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Abstract: The high dependence on chemical fertilizers driven by crop yields has posed huge risks and challenges to soil
quality and ecosystem balance for decades. The reduction and substitution of chemical fertilizers has now become a national
strategy for high-quality agricultural development. The organic matter of livestock and poultry manure is converted into
methane under highly anaerobic conditions, and the liquid by-products ( biogas slurry) and solid residues ( biogas residue)
are also produced. The biogas slurry is rich in nitrogen, amino acids, and various mineral nutrient elements, being an
efficient alternative to chemical fertilizers. Previous studies on the application of biogas slurry mainly focused on the effects
of dosage and usage on crop yield and soil properties. The impact on soil fauna communities was insufficient yet. Soil

arthropods participate in soil biochemical cycles, stimulating the metabolism of fungi and bacteria and maintaining the
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balance of the soil ecosystem. Due to their sensitive response to habitat changes, soil arthropods are used as important
indicators to reflect soil health and stability. However, there is no investigation on the changes of soil arthropod communities
under the condition of biogas slurry instead of chemical fertilizers. In the present study, the effects of different dosage of
biogas slurry (0, 100, 200, and 300 m’/hm’) and substitution of biogas slurry (0%, 33%, 66%, and 100%) to
chemical fertilizers on soil small- and medium-sized arthropod communities were investigated in coastal reclaimed wheat
fields with repeated application of biogas slurry for 5 years in Dongtai city, Jiangsu, China. The results showed that the
predominant soil fauna groups in wheat field were Prostigmata, Oribatida and Collembola, accounting for 52.09%—
53.33%, 22.42%—23.86% and 13.14%—16.51% of the total catches, respectively. When the amount of biogas slurry
increased from 0 to 300 m’/hm’, the density of soil fauna increased by 94% , the number of groups increased by about 2,
and the dominance index increased by 9.4% (P<0.05). The density of soil fauna, number of groups and dominance index
arrived the highest when using 66% of biogas slurry to replace chemical fertilizers. Therefore, the application of biogas
slurry could significantly increase the density, group number, and dominance index of small- and medium-sized arthropods
in the soil. When the ratio of biogas slurry to replace chemical fertilizer was 66% , the promotion effect was the best. In
addition, principal component analysis showed that Collembola, Prostigmata and Oribatida were much sensitive to biogas
slurry application alone or biogas slurry in place of chemical fertilizers. They could be used as indicators of the response of

soil small- and medium-sized arthropods to fertilization.

Key Words: biogas slurry; soil arthropods; biogas slurry replaces chemical fertilizer; wheat field; community structure
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Table 1 Basic physical and chemical soil properties

AR TOC 2% TN 2 TP 28 TK HL R EC b EZiN
Total organic Total Total Total - Electrical Particle composition/ %
carbon/ nitrogen/ phosphorus/ potassium/ P conductivity/ Wk . ok
(g/kg) (g/kg) (g/kg) (g/kg) (ps/cm) AL V. VL
4.58 0.48 0.60 16.92 8.28 102.23 36.20 56.70 7.10

1.2 HmeR
TR A PR AR (V95 A FR A Rl s A8 5 T AU TR . M5 2805 ZKIE 2 T 20008 i@t 2198
JEHEA K BERE ,36—38°C T~ 2 IR-A K E Lg% (CSTR) A 15 d, WARSEAAEE M I F80E 1—2 D H  IEE A
A EECTEW, R B EEAR AL PER I 2 R
®2 BRBUMERCFYESMEE ) n=3
Table 2 Physical and chemical properties of biogas slurry( Mean+SD)

BB

SAHLBR TOC HER A H5% EC
NH;-N A TN ¥ Zn/
Total organic ¢ NO3-N %ﬂ Electrical 5 Zn il Cu/
Ammonium Total nitrogen/ pH L

carbon/ ) Nitrate nitrogen/ (/L) conductivity/ (mg/1) (mg/L)

(g/L) nitrogen/ (mg/L) (ps/cm) m
(g/L)

1.43+0.31 1.01+£0.03 33.11+4.25 1.50+0.48 7.83+0.04 10.20+2.03 10.32+2.74 2.91+0.62

1.3 kgt

FH ()N T 2015 48, Fhik 2 41520

I BLE 0,100,200,300 m*/hm? 3 4 ASTEWE AL B (PR B ARBE: 735145 BO . B1.B2 B3, 47
ARSI 0,150 300,450 kg/hm*) |, Horfr 150 kg/hm? Ay 25 5 VE Rt FH

B AN W P R5 ANHE PR IE B0 S B 0 150 keg/hm® , 35 B VR WOE QAR IE EL 491 23501
0% 33% .66% .100% £ 4 DAL (FRIY S AbPE . 735345 SO,S1.S2.83)

AL B 3 ANEE (/NX) 3 21 A/RX (Hd B 5 S3 ), /NXTEELA 6 mx10 m, 45/M X [5]f& 50
om, JIEHS AN BT ST B A 81 . 53550 F 10 A M AIREINAEAE , UCAF 1 A BB e , AL S 3B AE Y EL Gy 101,
FHI TR 2L 5 M K T — 38, 2%/ MXfi AE P ANk 3 B

*3 JZABNEERE
Table 3 The fertilizer amount applied in each plot

fb g ‘ bEERli RE . ?ﬁ%fiﬁfﬂ
Treatment Blogis slu;ry/ Urea/2 Nitrogen equ12valenl/
(m”/hm”) (kg/hm”) (kg/hm”)
HBHE(B) BO 0 0 0
Biogas slurry dosage Bl 100 0 150
B2 200 0 300
B3 300 0 450
HBEUEAL(S) S0 0 323 150
Biogas slurry instead of chemical fertilizer S1 36 215 150
S2 71 108 150
S3 100 0 150
1.4 FEaREE

SRR /N A (2019 4F 12 A) FUNEBER (2020 4F 6 H ) R4 LIRS BN FE S A6 5, R
55 AMRES L SREERE NG R EIEW R BN 4 em BB 284 0—10 em 1 10—20 cm PN 2R 4E
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TR, R/ N AR 2 T RS R — MR AR, Re AT 48 rh 3 PR | ek 2 X - 4
YIRS 48 /NI AT 1] SE 55 3 AT 40T
1.5 HHEP/NRU S o3 B A SR AT

K Tullgren PS8 I rf i b /INBUS BB WAL i, 23 BEIEIR) Oy 48 h, 43 85 8 09 L IE S s AR A T
75% CBE R, SR AW 3% (ECLIPSE E200MV , B 50 BEVT B G2 A A BN 71 ) X205 H ok il 4 49
WA TS R IR AR T SO s A R RS Y AT - s S 4l HUR R A
F) ] —2 51,

MR e S IR B R AT 0 28, IR B R TR BSR4 10.00% DL BRI SSERE (++ ),
1.00%—10.00% 4 1 WAEHE (++) , <1.00% & R Hi A KR (+) o

IS YV Z R 0 M 04 - Simpson L EHEEL(C) Shannon-Wiener ZFEPETEE(H) (Pielou ¥15] i
(D) IREAKXWK(1)—(3):

C= P (1)
H=-Y (PInP) (2)
J = H/InS (3)

K, Po=n/N g S L ADSERERY AR N 9 SRS S B,
1.6 Hdlasab P by

Y R Y S B ) TSRS A B R B B (A /m?) o B ST, XS IR IE
BB AT log( X+1) ¥4 R IBM SPSS Statistics 25.0 A4 #E47 75 2253 BT (one-way ANOVA) |, I FHXB
# (Duncan ) 3 %5 A Al Ab B 22 18] 9517 22 53 25 MERG 56 (P<0.05) o 177 %6 T A IR DA IE 28543 A 1) 1 338 5 4 55405, Dl
KM Kruskal Wallis Test(H) JESEG S A T8 704 . >R 3200535387 ( Principal component analysis PCA)
BT A R it AR A BT 32 BESHE - 3R W% B A 52 i, W A R 4.0.1 (R Core Team 2020 ) /4 H %) vegan” 4
11 3T YT Z RV T 5, 311 OriginPro 9.0 RPFVEIRT . ISR b S A3 3 W) %85 B2 KM 7 2 FEPETR £
B bR . ARG TR Rl — 2R REAS [ AL A B ) A4 25 53 .25 ( P<0.05) .

2 #HR

2.1 AW RO NS B R VR A B A s )

PR (B ) A BTN B 30 (/N2 B AR ) 0—20 em HJEAHCEURLE A 500t ik -1
1275 2 HRIE T 9 4 23 DERE(H) (R 4), NRP LA, B AL BEAPE H 8/ a0 H
Prostigmata V. H Oribatida F5E H Collembola , 53 b7 6.5 FE 1 52.09% ,22.20% F 16.51% ; % WIS HF
W H Diplura(4.24% ) ZEW H Blattoptera (1.96%) o M LHEREH LR AR (K 1) 035 H 1% E
Wi T V7t P et P 38 S T v a2 L BO AR B (VR I 0 m®/hm® ) §EATTE H A T H % R
R F HABAL B (P<0.05) , B3 AL (T FH R 300 m®/hm?) | BT H AT IV H % 5 0 2 5 2
THAAL IR (P<0.05) 5 HAS [ b FR )58 H %5 B (1) 22 S AR B i 7K (P>0.05)

ANTR) VR P e A B )+ S Sh ) SRR W iR 22 5 D BO S/ (29 10 A28, LUk B2 Al B3 Ab 3,
Bl i, KB ARE T 14 1 (R5), %R H Isopoda %5 & B Diplopoda . 238 H Dermaptera , % H
Lepidoptera A W 37E TR WM 8 O AL B AP (B2 \B3) o BV, B VA 1 H B 389, 38 v/ N i 3
Yy 555 B Bl 2 1 0, AN R AR 3R] R 3R B3>B2>B1>B0,

ANTR] VR R 2 Ach B A 498 v /N B Y i sl 4 8 R A2 RAE I B 2 i B s, l & 2 mT UL E I
() VH VP b A 3L ) TG o 2 2 S TSR B3 W 2 T AR B ( P<0.05) o BV S, /N2 v 0 g /)
RIS Jie sh 4 a8 1) BB AR ORI ELJGIE 0—10 em 5] 10—20 em 12, AN [) VA W 28] (10 3h 4 25 1 24 36
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JAE = 492 %

b NS e B B0 B B F R AR B 0—10 om R E T 1020 em 12, KA, K&
AEFE 0—10 em F- 2 /NS RS gk i o S AR IR B T 55.96%—66.19% ., 3 5 A] UL Bl VE Wit H 1Y
Han, 2R S AR B RO R T m R R (HUR[R) b B E) AP HR B0 I 28 22 7% (P>0.05) , R34 HR 5L
WIZRIABRT BO 55 B3 [H] 225 W 840, oA B AN B3 Y5 EER AR I R B B (KT Hifh 3 -4k 2

(P<0.05),
F4 TRABHRAERERLIBLEN T ENMEZARREE/(1T/m?)
Table 4 Compositions of soil fauna community under different fertilization treatments
ES TAWUTHE: Biogas shurry dosage TR ALAE Biogas slurry instead of chemical fertilize Bk
Group BO BI B2 B3 S0 sI 2 $3 Total
ZU5H Schizomida - 23.15(+) - BLA8(++)  9259(++)  46.30(+) 46.30(+) 23.15(+) 439.82(+)
Hk H Araneae 46.30(+) 92.59(+)  37037(++)  4630(+)  92.59(++)  92.59(+)  I85.19(++)  92.59(+) 925.93(+)
WISITIEE Prostigmata 384259 +++)  7962.96(+++) 9166.67(+++) 9768.52(+++) 3842.59(+++)  7962.96(+++) 9768.52(+++) 7962.96(+++) 52314.81(+++)
HETE A Oribatida 1666.67(+++) 3888.89(+++) 3333.33(+++) 4212.96( +++) 1666.67(+++) 3888.89(+++) 3333.33(+++) 3888.89(+++) 21990.74( +++)
B4 Copepoda - 69.44(+) - 138.89(+) - - - 69.44(+) 208.33(+)
%1 H Tsopoda - 23.15(+) - - 46.30(+) - - 23.15(+) 69.45(+)
fi% 12 B Diplopoda 92.59(+) 23.15(+) - - - - - 23.15(+) 115.74(+)
L5454 Symphyla - 69.44(+) 92.59(+)  138.89(+) - 46.30(+) - 69.44(+) 347.22(+)
1% 4 Pauropoda 185.19(++)  92.59(+) 92.59(+)  185.19(+)  46.30(+) 92.59(+) - 92.59(+) 694.45(+)
i H Collembola 2129.63(+++) 2013.89(+++) 2129.63(+++) 347222(+++) 648.15(++)  1527.78(++)  972.22(++)  2013.89(+++) 12893.52( +++)
M2 H Diplura 324.07(++)  O48.15(++)  648.15(++)  879.63(++)  138.89(++)  GOL8S(++)  462.96(++)  648.15(++) 3703.70( ++)
£ H Microcoryphia - - 46.30(+) 46.30(+) - - - - 92.60(+)
HHEH Blattoptera 138.80(++)  231.48(++)  416.67(++)  370.37(++)  27778(++)  324.07(++)  462.96(++)  231.48(++) 2020.22(++)
S H Isoptera 185.19(++)  138.89(+) - 138.80(+)  23148(++)  138.89(+)  I85.19(++)  138.89(+) 1018.53(++)
H#H Orthoptera 138.89(++)  115.74(+)  138.89(+)  138.89(+)  46.30(+) 4630(+)  138.89(+)  115.74(+) 763.90( +)
# H Dermaptera 46.30(+) - - - - 23.15(+) 69.44(+) - 138.89(+)
A H Hemiptera 92.59(+) 74.07(+) 46.30(+) 92.59(+) 13.89(+) 46.30(+) 46.30(+) 74.07(+) 412.04(+)
Wit H Psocoptera 46.30(+) 71.76(+) 92.59(+)  185.19(+)  143.52(++)  12037(+)  162.04(++)  TL76(+) 821.77(+)
A48 H Thysanoptera - 50.93(+) 46.30(+) 46.30(+) 55.56(+) 27.78(+) 46.30(+) 50.93(+) 273.17(+)
B30 H Lepidoptera - 2.15(+) - - 92.59(++) - 92.59(+) 23.15(+) 208.33(+)
B H Coleoptera 46.30(+)  115.74(+) 46.30(+) 46.30(+)  185.19(++)  185.19(++)  46.30(+)  115.74(+) 671.32(+)
WHH Diptera 92.59(+) BA5(+)  138.89(+) 4630(+)  4630(+) 46.30(+) - 23.15(+) 393.53(+)
JE# H Hymenoptera - - 92.59(+) - 46.30(+) 92.59(+) 46.30(+) - 271.78(+)
B Total 9074.07 15752.31 16898.15 20185.19 7712.96 15310.19 16064.81 15752.31 100997.70
*£5 TRABRAE(B)GETEHMEZENSHEMISTE
Table 5 Diversity characteristics of soil fauna community treated with different biogas slurry treatments ( B)
Ab T AR URZIEE T S JEE S i
Treatment Shannon-Wiener index Simpson index Pielou index Group number
BO 1.44£0.12a 0.64+0.02b 0.62+0.03a 10.00+1.73b
Bl 1.47+0.10a 0.67+0.01ab 0.55+0.01b 13.67+1.53a
B2 1.51£0.14a 0.68+0.04ab 0.63+0.03a 11.67+1.15ab
B3 1.52+0.14a 0.70+0.02a 0.61+0.03a 12.07+1.53ab

/NG FREFRIR Al — Z BV AEAS [R) A BRI Y 22 57 (P<0.05)

2.2 JHBCEAARHEXT L e/ INRY Y J Sl A v 2 S AR

X TR ARAGNE (S) Ak BEPIAS I 4 (/N2

BACI) 0—20 em LJRAKEUR SRS ST, a2k 14

s 1152 H KB T O 22 NRBE(H) (F4) . SAABREHSERER B AP —Z, ¥ a0 1 3 B Y

FANGHEE H , 2051 o5 B B 1Y 55.28% ,23.86% 11 10.38% ; H WLIAEHE N . BUR H (3.17%)

GEMEHE (2.33%) F4E
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W H Isoptera(1.30%) , &l 4 32, S1.S2 Fl S3 AbBRAGPL AR B 34 35 5 T4l AL B AR B (SO) (P<0.05) 5
MBI 66%MLAE (S2) B, FrA T30 H %8 5 f i ; Al VA AL PR (S3) B, i 2% W v T LA AR R ( P<
0.05) .
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Fig.4 Biogas slurry instead of chemical fertilizer (S) treatment

of soil fauna dominant density

S AL B AR TR R ACARHE He 451 5 SO . R ARALAE 0% ;S1 . TR IR B
TRALIE 33% ;92 TR CALAE 66% ;S3 : FHBCEACALIE 100%

ATl AR AR AR RE Ak B 0] 43 A 1)+ R Sh A 2K AT A i 25 5%, LA SO #e/b (4 11 N8R, HIOE ST RS2
AbFR | S3 e, R R R T 14 S (F6) , R H BN Copepoda ATHIH Microcoryphia 7 H IAE & ALIE
(SO.S1 A1 S2) frkb3i, Fy Al UL, SO Ah 3 4SSl B de /b | S3 IR 2, T R AR T T it A 31 4 458 50y 4 %5 s v
THALIEFN2E TR WAL 3 5 %5 B HE P S2>S81>83>50,

F & 5 AT D0, 45 A B/ NG 3 - g b N R B s e Y R TG . R NS IR R R
PR (E 6), #AbEE 0—10 cm + 2 09% B335 8] 7673.03 4~/m?, tb 10—20 ecm +)J2F¥5E 17.2%
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{H A S2 AbH 0—10 em FI1 10—20 em [8] A9 22 573k 5 i K- (P<0.05) , AL, T RCEARALAEAS ] L i) ik B
Xif - 3 NS i B R R X ST R B — 2 BRI, R 6 W] L, H IR Sh W TR ZREE SRR R

BB 21 BE B RN S0>S2>S1 5 (HAS [A] Ak B ] Z2 B R R KO0 38 22 5% I S B Fe BN e Bk AT ST
5 83 (a2 BE , AR S1 AbFR B K T HiA 3 AME B (P<0.05)

F6 BREBRULE(S)METIENWBTEN S HIERHE

Table 6 Diversity characteristics of soil fauna community treated with Biogas slurry instead of chemical fertilizer treatments (S)

b ER Z RS BT E Yoy EREL ST
Treatment Shannon-Wiener index Simpson index Pielou index Group number
SO 1.55+0.10a 0.65+0.03ab 0.61+0.05a 11.33+1.21b
S1 1.49+0.15a 0.62+0.01b 0.50+0.01b 12.57+1.53a
S2 1.54+0.12a 0.64+0.04ab 0.53+0.01a 12.87+1.61a
S3 1.47+0.10a 0.67+0.01a 0.55+0.01a 13.67+1.53a
(I R W € 5 12 -
a
20 & 10 a
*% * *% £ T a
£ A S sF NN
ciIst A A 2 \
E + < 6t §
>
é 10 2 a
= a
g B ] 4r 7 T
a ¥ 2
® 5T a
K a a
0
0 0—10
S0 S1 S2 S3 + )2 Soil layer/cm
BE5 BiRERLES) SEEPMERE T ERNESHYER B6 BRERMLE(S)AAE0—10 cm 510—20 cm £ EF
BEER INBUEh I B LR
Fig.5 Biogas slurry instead of chemical fertilizer (S) treatment Fig. 6  Biogas slurry instead of chemical fertilizer ( S)
processing seedling and harvest soil fauna density difference treatment 0—10 cm and 10—20 cm soil layer of soil fauna
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