA) E
Fig.2 Principal component analysis (PCA) of soil nematode

communities under different fertilization treatments

FoKEMIEARR (B 4) o Mg SRR, + 15
PRAG T 54 R BEVE A S A TR B A
BUIMCR(FRS) , LHREGR(TNA) B/
HLEB] (OP% ) | BU B 48 50 (MI) | 2k L3 1 48 2K
(NCR) MZ5HF8 50 (S ¥15 H IR MY Y
SRR, DL T A AL 2 8 35 IE AR COC R (P
<0.05) , M EHEEL R LH|( FF%) Shannon ZFEE
ERC(H) FVE LA R (ED WIAH IR, 5% 26 4 3 P ot
BRERELR(P<0.05), AN, EEHEHLRIL
B FLH SR R85 (W) s T8 5 (BT 5 S K
R B EFHLER(P<0.05), 5 HEA LIRS B
FRA KR (P<0.05)

0.7

C o

| M cK
M

| EZnp
MNP

<
w

M1 % = FF Relative abundance/%

PP op
2k d1E 7% J5 B Soil nematode trophic groups
A RN T REFR R AR E FREE T A B R 22 5 B3 (P
<0.05),
Note: Different lowercase letters indicate significant differences
among treatments under the same trophic group (P<0.05).
B3 AEEELE T HELREEFERLLG/ %
Fig.3 Proportions of soil nematode trophic groups

under different fertilization treatments

Mic

0.8

5200 Axis 2 (10.46%)

—0.6

—1.1 H1%h Axis 1(26.71%) 1.0

B4 TEEZRBESTERBVERNTRSHT
Fig.4 Redundancy analysis (RDA) for the relationships
between nematode communities and soil

physicochemical properties
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Table 4  Ecological indices of soil nematode communities under different fertilization treatments

AbFE Treatment H A Mi PPI NCR wi El SI
L 2.36+0.18a 0.13+0.03a 2.51+0.12¢ 2.79£0.23a  0.56+0.04ab  1.57+0.27a  39.43+6.11 a 58.89+11.94a
CK 1.94+0.21ab  0.25+0.07a  3.12+0.15ab  2.70+0.09a 0.45+£0.08b  0.39+0.11ab 32.71%3.33 ab 80.92+8.06a
M 2.19+0.03ab  0.16+0.01a 3.47+0.21a 2.77£0.05a  0.72+0.02ab ~ 0.68+0.09ab 21.35+2.18 bc 87.37+4.97a
NP 2.10+0.05ab ~ 0.19+0.01a 2.80+0.2bc 2.79£0.05a  0.75+0.06ab  0.59+0.06ab 29.01+7.22ab 71.43+5.6la
MNP 1.80+0.03b 0.28+0.02a 3.39+0.06a 2.92+0.03a 0.81+0.01a 0.36+£0.03b  15.06+1.40c  86.04+2.43a

TE:H: Shannon ZAEVETRE; A . JUHAEREHG MI: REATETREL; PP AW A7 AL 28 BB S NCR 2 IV B LU (B WI: LI AR RAE 8L BT 4
BHG S 5RAEE, TR, RISIARRE/NG P RE 7R A B ) 22 5 48 3% (P<0.05)

Note; H: Shannon diversity index; A; Simpson dominance index;MI; Maturity index; PPI: Plant parasites index; NCR: Nematode channel ratio;

WI. Wasilewska index; EI: Enrichment index; SI: Structure index. The same below. Different lowercase letters in the same column indicate significant

differences among treatments ( P<0.05).

£S5 TEBAMRELAFEFENEIEREY

Table 5 Correlation coefficients between soil physicochemical properties and nematode community characteristics

FEHR Index Swc SOC TN NO;-N NH; -N DON DOC MBN MBC
TNA -0.27 0.82%* 0.78" * 0.59" 0.09 093" " 0.83" " 0.82"" 076" *
BF% 0.37 -0.21 -0.18 0.11 0.47 -0.11 -0.25 -0.22 -0.34
FF% 0.54* -0.78" " -0.75" " -0.16 0.29 -0.68" " -0.75" " -0.82" " -0.88" "
PP% -0.30 0.15 0.12 -0.03 -0.46 0.28 0.21 0.23 0.31
OP% -0.37 0.67" " 0.66"* 0.11 -0.02 0.32 0.59" 0.61" 0.64" "

H 0.50 -0.60 " -0.58" -0.33 -0.25 -0.64" -0.56" -0.53" -0.57"
A 0.47 -0.41 -0.41 -0.23 -0.22 -0.45 -0.38 -0.32 -0.39
Mmi -0.43 0.65"* 0.64" 0.12 -0.32 0.41 0.65" " 0.65"" 0.70"*
PPI 0.25 0.33 0.33 0.43 -0.44 0.37 0.39 0.34 0.25
NCR -0.28 0.78 " * 0.77" " 0.49 0.17 079" " 0.76 " * 0.80" " 072"
wi 0.56 " -0.53" -0.48 0.03 0.45 -0.46 -0.52" -0.56" -0.69" "
EI 0.52* -0.86" " -0.88" " -0.39 0.20 -0.77* " -0.88" " -0.83" " -0.85" "
SI -0.46 0.60" 0.59" 0.07 -0.39 0.40 0.61" 0.62" 0.71" "

oo Fl o 3 BIRFRTE P<0.05 Fil P<0.01 25 B3, TNA £kt By, BF%, FF%, PP%HI OP% /3 MIAN R S4B HE a2
/AR TR MM T A SRR XL 4, HEFEE RS XL 1,

Note: #* and * * represent significant differences at P<0.05 and P<0.01, respectively. TNA is total nematode abundance; BF%, F¥% , PP%,

and OP% represent the relative abundance of bacterial feeders, fungal feeders, plant parasites, and omnivore—predators, respectively. The abbreviations

of nematode ecological indices and soil physicochemical properties are shown in Table 4 and Table 2, respectively.

30w
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