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Impact of quantity of returned corn straw on the cropland ground arthropod

community in a black soil area
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Abstract: In order to understand the effects of returned corn straw on the cropland ground arthropod community in a black
soil area, an experiment with five different amounts of corn straw returned to the field 0 (CK), 9000 ( SR1), 10500
(SR2), 12000 ( SR3) and 13500 ( SR4) kg/hm’ was carried out in Zhalaid Banner of Inner Mongolia from June to

September 2016. The results showed that 1820 ground arthropod individuals were captured and these were classified into 16
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taxonomic groups. The number of individuals of ground arthropods was significantly increased in SR4 (P < 0.05), and the
number of taxonomic groups was significantly increased in SR3 (P > 0.05). The number of individuals of ground arthropods
was highest in August, and the number of taxonomic groups of ground arthropods was highest in July. The diversity and
richness indexes were highest in SR4 (P < 0.05). The dominance index was highest in SR1 (P < 0.05). The evenness
index was highest in CK (P < 0.05). Correlation analysis showed that ground arthropod individuals were not only positively
correlated with soil organic matter (P < 0.01) , but also with average infiltration rate ( P < 0.05) , and negatively correlated
with soil bulk density (P < 0.05). Soil temperature was obviously correlated with the number of ground arthropod taxonomic
groups (P < 0.05). The richness index was obviously correlated with average infiltration rate and soil moisture content (P <
0.05) . Principal component analysis ( PCA) showed that ground arthropod individuals, the diversity index, and the taxa
Grylloidea, Alticinae and Carabidae were most sensitive to the amount of straw returned, and could therefore be considered

as evaluation indexes to judge the nutrient status after straw is returned in a black soil area in the future.

Key Words: returning quantity of corn straw ; ground arthropod ;soil environment
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1.1 R X HEA

TR XA T PN 58 iy 242 B FLSR AR AL B R Y e DX 6 7R v P A i b (46°45'N, 122°47'E) , J&IRHF
KBlMEZR S, 4R SR 3.24°C, AR K& 400 mm, K EEE TR LE 6—9 Ay, #Ek 206 m, JCFE Y
120—140 d, 3R A 1S 4G 4
1.2 Rt

FORFEFFA) 8 M 38 3 1500 kg/hm?® 9 550t 2% A 22K B 4 1, B 9000 (SR1) 10500 ( SR2) 12000
(SR3) .13500 (SR4) kg/hm*, Jo I KFEFFIE H A X IE (CK) ;36 5 A0 B, R 3 W, BENLIX i3, ZNX
10 mx10 m=100 m*, 3£ 20 28 178 50 em, /NXJEFIA 5 BT, /N EIEIFE 2 m, FORFEFFE T BIER
WS, I TS F R FEFFIAT 2016 4 4 H A fHHEEA £ H (29 15 em) . FFEAEYN B2k, Ao e & 335, F
2016 4F 4 H 30 H#EFP, T 2016 49 H 26 HUksk, 86 /N R w B i,
1.3 PR RES M T s %

FERCREET 2016 4 6—9 A RHFEPHAMEH T B sh® . fE A /INK o B A 8 3 A SRAE L, IR
ELNEAN T em 5 9 em , BAEEHAEN 8 em 5 10 em [ PVC &b E RS S50 T 577, 7S5 2% BUI A Mk 758
1 3% AR R SRV ORI H I B RAA orE . BEH BRI GB e Ay 7 A fy 8 Ao aiFn 9 AR,
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Yol b T R S BEVE AR AE UEA T4 s, SR Shannon 280 H) |, Pielou $2]FEF8 %0 (J) , Margalef F
& EFEEL(D) A1 Simpson LR SEFEEL(C) PEAT MY SR AR R 2250 ( One—way ANOVA) FIZ & [t
BT (LSD) #7225 WM T, SR Pearson AHIC 2250 (W RN B ) 43T JIT 4l 45 1) b TG 19 162 3l W A 1A 5K
RS 3R AR e . SR R M (PCA ) HEAT 40 M e 15 B sh ) = SRR VE 8 A 5 B KRS AT
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2.1 FOKFEFFIE R 5y B sh ik v 21 n

A% 1 A BFSE IR A b T B sh i 1820 H SR 16 A 28F, Hoh fL 3 S S kg B Fn 25
BE2 28, BB 83.85%  FORFHFFIA HIJ5 I 3 1 o R ok BRI M E (P<0.05 ) |, I FLIR I B R4
Bl FORAEFFIAR T S 3 2 a3, 20 RMMABU A 78 EORFEFFIA H i35 5 SR4 B 5 X ] CK A 35 22
52 (P<0.05) ,AEAMAEK bl RS FF 34 FH 2t 1 i S 300 e — s A k34 s o DL 2SR S 0k R R | el R R R R 3
2 5 BMARR 13.85%  Flax 11 ZENFRA ZSHE, BRI 2.30%

RMACKRTE | FRAEFFIA FH X b 115 s RS e B 22 S Pk (B G R AR A I Sl g i, L ot R
CK MK /L | B 5 KRS AT S8 in RSt 2 38900, SR4 Ab FRAMAS R £, IMASHEF i CK<SR1<SR2<
SR3<SR4, Xf M CK A4/, SR3 AR A I 2 , KB AT o CK<SR2<SR1<SR4<SR3,
2.2 FORFEFFI FH 0T Hh Y9 B sh PRI Z2RE 1 1 s i

FH 3% 2 AR, MAECTE FORFE AT I8 B 535 2 SR2 B 5 X0 B CK A7 I 35 22 5 (P<0.05) , -l F K AE ATk
S IR 2 300, ZRBEETE FORFEFRA HS 5060 B CK A 538 inka %, A SR3 4 FE 5% i CK
A E 25 (P<0.05) . SR4 A ZFEMERE RN = (1.17) , SXT AR CK JC W35 22 53 (P>0.05)  ZHEPEE B
J¥ SR1<SR2<CK<SR3<SR4, XJ it CK (¥4 5] B 45 e 5 (0.69 ) , {H Jifi T KA FF A4 HH 5 48 4 ) FE 48 40h 1
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T 24 5) BEFE EHEF SR1<SR2<SR3<SR4<CK, SR4 b A 5 BEFe 5 55 (0.94) , 5% 8 CK A &
Z 5 (P<0.05) ; FE EHE 5T CK<SR2<SR1<SR3<SR4, SR1 AbF {3 i 5 50 dne 25 (0.46 ) , 50T HR CK 2%
FAREE(P>0.05) ; LA EHEF SR4<SR3<CK<SR2<SR1

R1 TRLGEMBET KA R AR

Table 1 Composition of ground arthropod in different treatment

P CK SR1 SR2 SR3 SR4 ST Total
Group MEE W% AMEE HBL/% AEREC EB/% AMEREC HBl/% AMEEC HBl/% MRS HBl/ %
H#H Orthoptera

WK BB Grylloidea 164 5550 201 5826 211 60.63 208  53.33 215 4875 994 54.62
#4538 H Coleoptera adult

3 H B} Carabidae 83 28.04 98  28.41 9  25.86 106 27.20 150  34.00 532 29.23
BEH A} Alticinae 10 3.38 9 2.61 12 3.45 16 4.10 19 4.31 66 3.63
MIH#} Elateridae — — — — — — 4 1.03 — — 4 0.22
% H B} Curculionidae — — — — 2 0.57 2 0.51 — — 4 0.22
H R E R} Scaphidiidae — — — — — — 2 0.51 2 0.45 4 0.22
[ Rl Staphylinidae 26 8.78 21 6.09 23 6.61 34 8.72 36 8.16 140 7.69
Pt AL Lagriidae — — 2 0.58 — — — — 2 0.45 4 0.22
JiE53# H Hymenoptera

IRl Vespidae — — 2 0.58 — — — — — — 2 0.11
HRL Formicidae 8 2.70 7 2.03 7 2.01 10 2.56 12 2.72 44 2.42
Wk H Araneae

1 #WEL Philodromidae 1 0.34 — — — — 2 0.51 — — 3 0.16
TRIEEL Lycosidae — — — — 1 0.28 — — 1 0.23 2 0.11
Brik A} Salticidae — — 1 0.29 — — — — 2 0.45 3 0.16
FJE R Gnaphosidae 1 0.34 2 0.58 — — 1 0.25 — — 4 0.22
BU# H Diptera

WA} Muscidae 3 1.01 2 0.58 2 0.57 4 1.03 2 0.45 13 0.71
HIkH Opiliones

KA H Bl Phalangiinae — — — — — — 1 0.25 — — 1 0.05
AMERL Individual 296 345 348 390 441 1820

ZEBEEL Group number 8 10 8 12 10 16

e — FORIZ - SR B AL B R W R B CK . XFIR  control check ; SR1 : A% FFi4 FH 9000 kg/hm? | straw returned for 9000 kg/hm? ;
SR2: FEFFi4 H 10500 kg/hm? , straw returned for 10500 kg/hm? ; SR3 : #5138 HI 12000 kg/hm? , straw returned for 12000 kg/hm? ; SR4 . #1314 [H 13500
kg/hm? | straw returned for 13500 kg/hm?

R2 TEISMIEME T BB B RFE ( P EARHEIR)

Table 2 Soil ground arthropod communities in indifferent treatment ( Mean+SE )

Jb s RV R Bo) R AR FR R A E TR HL KL A%
Treatment Shannon Pielou Margalef Simpson Group number Individual
CK 1.09+0.02ab 0.69+0.05a 0.80+0.08c 0.41+0.02ab 5.00+0.00b 98.67+14.43b
SR1 0.95+0.04b 0.62+0.07a 0.92+0.10ab 0.46+0.04a 5.33+0.33ab 115.00£17.04ab
SR2 0.96+0.12b 0.63+0.05a 0.83+0.01b 0.44+0.04ab 5.00+0.00b 116.00+8.89a
SR3 1.10+£0.03ab 0.66+0.04a 0.93+0.04ab 0.38+0.03b 6.00+0.00a 130.00+19.21a
SR4 1.17+0.03a 0.68+0.02a 0.94+0.08a 0.37+0.02b 5.67+0.33ab 147.00+20.66a

AN)/INE B3R R — 1S [R) b L ) ) 22 57 4 3 ( P<0.05)

2.3 M B A ABCRIS I A S K AR ) A SR
HiEl 2 PR, ﬂﬁﬁﬁ?ﬂﬂiiﬂ% A AN TR H 22 Al Hh A5 35 /K BRI B2 HAT — 8 QIR . T
TR 8 kB2 ; & H 8 H>7 H>6 A>9 H . i s Wi 7 Az, &
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Fig.2 The monthly dynamic changes of soil ground arthropod individual, groups, temperature and moisture

CK: %118, control check ;SR1: FEFT#8 HI 9000 kg/hm? | straw returned for 9000 kg/hm? ; SR2 ; F5 #1348 H 10500 kg/hm? , straw returned for 10500 kg/

hm* ;SR3: F4FF38 [ 12000 kg/hm*  straw returned for 12000 kg/hm® ; SR4: F§#Fi5 [ 13500 kg/hm? , straw returned for 13500 kg/hm?

2.4 FORFGFFL I N IR PE R S A Sk o B
H13% 3 Al A, S50 CK AR L, RS AL B A LTS P A R IR A ke 2 n ( P<
0.05) , I HLFfi T RAH AT i FH i 9385 I S S s 38 s 87 o W 5 AR ( P<0.05 ), B T KA AT ads FHT - py 48 o 22

NS 2k
x3 ATRELETEEUMER
Table 3 Soil properties of different treatment
LI T THABH . .
5 oL | AR I kit
- Organic matter/ Bulk density/ Average infiltration - .
I'reatment 3 . Temperature/°C Moisture/ %
(g/kg) (g/cm”) rate/ ( mm/min)
CK 38.24+0.51d 1.35+0.03a 1.51+0.11b 25.3+0.16b 23.23+0.12d
SR1 40.23+0.29bc 1.23+0.02b 1.89+0.14ab 25.3+0.20b 23.51+0.22¢
SR2 39.81+0.17¢ 1.15+0.02bc 2.03+0.21ab 25.4+0.17ab 25.01+0.08ab
SR3 41.07£0.25b 1.17+0.01bc 2.37+0.39a 25.6+0.14ab 24.69+0.13b
SR4 44.79+0.84a 1.14+0.01c 2.44+0.26a 25.7£0.12a 25.39+0.16a

ANl INE R R ) — S AN ) Ak B B 25 57 2. (P<0.05)

2% 4 ) Pearson AH& 25050 Hr 25 J T 0, A T i 18 75 1B 3h 9 B9 AN AR B0 S 3388 WL S A 8 38 A0 6 (P<
0.01) , 5FIABRE B FE I (P<0.05) , 5 A EE B E A (P<0.05) ; XS HIREE R B %
TEAHSE (P<0.05) ; 5 B A 54 A8 R 1 & K 5 W EAH G (P<0.05) LA BT 40 5 e i 5
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W E A (P<0.05) .

R4 HEVENMEES LEAEEXRY

Table 4 Correlation Coefficient between soil ground arthropod communities and soil environmental factors

b HHUR A PANER e sk
Index Organic matter Bulk density . filtratioi . Temperature Moisture
AMAEEL Individual 0.92%* -0.81" 0.87" 0.78 0.74
JEHEEL Group number 0.63 -0.50 0.75 0.83* 0.50
ZHAPEHE AL Shannon 0.58 -0.04 0.22 0.73 0.17
Y5 BE4S 5L Pielou 0.08 0.43 -0.29 0.31 -0.29
F 5 B HE 2L Margalef 0.77 -0.61 0.81* 0.65 0.86*
P BEFEEL Simpson -0.57 0.17 -0.33 -0.80" -0.30

* RN RFMI(P<0.05) , * = FARPRFI(P<0.01)

2.5 FORAHAT I RS M 119 e s i 3 R Ak 4 b ) 52

HIEE 5 AT AR FE 00 it 3 R s AR AR SRR R 3 S R B R AR R SR 5
DUHIERE (R SRS L) AR DL (B A |0 R RIORE ) 45 11 AR bRt AT 08000 708, I
XF FARFE R T e U A RFAESE b o S BT 2 A o0, Rt STk A B ] 90.96% , AT LLALE 3% 11 M4
TEFEAR A28 KR B

HIZE 6 AT, A NRRAE SR AR A 25 5 15 20 2l o L A4S F2 18000 X LRI AL o P BB IR 2 4> 2 - 4 (i
Z RN AR SRR | SR 43531 5 08 1o 14 B UG AR R I SRR B, st A T 2 SR o BT 5 44
AR AR R SR BRI BRE, 4 RER I LR G A R I 0K 5 MR AEFR R0 %
DX T ORAE AT i AR A SURR, 0 A5 O il AR DAy e PR DX RO R FHARSE B4

RS5 WEATEIMERSFHERSHFERBE

Table 5 Eigenvalue and variance contribution of principal components

F o FHIEAR J5 2% BTHRAS/ % BT 22T/ %
Principal component Eigenvalues Variance contribution Cumulative variance contribution
F 43 1 Principal component 1 7.392 67.20 67.20

FE 843 2 Principal component 2 2.613 23.75 90.96

Fo6 METEIMBERFEEFINSGEEIRHRF

Table 6 Comprehensive value and Rank of characteristics of soil ground arthropod

B F 14 Principal component ARy HEF
Index P, P, Comprehensive value Ordination
AL Individual 0.334 0.239 0.309 1
ZEFEHL Group number 0.297 0.153 0.259 6

E & BEHEHL Margalef 0.304 -0.336 0.137 9
B FEEL Simpson 0.155 -0.557 -0.031 10
Z AR %X Shannon 0.249 0.364 0.279 2

4)/5) BEFEEX Pielou -0.307 0.312 -0.145 11
IR EF Grylloidea 0.200 0.495 0.277 3
HIF} Carabidae 0.327 0.072 0.260 5
BEH A} Alticinae 0.358 0.016 0.269 4
[ Rl Staphylinidae 0.354 -0.140 0.225 8
BBl Formicidae 0.342 -0.030 0.245 7
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FEAMESE T, XTI CK AH L, EORFE AR A TS Mo 15 B sh 0 AR n, B xd B CK Y 296 U3 fin 2]
SR4 ALFR[Y 441 H 3G AN 48.99% 5 Ho b L #452S THE k e B BE R0 FHRHE I i 3 (P <0.05) , R BRI
34.15% A HBHEDN 70.45% , X J& N EARFEFFA B BAA B R R 0B, FOKFEFT 0 H 4y 1 398 3 5 o &
i, R S AR A RSN AR AR B R A i s A AR — R U, DS R B K
AN PP R SR - S A ARBS R S B A A RN B — AR 1 O A R A
/N BT AR RO RISV b B SR TE DR ) 43T LU R 34 50 34 5] FE AR BOM R, Z AR M Bl st i
K2 ARMEFE Y, SR ALBR AR E S B =, X HIR CK AR A BEFE B0 X T R T4 B RS AT AR B
Ji Wk SR AL FORE A B D 4 It JS ), 1B R AS AT I8 S B 3 A ke SR A W R A A7 5 SR4 Ak
PRAY 5 B AR BOM Z FE 48 B sy | 1X 2 T R FEAT R AR A2 i i 19 )R Sh M) 4 (A ok I 3k Xof 3 o
TN AE) 25 A28 P I 92 SR 5 Wi b T 5 PR S 0 ) A A BRI 0 KRS FF R U /) -+ 1 25 T R0 hn - 3L B, 39 m A
PR R AR A AR D PR T REAR R A T Bl SR RGN BN T 2R BT
(P RN R BORR T, T 1) 7 B e 5 2 RV st S Tl SRS T R [l AR RS B
KAEFFIAR RGN, LI EEFE 2 SR1—SR4 A BEZ T FAIG, 25 BEFE 2 SR1—SR4 Zb LA T [T, X F 22
SR1—SR4 AbFH r (1 ke SR o5 TV G AR KR L 9 B3, At i DL SIS 1001 TR sl W Bl 55 386, T 9 v 0S4
TEYIFIIE] 3 IC L B 51 i 8, B BEAREOM 2 A5 5L SR1—SR4 ZLBRIG AN, 7T BEJ2 1 T FRFE AL H
SN, FORFE R S 1 SR AE B i, ISR N, FORRE A I R O S AR B A
PRIt Bt KRS T30 P 488 o =1 SR s ) =5 e BORn AR R B
3.2 MY EEh Y A shAs A AR AUIE

M\ 6—9 H 1 TE 15 B sh ¥ H sh S840k E ,8 Ay M 19 B sh W) A i 2 X AT REJE i1 T 8 H il UM%
FARE T KIS AT KRB s OB D i I, 8 Ay H3E SRR, 3 bk 4 e 3G A 47
o R AAE T Y e E M A T B IR T KRG R A A R R Sy Y R sh A B A
—E YRR, SFEGIEREYERETE 8 A2, 7 b WS R 2, X F 2R T 7
5y - S3E0 FE A vmn  ek  TTE F BRRE i 2 A TSR THI AT — 5 1Y KR FEFTIR, L R e i Jon , B F o,
Hb TR AR T RV 3 A AN TR M IS R Sh M S A A BB TS B ka #
3.3 FORFEATIE HAE R w19 R sh W Re v Rk

FORFEF AN AT rh A BT GEIR | FORFEFT A H RBAE 2l HIEIASR . HTH 15 R sh ) 3= 2 A 1E 7E b 1T
Rk P 2 S 2 b | 32 - SRR ST A S M A, -3 BRI 1% e B A% PR b T T R 50 4 2 R LR I 1Y
JN, LA, FORFEFF I8 A0 e - SR Mok 28 1 Hb 15 s W B AE R G . ARt i T EORFEAF e
FH 12 AN ] S 30T KT T i i 3 5 i 5t A [l AT Xof b T 45 JRC s R s s i AN ] PRL ot 00 - A 3
AP R i SR A A MRSRAR SRS KRITEAE T R HLB A RS IS e R A
EERSCHE o e B ARG A B FE AR RE S 50 L A, AR SCA BB AR FORRSFE A B AR T A Bh )
v 5 R LM BT C R R Pearson AHOC RS, WF 58 W AR T SRS TR i) - HEA HLBT A5 iR
ey S R RS OPNY X S5 TTREY eolk7/L .3 0P X 3 7) I INTRED &7k s /3 LR U T i3 G S
FEFRBOMEH A58 TR OC R B Y], XK, TRFAE B 5 HIEA VU &3 hn, T8 mmn , 2
N FLBR RGO, ARSI NN, A 8 K B B o A S AR B AR A ) R A R RO AR R R
B, LT RS ANE TA R AAE A BBV R I IES AR R T E Bk R RS
I B 2SR SZ A5 AR 7 52 B8R 2BV E R A rh X R AR A FH O =X s i BUER Y - S sh 48 4 , REAEAE
H 2 BEHE SR RS FFIE B 85O0 A AR o A ASBIFSE R FH 2B 4 AT (PCA ) X 11 A Ml T 99 i
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