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X AP B A S e A TR RO T RIS R A, AR RIS IS MRV e SR NG R T
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Effects of fertilization regimes on soil faunal communities in cropland of purple
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Abstract ; Soil fauna regulate soil processes affecting soil organic matter decomposition,, mineralization and nutrient cycling,
and play an important role in terrestrial ecosystem nutrient cycling and energy flow. Management of cropland, especially
long-term fertilization, has considerable impacts on soil properties, and also affects the composition of soil faunal
communities. The Sichuan Basin is an important agribusiness area in southwestern China which occupies 7% of the national
cropland and supplies 10% of the agricultural products of China. The typical soil in the study area is highly productive and
is called “purple soil” locally. It is classified as a Pup-Orthic Entisol in the Chinese Soil Taxonomy and an Entisol in the
U.S. Taxonomy. However, the influence of long-term fertilization regimes on soil faunal communities and how indices of
these soil faunal communities respond to changes in soil properties are poorly understood. To investigate the effects of long-

term fertilization regimes on the soil faunal communities and their inter-relationships, seven fertilization regimes, a control
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with no fertilization ( Control Check, CK) , nitrogen fertilizer only ( Nitrogen, N), a mixed synthetic fertilizer ( Nitrogen
Phosphorus Potassium, NPK) , organic manure ( Organic Manure, OM) , organic manure plus synthetic fertilizer ( Organic
Manure Nitrogen Phosphorus Potassium, OMNPK ), crop residues returned to the soil as fertilizer ( Returning Straw
Decomposition, RSD) and crop residues plus synthetic fertilizer ( Returning Straw Decomposition Nitrogen Phosphorus
Potassium, RSDNPK)) were applied to the purple soil of the Sichuan Basin, China, and examined in May, July, September
and November, 2008 using modified Tullgren and Baermann funnels. A total of 9,454 individuals were collected, and
classified into seven phyla, 17 classes and 24 orders. Analysis of the data showed that the soil faunal communities were
richer in the OM, OMNPK and RSDNPK plots, and that the greatest diversity of the soil faunal communities was found in
the OM and RSDNPK plots, being significantly higher than those in the CK, N and NPK plots. Application of organic
fertilizers promoted diversity and abundance of soil faunal communities, and was favorable for their survival and
development. Analysis of variance indicated that different fertilization regimes had extremely significant impacts on the
density of the main soil faunal groups (F=42.412, P=0.0001) and led to imbalances being present in the soil faunal
groups. Analysis of the relationships between the fertilization regimes and the main groups of the soil faunal communities,
using Principal Component Analysis, showed that the different fertilization regimes primarily affected six indices of soil
fauna; individuals in the soil faunal population, individual nematodes, individual megadriles, individual Oribatidas, the
DG index ( density-group diversity index) and total groups in the soil faunal communities. Therefore, we consider that
changes in the cropland soil faunal communities have a relationship with differences in long-term fertilization management.
These six indices of the individual soil fauna population; individual Nematodes, individual Megadriles, individual
Oribatidas, the DG index ( density-group diversity index) and total groups in the soil faunal communities can be used to
predict changes of soil fertility caused by long-term fertilization application, and have great potential as bio-indicators of

changes in soil quality.
Key Words: soil fauna; fertilization regimes; principal component analysis; purple soil
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IS A S R BT 0 AR Al B BRGSO i AT X - 19 3y 1) 5 o BE 9 S AR Bk
Z O R, AR SO TR I AR, A R A S R AR T 2 3 s R PR DEIR O R b b A H - 4 B
Vit is b T8 LIRS S T B Z RO R  RIHC I I 77 20N s B A v B2 A vt -3 5 )
HET& IS B AR TP ; A 58 6 R FAE W) Z RV S 2 RE | I IR & SR O IE 52 SRR
1 #REFZE
1.1 WXL

R AT R R B R 52 58 0 b AR AR SR 0 (105°28 "B, 31°16 'N) N, Ji AP 2 AT R 11 22 KU
i, P 805 5 5% (0 OB B ok 3 TR 58 € a0 Al T3 5 Sl 17,13 °C, B i i 40 °C, e R Uil
=5. 11 °C; ZAF-FFERT i 826 mm , R F T MY, F 5 5.2% , % 65.2% ,BkF19.2% , % 58.2% ,
T 294 A2 HHEONERBIAIE O L O P, )2 20—80 em, HEHEN A TR (Alder
cremastogyne ) FAAK ( Cypresses funebris) 1 3K, FERAEYIA KA (Oryza sativa) , EK (Zea mays L. ) /N
( Triticum aestivum) . H % (Ipomoea batatas Lam. ) JM=¢( Brassica campestris L. ) ,
1.2 st

R J T I 30 A1 A 5 0 i R - P A v AT N IR 6 mx4 m B ARG T 2002 4F, &/DNX
TR 60 em, FEGEACAL BN A HEAC AL B (CK) BRE AL (N) AR G AC (NPK) B A PLIL
(OM) ($£3%) A HLIE-TLIE L it (OMNPK) (i A3k B (RSD) A AF-fL IE TR i ( RSDNPK) , B AL 7 5 WL 3% 1,
A FRAE IR 5 — Uit AERE, i T3 B A1 P 24 46 R FSOCIR VE ) RS AT, B AL BRBEBLZEHE 3 A EE A2, it
R A BRI [R)— it BRSPS 2 SRR AR R E A& & HRA UL SR S BT AR
i IR A AL AL B A R, PR B D AN - R OK BT

F1 BHRE RS FTEEERELL SR

Table 1 Application rates of synthetic fertilizer, manure and crop residues

3 E K Summer maize

T e 75 =X e feFNe FEFFE H B
Treatment Synthetic fertilizers /( kg/hm?) Pig slurry Crop straw Total nitrogen
N P,0s K,0 T/hm? returned T/hm? /(kg/hm?)
CK — — — — — —
N 150 — — — — 150
NPK 150 90 36 — — 150
oM - - - 50 (152 kg N) - 152
OMNPK 90 90 36 20 (61 kg N) — 151
RSD — — — — 7.5 (151 kg N) 151
RSDNPK 90 90 36 — 3.0 (60 kg N) 150
2 /N#F Winter wheat
T e 75 = e feFNE FEFFE H B
Treatment Synthetic fertilizers/ ( kg/hm? ) Pig slurry Crop straw Total nitrogen
N P, 04 K,0 T/hm? returned T/hm? /(kg/hm?)
CK — — — - - -
N 130 150 - - - 130
NPK 130 150 36 — — 130
oM — 152 — 43.5 (131 kg N) — 131
OMNPK 78 151 36 17.5 (53 kg N) — 131
RSD — 151 — — 6.5 (132 kg N) 132
RSDNPK 78 150 36 — 2.5 (51 kg N) 129

CK: TCHEXS I8 Control check ; N ; BAJiti ZUIE Nitrogen;NPK:ﬁfﬂﬁfﬁHE Nitrogen phosphorus potassium;()M:%ﬁ@ﬁmHE Organic manure ; OMNPK ; 15
HLAC-LACEC it Organic manure nitrogen phosphorus potassium ; RSD : #5#F3£ Hl Returning straw decomposition ; RSDNPK ; # #F-fL AR i Returning straw
decomposition nitrogen phosphorus potassium
1.3 FERCRESEE

S3HITE 2008 4E% 5,79 11 Ay R RIERESY 5 HF 9 H 4351 /N2 Tl B K U f5 R o B4~
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FEREHBIR 1 50 emxS0 em BEJ7, FIPRBLA 100 em® 1 F HIRFERS 1 LTI F 43 3 2 (0—S5 em 5—10 em Fi
10—15 em) B EFZI100 em® 1A% WR4E LS Y) AT 50 em® (19 H i RAE 5D 5250 em’ +
BE, ZIRER , FAREHCRAE 3 A HHERE S FH LA e + HEH IR e R R4 SRR T AR
AIBEIS W bR [ 2 46 %8

12 FH O R Y U 32 B ( Tullgren ) FIREIR 3} 2% & ( Baremann) , 7E 60 W Y FH KT R4t 24 b, #4710
T S AR L S 53 8 WCSEARARATAE T5% WORE f . AT 43 BIRE S 7 S0 3B (B L ST (AL
RH WA SZ16) AR F 5 T Y@ HE S S Rk b E RS R R E ) P (B gk
) PAE BRE AN ORI A 3 S BB RGN AR . i RGBT 2 i R AR A AT 5 T
TR AT - AL
1.4 Hfiiaba

1) HHEBh Y ZRETERE A

H =- Z P.InP,
i=1

A, S NI BIREL P, AR | ARG £ R A

2) Pielou 5] i 55 >

J=H'/InS

K, S BT PR H S ZREETR 4L

K1 Bonferroni 16 1F 22 5l 30 12: | RUKE T IE S WA A0 A g (a+ 1) S5 3EAT T 25 53 Bt LA W AN [ i I Ak
B2 ) 25 5

3) - BHRB(DG)

DG = (g/G) Y, (D,C/D,,.C)

KA, D, N BB D, NE R | BB RS C/ C FREANTEE A i AN IEHEH B L
g NBEE D IBEE G A TR AL B 1 BRI, R e A TR P ) R AR X ok 1

4) R F2 5805050 B JE B4 B AS TRl it A0 5 X6t 358 sh R0 A0 5 22 - R sh W 2R RO SE Ii)

fii A is %, R SPSS 16.0 il Excel 2003 # /R TACR] , Z2 5 FL AR LSD 32, SO/ ING FREF AR 22
SARE(P>0.05) , FHEARRRF2ZER BE (P<0.05)
2 BER55H
2.1 HHEETEAER

2% it A Ak TR %) 5 B - SRR M RS T 46 25 IR ) S B A I R A S R, KUt A LR BRS AT
i AL FE (OM ,OMDPK \RSDNPK) 1) 34 #L 5T A 280wk | S A0HR % 8 1 3% = T CKONPK R N 48 AE 77 =X
(P<0.05) 3 f -1 2 5 BB AL AT A B N, Rk B B B /K (P>0.05) 3 % 28 ML A o %
S TCATUIE Bt A AIUIE SRS A4 i+ 3 25 B R AIC, FL B BE 4 in 5 CK A B8 1% 45 T 48 A de (1R, ik 5 LK
TEAANEE TR T AR B VIR, I, NPK LB 575 HUAE FLA it HH A it AE Jr 2 48 8 45 0 1= H 3 e
AR A T ik ) o A
2.2 XA I IR SRR AR R

K HZREPERR B 4 51 B Fg BOR 3 & +8 4, Bl Shannon-Wiener 880 (H ') . Pielou ¥J 5] FEF8 80 (J) 1
Margalef & FEFEEL(d) SEHEFR AT AS R AL 7 2t e sh W vk 2R bE s, 36 3 o RIS R VR 2 4F
PE S E S FEERBGTIRS R, LSRR 2R R 5] B B i AR 5 X RSDNPK, ik 2
OM, CK /INX LSS Wit ¥ A P R S0Pk f iR (35 3) ; OM il RSDNPK Jiti HE 753X L3 S ¥ v% Shannon-
Wiener ZFEMEFREU(H ') B2 5T CK N Al NPK 4b# (P<0.05) , et AL 5 202 6] JC B 5 22 5+ (P>0.05) 5
RSDNPK Jifi AAL 2 1) + HE S Wy 75 25 5 BEFR B (J) 38 T2 N FIJCHEXT B CK( P<0. 05) ;% T 350
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33 %

FEIERE(d) ,RSDNPK H NPK Jifi ILAL Bl i, HLE 2 & T CK(P<0.05) et At Ak BR8] -+ 5 5 My 4 72
T 25 (P>0.05) o RUKIEAL )y Ary A ISz T A I 3 e 45

F2 AEAEEAXTEELZEBENMER (2008)

Table 2 Main soil properties under different fertilizer regimes

Jiti AL AL B Treatments CK N NPK oM OMNPK RSD RSDNPK
SOM /(g/kg) 7.71¢ 9.84b 8.87hc 10.20ab 10.20ab 10. 88a 10.90a
TN/ (g/kg) 0.64a 0.78a 0.70a 0.77a 0.74a 0.76a 0.71a

TP /(g/kg) 0.63a 0.72a 0.75a 0.72a 0.73a 0.69a 0.75a

TK/ (g/kg) 20.32a 19.99a 21.63a 19.99a 19.55a 19.63a 20.07a
AN /(mg/kg) 39.24a 44.32a 39.98a 43.21a 42.29a 43.11a 45.12a
AP/ (mg/kg) 4.19b 4.38b 5.76b 10. 44a 12.33a 4.71b 10.30a
AK/ (mg/kg) 78.33b 76.55b 87.48b 86. 88b 95.45ab 138.87a 132.84a
SBD /(g/cm’) 1.38b 1.33b 1.32b 1.31b 1.28ab 1.18a 1.26ab

SP/% 49.27b 50.30ab 48.02b 50.30ab 51.52ab 55.65a 51.63ab

SOM: H3EA ML Soil organic matter; TN -3 E % Total nitrogen; TP . 13 & Total phosphorus; TK: -4 &4 Total potassium; AN, - 355s,
fi# &, Available nitrogen ; AP A B W Available phosphorus ; AK A+ IR Available potassium; SBD ; + 4257 Soil bulk density ; SP . TR
J& Soil porosity ; %1 THI A1 FRE R R 22 R B3 (P>0.05) 5

#x3 TEFMEESHESHSE (mean = standard error)

Table 3 Diversity and evenness of soil fauna community ( mean + standard error)

it AL Az 2 FREEL(S) R/ (A/m?) e 5 (1 ) BISIRE () FEE(D)
Fertilization regimes Groups Density Shannon-Wiener Evenness Abundance
oM 36 14116 1.77+0.06 a 0.4920.01 ab 4.3320.22 ab
OMNPK 41 14752 1.64+0.21 ab 0.4420.07 ab 4.87+0.05 ab
RSD 39 17504 1.600.11 ab 0.48+0.04 ab 4.5320.01 ab
RSDNPK 46 20408 1.93+0.07 a 0.60+0.01 a 5.270.30 a
N 35 10056 1.34:0.12 b 0.37+0.03 b 4.3420.33 ab
NPK 43 12988 1.39:0.14 b 0.43+0.05 ab 5.19£0.29 a
CK 35 10156 1.26+0.31 b 0.35+0.10 b 4.28+0.26 b

BATHR F R R R 22 5 A B3 (P>0. 05)

2.3 JiiAE X S T2 B R B R

PR LSS W RETS ) R B S2 IR AL 7 A E I, 8 5 1 DL SR AN DL (A B o5 A T
filiAk i 10% L E I PUERE ST 1% —10% Z 895 WASHE) | RIZE R a2 R Rk 5517 Bk
B HHTACTTME H AR H A 8 36, X He A AN RIEIE 7 R e sh Wy i R 22 S . T 25 b
KW (K 4)  WAETT 30 e 1 B B 25 S iAWk . E K (F=42.412,P=0.0001) ; T 3Egh ) 32 %

SR 2 ] O FR R 2 1 2 Stk Al B 5 7K (P=0.003)

x4 TRBEARTLENMEEZXBTENTEZSH

Table 4 Variance analyses on soil fauna densities under different fertilization regimes

AF SV Source SS df MS F P
JAESE Model 2500618 55 45465.790 42.412 0.0001
MEAEJ7 3 Fertilizations 46458.45 6 7743.075 7.223 0.004
+IEEHFEHE Soil fauna groups 2216040 7 316577.088 295.316 0.003
MEAL x2S HE Fertilizations X groups 238120.21 42 5669. 529 5.289 0. 000
2% Error 120063. 30 112 1071.994

ST Corrected Total 2620681. 62 167

SS. B2 Sum of Squares;df: H HE Degree of freedom; MS: 77 Mean Squares; F;: 4tiTiE FStatistics; P; .3 Significance
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XIATRERE 77 T e ah ) B8R 0 2= R AT R 00, 25 R WL 5. BR RSD il At J5 =X LS,
RSDNPK Jiti At 75 =X (1) - 438 2y %8 g 5 L e it A T X4 22 5 38 4 25 /K F (P<0. 01 ) ; OMNPK it it 7 =X 1 1 48
LR S NPK L7 U2 A BN (P>0.05) , 5 HERAL 7 20 22 il 3% (P<0.01) . CK -4
YRS N NPK JEAE 5 R TC B E 2 RANP>0.05) , SHE /N A R BEZE S (P<0.01) . A WL, i
BTy 2% - 498 54 T2 TSR A 25 s ) 5 A ATLIE e FH AN HLIE (LGRS AR F) 540 AE ( NPK) it 45 Ab
B IS AN R S AT AL B Y + SRS W Rl R 2 S

£S5 TRBELENEEZELRNMHFZTESERER

Table 5 Multiple comparisons on soil fauna densities in different fertilization regimes

Ei?l?‘;in regimes CK N oM RSD NPK OMNPK RSDNPK
CK 1

N -8.04 1

oM 20.93 " 25.46" 1

RSD 36.08 " 44,12 -18.76 1

NPK 10.12 -18.17 7.29 25.96 " 1

OMNPK 25.727F 21.71°" 3.75 -22.42" 3.54 1

RSDNPK 41.62"" 49.67 " -24.21*" -5.54 31.50 " -27.96"" 1

2.4 LIESYRETE PR AR A 5 2 e R

FIFH 15353 7 i - SRS W L3S R0 DL 0 IR B (BT Wl 28 R I 2 )
SETBEARE Y H AT H AR AT A 8 B RIS R R SRR ON | RIS W S AR
TI Shannon-wiener ZAEVEFEEL(H ") S5 EFREL( ) FHEIE % B 2B R 8 DG FIF & EHR 8L (d) %5 14 DM+
TS AR AR 6 F T,

RIS RRIE(E A RRAEAR (KT 1, A5 = N RRIE(EAR T 46 B R /D, LR 320 1 B DT kR ik
$195.39% (£ 5) , ULHHRTFIA R EE T 95.39% RIJRLAE B, S0 (5 BANA 4.61% R, 4 a4~ 32
BT bR B AT i I Ty 20 RIS I 3 B 2SR 0 AR S ARG i 2

F6 TEHHERMAERRKE

Table 6 Eigenvalue and variance contribution of principal components

- " k- Ritz || . ., J5 % Bitr

% of Variance Cumulative % of Variance  Cumulative
FHA> 1(OM) PCl 5.643 80. 608 80. 608 F 43 2( OMNPK) PC2 1.035 14.784 95.392
F 4 3(RSD)PC3 0.176 2.513 97.905 F A4 4(RSDNPK) PC4 0.030 1.148 99.053
FHAS(N)PC 5 0.0299 0.428 99. 481 F 4> 6(NPK)PC 6 0.025 0.359 99. 840
F W 7(CK)PC 7 0.011 0.160 100. 000
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Table 7 Comprehensive evaluation on soil fauna community of fertilization regimes

250 Sorts PRINI PRIN2 Z&51 Sorts PRINI PRIN2
AR Individuals 2.661 -0.168 LMY Nematode 2.019 0.219
KIBIZE Megadrile -0.337 -0.053 DG #6841 DG index -0.348 0.009
g H Oribatida -0.350 0. 066 F & ¥ Abundance -0.416 -0.035
AT BER} Tsotomidae -0.373 -0.181 RS Groups -0.377 0.030
Hi T H Prostigmata -0.378 0.023 AT H Mesostigmata -0.398 -0. 002
2151 B} Enchytraeidea -0.399 -0.022 BB Formicidae -0.431 0.013
H '¥8%1 Shannon—Wiener index H ' -0.436 0.012 I Evenness -0.438 0.013
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Appdenx table The richness and abundance of soil fauna community in different fertilization regimes
F B Taca WA 77, Fertilization regimes
CK N oM RSD NPK OMNPK RSDNPK

M e H Gromiida 2 1 8 4 6 2 9
B0 Mastigophora 0 0 0 0 5 0 2
49 Turbellaria 0 0 6 0 0 0 0
H 2% L4 Eutardigrada 1 0 0 0 0 0 0
1245 H Bdelloidea 0 4 11 21 8 9 5
Ji#3k F Ploimida 0 0 0 0 0 3 1
L F)¥)1] Nematode 746 601 1138 1480 936 1014 1637
Z W5 Bl Enchytraeidae 12 2 24 33 21 18 21
KIGIZE megadrile 13 13 54 38 22 27 45
BBl Formicidae 80 26 34 26 24 22 26
i H %} Chrysomelidae 0 0 0 1 1 3 0
[& FH AR} Staphylinidae 0 0 7 2 0 0 1
# A} Scydmaenidae 0 1 0 0 0 0 0
W A} Pselaphidae 0 0 0 0 1 0 0
W R Bl Archecrypticidae larvae 0 0 0 0 1 0 0
ZEHIAL Silphidae 0 0 2 0 0 0 0
WY FARL4) Pselaphidae larvae 1 0 0 2 1 0 0
HMLA I A RLST Throscidae larvae 1 0 0 1 0 0 0
HA4 Lampyridae larvae 0 1 0 0 0 0 0
41 R4 Scarabaeidae larvae 1 0 0 0 0 0 0
1P} Ceratopogonidae 0 0 0 0 0 0 1
MR # WA} Sciaridae 0 1 0 0 0 0 0
KL iAL Dolichopodidae larvae 3 2 0 0 0 0 0
i i B Rhagionidae larvae 0 0 1 0 0 0 0
KL Tipulidae larvae 0 0 0 0 0 1 0
IR Phoridae 0 0 0 0 0 0 1
JEIRL Cecidomyiidae 0 0 0 0 0 0 3
FEUA} Chironomidae larvae 0 0 3 0 0 0 0
Z4WERL Scathophagidae 0 0 1 0 0 0 0
] D F} Phlaeothripidae 3 0 0 0 0 0 1
£ R} Rhinotermitidae 0 0 0 1 1 1 0
AR} Kalotermitidae 0 0 0 0 0 3 0
PEBEARL Neanridae 0 0 0 0 0 2 1
Bk dUE Podura 0 2 1 0 0 0 0
WRIRRL Gryllidae 0 0 0 3 0 0 2
R RE Myopsocidae 0 1 0 0 0 0 0
AR Liposcelidiae 1 4 4 5 5 3 2
BB} Tsotomidae 15 26 45 53 51 47 84
K AR Entomobryidae 0 0 1 0 0 0 0
[F Bk} Sminthuridae 1 5 12 9 2 2 9
HEBERL Onychiuridae 1 1 9 17 5 6 13
AIIAEL Machilidae 2 1 0 0 0 0 1
AR H Henicopidae 3 0 3 1 0 1 6
Huistis H Ballophilidae 0 0 1 3 3 5 1
B H Cryptodesmidae 0 0 0 2 1 1 0
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—_— Jiti 5 2 Fertilization regimes
CK N oM RSD NPK OMNPK RSDNPK

7K % H Harpacticoida 2 4 3 14 12 4 2
#1384 Pauropoda 0 0 0 0 0 2 0
B \B} Campodeidae 1 0 5 2 0 4 2
Bk /\FB} Japygidae 9 9 3 5 3 9 4
TR 1TRE Protentomidae 0 0 2 0 1 0 0
WA} Eosentomidae 0 0 0 0 1 2 0
Z WA} Scuti-gerellidae 0 1 0 0 3 0 0
FIA A} Porceeiolaevis 0 0 0 0 1 0 0
FHI#E H Oribatida 25 26 16 35 38 76 44
HiA T3 H Prostigmata 26 30 20 30 20 21 17
30 TAE H Mesostigmata 11 11 12 33 23 16 22
Bk H Arancae 3 1 0 1 4 0 3
FHERL Groups 23 23 26 25 26 26 29
)y 963 774 1426 1822 1200 1303 1966
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