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The soil macrofaunal community structure under a long-term fertilization in

wheat field

GU Yanfang'** , ZHANG Li*, DING Shengyan'”, QIN Shengwu’
1 Institute of Ecological Science and Technology, Henan University, Kaifeng 475001 ,China
2 College of Life Science, Henan University, Kaifeng 475001, China

3 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China

Abstract: Soil fauna are an important component of farmland ecosystems. They play a very significant role in the
decomposition of biological remains, affect soil properties and enhance material recycling and energy conversion in the soil.
Conversely, soil factors determine the existence and activity of soil fauna.

The aim of this research was to examine the effects of long-term fertilization on the soil macrofaunal community
structure. It was conducted in a wheat field at the Fengqiu (35°00’ N, 114°24" E) Agro-Ecological Experimental Station of
the Chinese Academy of Sciences in the spring of 2007 and 2008. A long-term located fertilization experiment was
established in 1989. There were 7 treatments, and each treatment had four replicates : a control with no fertilizer ( CK) ,
chemical fertilizer NPK, chemical fertilizer without K ( NP ), chemical fertilizer without P ( NK), chemical fertilizer
without N (PK) , organic manure (OM) , and half organic manure and half chemical fertilizer (1/20M + 1/2NPK). N, P
and K chemical fertilizers were applied to wheat as follows: 150 kg/ hm® N fertilizer, 75 kg/ hm® P,y fertilizer, 150 kg/
hm® K, O fertilizer. All P, K and OM fertilizers were applied as basal fertilizers, whereas N fertilizer was added in two
applications as both the basal and supplementary fertilizer. A total of 3068 soil macrofaunal individuals belonging to eight

classes, 19 orders and 28 families were collected. The highest number of total species was found in the OM treatment and
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the lowest number in the NK and CK treatments. Both groups (F = 2.51, P < 0.05, df = 55) and individuals ( F=
8.99, P < 0.01, df=55) of the soil macrofauna differed significantly under the different fertilization treatments with
greatest numbers of groups of macrofauna in the OM and NPK treatments and lowest numbers in the NK treatment. The
species similarity index of soil fauna (S,) was highest in the NK and CK treatments (S, =0.80) , and the species similarity
index between groups (S,) was highest in the OM and NPK treatments, being > 0.70. The highest diversity indices of soil
macrofauna ( H') were observed in the OM and NPK treatments and decreased in the order; H' , (1.91) > H' , (1.83)
>H' | overmex (1.80) > H' ((1.74) > H' (1.64) > H' , (1.56) > H' (1.02).

Principal component analysis (PCA) revealed the contribution of the first (PCl) and the second (PC2) principal
components as 47.14% and 30.10% , respectively. PCl was significantly positively correlated with the number of groups
(R =0.82, P<0.05) and individual numbers of soil fauna (R = 0.85, P < 0.05). PC1 was linearly correlated with
soil macrofaunal individuals (y = 0.335x-2. 163, R*= 0.51) and soil macrofaunal groups (y = 0.042x-1.25, R* =
0.67).

The soil macrofaunal community structure was similar in the wheat field following organic manure addition and balanced
NPK fertilization. Numbers of earthworm numbers and its natural enemies were enhanced by the addition of OM. Soil

organic matter and available P content were the key factors affecting the composition of the soil macrofaunal community.

Key Words: soil macrofauna; community; long-term located fertilization ; wheat field

TSR HAES RGN E R IR 2 —, B A YRR s + R R R AR 1
ey G A B A R iR E AR A, FIA R R S N P T s AR S s L
SRR A BRI AR ) 2 REPE B2 A R B R n 52 e 2 DR R ™ ek 1 i B T A8 P it , AN ()i
JESHE it XoF - 98 T it 5 R B = A VR SR, PR ORI St A X - 358 S RV R AE B A ) A R R AR
BRGF M EZRE , 57BN AR A 716 S ik e 7 =X i il B e A 2448 — e BRI 1 5g
M5 e 04 o A FP S AR L R B R+ BEEh ) (MR K > 2 mm ) 32 A% A B R % 5% i T
B SEARRAR A S RGBSR R I MRS A | SR T RIS YRS T R X,
{EL R AR 5K I [R) it A it T = 398 0 0 R 4 0 5 o, S 30 B30 R SRR AR AT K 3 2 A7 A A 52 6 WL
it S TR RE A X VR 7= i | 398 AE 3 FER BT RE M 9 ] 5 053 o AR R A 4 300 it S o7 52 560 L AF 9%
F AN [7] i A8 it o A L S8 s () sE el R 350X 78 43 1) FH 38 50 0 %) AR ol e 498 o % 3R
Jita R4 it EL A L B R S
1 HRAE
1.1 B HIAE DL

PR AE H ERLEBEE A AR AL AT, B A T I R A, s b R, MR B 114014
E,34°53'—35°14'N,, il DX Jr 7 b & ~f= 1 ) 52 108 % vl 28 KU, AR -2 K 38 605 mm , 4F78 & i R
1875 mm, 4SRN 13.9 °C, =0 CHURLE 5 100 °C LA L, TTCFIMITE 220 d 247, 24F H BIEUE 2300—
2500 h Z ], H Bk 55%  uh X R B TR 67.5 m, Hi T /K (3 R AS R AE 5—15 m Z[A], Wl A HAESR
eI o A e A IE 5250 T 1989 AFRRK R IE A A B 525
1.2 L5t

SEEGE T NAEPE 4 RER AL 28 AN/NX BEHLIX A HES]  ANBE A HLIE (OM) CEAHLIE(1/20M+1/
2NPK) B 3247 (NPK) (B (NP) BRBE(NK) BRE(PK) AHEAE(CK) ., N.P K AELL N P,0,F1K,0 44,
A HUIE(OM) LUK RERY 2 HE R 3, b BBy R 0 R S DE IR 0k, Zead e R B Ja it . IR FH R A /NE N
HE R 150 kg/hm?, Hid1 90 kg/ hm? £ g HE AR, 60 kg/ hm® 4F 38 BB T, P K B FH 43 %104 75 (150 kg/
hm? . FiE K N IEFH4 150 kg/ hm? , Hid 60 kg/ hm® /E A FEAE 90 kg/ hm? VB HEE ;P K AEFH 4>
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B4 60,150 kg/ hm® , Horp P K BB S5 HLIRERYE N FAE— WA . i FHRTSE0Hr N P K 3800 fr i, ISEN &=
SR, AL POK R POK AR AN E B 5 R A/ NEZ - K — AR WA, A S R /N 22
Pl AR AZ 9023,
1.3 FEAPREE S Fr R e

T2007 2008 4F-4 H ], HL0—20 cm #H/2 13X LS Wi T H A . A7 R/NA 50 em x 50 em, B
FEJT ¥4 0—5cm 5—10cm ,10—15em \15—20 em Z3)Z B0, BUH £FE)G , HEEER TR S &2 R
330, AR PSR, T 80% TP RS AR AT [, I SE B0 =5, ) T e BT S5, — M e 3
BE BB S E 2 E | Rl Ge i MR 7 SR 0—20 em 3 I 5E H I8 pH (8 HIEA LT HHEA N A5
PAMKTE(ELD,

F1 KHEEMMERALIEZ B T8 RCF5SE. )

Table 1 Soil physical and chemical properties in wheat field with long-term located fertilization ( mean+SE. )

PGS 2R/ (g/kg) AL P/ (mg/kg) LR/ (g/kg) HAE/ (mg/kg)
Treatment Total N Available P Organic C Available K pH
oM 1.20+0.02 23.31%2.33 9.96+0. 11 190.15+10.22 8.10£0.04
1/20M 0.96+0.01 11.81£2.12 8.1220.12 180.85+9.23 8.1320.11
NPK 0.690. 01 9.23+0.36 5.950.01 178.99+14.02 8.15£0.08
NP 0.64+0. 02 9.55+1.23 6.00=0.22 59.57+8.53 8.170.05
NK 0.56=0.00 1.0622.10 4.58%0. 15 298.78+19.46 8.29+0.03
PK 0.48+0.01 26.86+1.45 4.06=0. 04 296.78+23.87 8.36+0. 09
CK 0.460. 01 0.840.11 4.68=0.18 77.28+15.23 8.340.05
1.4 b

FR A IR i 7 AR R 1 T A R R 0 25 SRR S A, BN AR e KA B 19 10. 0% DL B
FNHERE H1.0%—10.0% & NH WERE, AL 1.0% # NAE R, T 2 reEe 50 %
Shannon-Wiener ZFEVEFEEUAN Pielou 5] FEFR 8, Bl H = - z PilnPi , J = H'/InS . Sorenson AR5 %L S, =

2¢/(a +b) ,Whittaker FIRIPETEELS, =1 - 0.5, |ai - bil o

Giitas B S AR B BRI, R R AR BRI AT LSD Jr 2243 MT . VA 45 4 B s B LA e M
(PCA) , fi— FEH T — 2T BUIASHT ANGe AR UG 45, BT 43 H R FH SPSS13. 0 4K {7,
2 H#R
2.1 KA AL HE T R 35 S WA T A B

2007 2008 & ZA7 H A A R A 9 3068 3k (£ 2) , )8 8 49,19 H .28 B, HHULLLH (OM
F11/20M) KA 3SR BUR A, 439000 771 Sk 716 Sk 5 BBEAL (NK) Ab BRI AL ( CK) i #R 40>
1A 125 SkAT151 3k, KA S SIS ER LA HUAE Ab R A% v, i/ b i A Ak B0 RN AS it A FH mp Sh 4 2 e B i
A HARARAT S FL B BRI Sh Y 1 TIE E R SO LSRR, AR AR A o AR
28.69% F129.38% , P15 Sl 4 = B2 M 5| 28 (1) o5 % L 45 ( Eisenia foetida ) \W53# H 32 22 )& MUEL ( Formicidae )
B, ZRETE 1% —10% [F WA 1 B sh P 1T R Ui g 5 0GR R H 4 B wRO% 240 1) sk H
H e % L H A2 LW IS 2 B 5,
2.2 KW AE A B R e sh ) o Ak SR

it AE A R KA + IR S AR R B B R AR AL, 3B A X 28 AN SEE/NX 2 a VAR T RIS AL+ HE S
PSSR BHEA T 26 3 DT R0 S 3 PR 50, 25 SR s, AN () AF 3 ) KA -+ S Sl ) S ORI MR i s S+
ANEFE(P>0.05, df=1) ; KIEACALFE T KA+ S sh W 2B (F=2.51, P<0.05, df=55) 2553 .3, A%
(F=8.99, P<0.01, df=55) =5 B3, KA+HEIYEE G ZED T 10—15em EHP(E 1), BB
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CK ALBEAMZ GBI Ut AT 52 i 3 5y 4> (A Bl o3 A1 15 28 B B0 A #a 35— 2, AT HILIE (oM,
1/720M) FIE SR Ak BRACH & AL PR g, oA UIE AL PR ) B R s sk RAE B A AR, ORI S sh 14
EREMTES Sk PN

F2 KHTREHEIELIEAE + 5 3h ¥ 2B AN 80F0 & B (2007 F12008 45)

Table 2 Groups and individuals of soil macrofauna in wheat field with long-term located fertilization (2007 and 2008 )

S AP Treatments S8y EFs
Groups OM 1/20M NPK NP NK PK CK Total Abundance
J& L B Ophisthopora 256 205 147 93 29 94 54 878 I
HEFLH Plesiopora 8 8 24 28 12 40 4 124 ++
il B Stylommatophore 10 10 0 4 6 10 4 44 ++
¥ H Diplura 4 8 8 0 0 8 0 28 +
HR A H Geophilomorpha 40 16 28 21 7 17 8 137 ++
A H Lithobiomorpha 0 0 4 0 0 0 0 4 +
BE#A H Scolopendromopha 0 4 0 4 0 4 4 16 +
Wk H Araneae 32 39 38 38 10 42 14 213 ++
£:4 H Symphyla 24 48 28 60 8 16 4 188 ++
%2 H Isopoda 25 37 82 14 20 20 8 206 ++
#3# H Goleoptera 27 21 20 13 4 0 0 85 ++
#43 H %1 1. Goleoptera 20 26 24 8 12 4 24 118 ++
JiE53 H Hymenoptera 301 262 165 71 13 63 24 899 ot
£ H Hemiptera 4 4 0 0 4 0 12 +
B# H %1 Diptera 12 8 8 4 0 0 32 ++
[7]3# H Homoptera 12 16 7 23 0 7 3 68 ++
1353 H %) 3 Lepidoptera 0 4 0 0 0 0 0 4 +
H#MH Orthoptera 0 0 0 4 0 0 0 4 +
M H Tsotera 0 0 0 0 0 4 0 4 +
248 H Thysanoptera 0 4 0 0 0 0 0 4 +
SZEBEEL Total number of groups 14 17 13 13 11 14 11 20
JSAMAEL Total number of individuals 771 716 583 381 125 333 151 3068
E=15—20cm § 0—15cm 5—10cm 0—5cm

Nnmber of individuals

E1

Fig. 1 Vertical distribution of soil macrofauna in wheat field with long-term located fertilization ( mean +SE.

Number of group

8

0

Treatment

2.3 KUt IR Ab B R R 4 e sh A £ B VE REE AR (L
FIA [t AT b 2 - 3 2 ) ~F BEFR A R (3R 3) A HUIE B 3R BhE A S5 ey | Bl  RURIAS it AT A
PR W3 TFE(P<0.05) , ZREMEFR B KBIIMRIR N H (o (1.91) >H' ), (1.83) >H' | oumnex (1. 80) >H'
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(1.74)>H' (((1.64)>H', (1.56)>H' , (1.02) , &I FnA HLAL AL BREE O R 58 50 0 AE ) 2R | S/ ATy
— B SRR FEUE Y Z R B W2 IR (P<0.05)  Jit A ALAE B SR 5 A AR b A 35 S 345
FREETE BB (H B AR B AL FE A4 &) BEFE B 2 T I (P<0.05) | ASJiti A A B 447 57 BE fe /N (P<0. 05 )

®3 KHEMHERALETEBAR TN SRS CFEL £SE. )

Table 3 Biodiversity indexes of soil macrofauna in wheat field with long—term located fertilization ( mean +SE. )

Kb Treatment FEFE(S) Group richness ZREPEFEEL(H') Diversity index 5] BEFE %0 ( J) Evenness index

oM 7.87+0.10a 1.83+0.06a 0.66+0.06a

1/20M 7.13+0.07ab 1.80+0.12a 0.65+0.02a
NPK 7.50+0.05ab 1.91+0.03a 0.67+0.01a
NP 6.37+0. 10abe 1.74+0.05b 0.66+0.01a
NK 5.75+0.09bc 1.64+0.11b 0.62+0.02ab
PK 4.80+0.05¢ 1.56+0.08¢ 0.59+0.01b
CK 5.75+0.09bc 1.02+0.08d 0.37+0.02¢

[R) B A ) B e /R AR TRl b PR ) 22 53 5 2 (P<0.05)

KA FEENE T ISP AR U AT iR 4 FoR . ARRUE R4 S, S Be i 2R Is D ph i AR B 7 Ak 28
1) 38 Sh W REE P FRE L) e 5 LA SR R AN it I Ak BBV AFL AL d5 i (S, = 0..80) , A HILAE 38 3% V-l b ¥ 5
B8 FRAS BEARRAR ARG S, S Bt () S FHE v 1) A A 4L AR AR | DA AL 785 5 350 i Ak 38 fR AR /55, S,
PIRTF 0.70 ;A HUEAL FEFN G AL EE S, 311K, M 0. 44 F10. 50, 3 HLE & & A Eesh vl BE e 2 m K+
Bk i AR

F4 KEEMEELETEBRXETENWBECEREY

Table 4 Similarity coefficient of soil macrofauna in wheat field with long-term located fertilization

FEHh Plots OM 1/20M+1/2NPK NPK NP NK PK CK
OM 0.76 0.71 0.67 0.64 0.62 0.57
1/20M 0.70 0.74 0.70 0.56 0.56 0.56
NPK 0.75 0.75 0.71 0.69 0.60 0.69
S, NP 0.52 0.61 0.54 0.64 0.76 0.72 S,
NK 0.50 0.44 0.59 0.57 0.72 0.80
PK 0.61 0.56 0.63 0.66 0.67 0.73
CK 0.55 0.55 0.56 0.60 0.59 0.65

2.4 KB SESYIREIE R U 2R A b

AT S YRS 2 KT 1% B ZSHELL R EAT 2 504 o0 A, S U 3 ANy, H R BTk ik
92. 47% ,Hrp o — F Mo (PC1) A Z FE Mo (PC2) STHRFN 77.24% , K12 & PC1 #1 PC2 BIVERIJpAT . &5
R R R ALAN BEAE PC il - BT A S 4435 78 PCL il A HILAE 35 35 2 i A e Ak B4 4 A 4l 1E 7
], S BRI HR A T PC1 Al 67 7 1) 5 78 PC2 il I HLAE A B RN Sl A B 4346 78 1E 7 1), Heg Ak A Ab B4y
AAEIT I, KA IS REAE PCL PC2 TF 5 18] X M A 42 | i S BB 72.27%

HE— 2 X5 — R BUA S HIE S Y BB ARG T R ARG 35, PCL 5 28I B 2 IE A OC (R =
0.82,P<0.05) , 5 LW AR IS R i IEAHE (R=0.85,P<0.05) . MR EAHT(E3),8—F
5 KA L IS BRI 2 Rl v =0. 042x—1.25( R =0. 67) , 45— FE K 75 KA - 53 WA A5 1)
KFEHN y=0.335x-2.163(R*=0.51)

3 iTig

K0t FH AT HLAE ST HLAE 5 A & BREA T, Al 0 25 42 H 30 DLAR B g it | R M KR

it JE 2% A e 28 7 PR ) = 39 v 8 S A RO, 5 ) T R ) 4% RV | MR | A SR T R - v i A
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A AR R A TR T - 3 Bl g b K — st
HBE TR 2 R K B, AR 3 e y
WH R, WEISITE A IR MR AR R 0 09 %
HEEAEH AR AR T AR, A B bl ] Y 28 05

HEAEP AU A A S & 2 B EAEC (R>0.90, P<
0.05). MEEIAREH SRR TE | / B
Fe ok AR R TRy, 59 ANE ] 448 5 1 38 17438 1 1 AN oK

B R T B, AT T s L b, 4 top T
S SR N 18 S o o0 [ 7 ] ) IO S —
FEREAY, (HRk A B RS ARSI R PCL (47.14%)
HIRPERUN(R=0.23) o XTRERMBMZ LA TIE @y wmemimmnTsBLm s SonmesEmns s
RIZ TEEHBOR, Z BRI & /NZ K F I Fig.2 PCA of soil macrofauna communities in wheat field with
e B /DNXAERE I Fr, 4@ W A long-term located fertilization
(Scarabaeoidea ) S I A A b i T BT A E JefLE 2. EfLE3. BkEH4. FEHS. WEHG6: #HlkHE 7.
B sy, ZERG AT LI 75 76 9 5 L0 B R A b B ey (P 8¢ BRI O RO 10: BRI 11 JbRAs

B IR R B SR AN M AL B A OG0 B 4 S S 5 i

15+
PK

r:IJZOM

8
202
(5)10

PC2 (30.10%)
o

NP

80 [
10
©
%]
g S ol
© 8r 2
> =
5 £
T 5
2 6 40t
E g o
z >
©0)9) z
47 y=0042x- 1.25 20l y=0.335x - 2.163
Re=0.67 R2=0.51
2t O @g
O 1
1 0 1 2 3 -1 0 1 2 3

B3 KPEMEELETERRRTENYS PCl HIXR

Fig. 3 Relationship between PC1 and soil macrofauna in wheat field with long-term located fertilization

1 & A= 54 B pH B A A 25 BORA G, K0 DLAE AT NPK B Ak B B pH (AT B AR (£ 1) AT
WA KA . Whittaker FRUPEAE BB AR | 25 38 Pt FH AT DL A8 FR P HDIR B0 T, L 38 S W e 7 A i
AHUE LIRS /8 SR A PR VR 45 A 22302 . [)RE Sorenson AHAIPESS SR 7R LA B/ D BENE , ) FhAH
IAPERS R X 2R th TR A PRl i U BR BT EL
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