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Effect of straw-returning management on meso—micro soil fauna in a cultivated

black soil area
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Abstract: Crop straw is an important material basis for nutrient cycling in agro-ecosystems. Straw returning is a method in
which straw is applied to the soil to improve soil properties, and is used for accelerating immature soil development in
cultivated land and improving soil fertility. Soil fauna is an important component of the ecosystem, and is involved in the
straw decomposition process, improving the decomposition of organic matter and promoting nutrient absorption by plants.
Therefore, research on the ecology of soil fauna and sustainable utilization of cultivated soil, including black soil, has been
widely conducted. Understanding the correlation between soil fauna and straw returning will provide a scientific basis for the
protection of the soil fauna community and sustainable utilization management of tillage ecosystems in black soil areas. To
investigate the effect of straw returning on meso-micro soil fauna communities in cultivated black soil, field experiments
were carried out in Hai-lun, Heilongjiang Province from 2009 to 2011. The experiments were conducted in five selected

plots: Plot A: 17 kg corn straw returning and high concentrations of microbial inoculants; Plot B; 8.5 kg corn straw
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returning and low concentrations of microbial inoculants; Plot C: control; Plot D: 8.5 kg corn straw returning; and Plot E .
17 kg corn straw returning. A total of 21,779 individuals, belonging to 58 groups, were extracted and identified in the plots.
Among them, Oribatida, Hypogastruridae, Onychiuridae, and Cyphoderidae were most suitable to understand environmental
changes in the study area. Analysis of the soil fauna community structure showed that the density, group number, and
Simpson Dominance Index of soil fauna were highest in the control Plot C (46,591.67 ind/m*, 17.17, 0.37, respectively).
The soil fauna richness index was highest in Plot D (2.63) ; the diversity index was highest in Plot A (1.72); and the
evenness index was highest in Plot B (0.64). Meanwhile, the soil fauna was characterized by surface accumulation in the
experimental plots. The group numbers of dominant soil fauna in Plot A in all soil layers were lower than those in other
plots, and soil fauna was more dominant in the upper layer of the soil. Together, the method of straw returning in Plot A was
the most productive for soil fauna. In addition, the results of a Principal Component Analysis (PCA) indicated that different
methods of straw returning had a considerable effect on soil fauna density. Oribatida, Isotomidae, and Prostigmata were
sensitive soil fauna that responded to different methods of straw returning, and could therefore be considered as an
evaluating index to investigate the fertility effect of straw returning in cultivated black soil in the future. The results of the
Canonical Correspondence Analysis (CCA) indicated that the dominant and common groups of soil fauna were considerably
influenced by the soil environment, and the density of soil fauna was closely associated with organic matter, organic carbon,

the carbon to nitrogen ratio, and total phosphorus in the soil.

Key Words: straw returning; cultivated black soil ; meso-micro soil fauna; community structure; soil environment

FEFFRAR A 25 RGP TG 2R b () W el S T mT e R M o 4R e A g, )
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FEWUE MIHERE T 7K 2 kg PEATIRH) FEHE B(RFH 8.5 kg EKFEFT+7 I AR e BE A W 8 HI K 1 kg 3F
TR H) Feh CORMEATANER, PRFF A IRASVE N X IEFEHL ) AEHL DR 8.5 kg EKRFEFF+/K 1 kg #1718
E)ﬁﬂEuﬁm7@I%ﬁﬂ%mz@Lﬁﬁm%ﬁ*ﬂﬁﬂﬁ%ﬁ%&%ﬁ%ﬁﬂﬁﬁﬁi%%%ﬂ
HIVA A TR, Z S TERE M A TSI A 38 A 700 R B AR I A A B 390, >R ) S AR IS SR A2 5 0.5 kg
B 24 h SRS EEH 0.05 kg WU 10 kg /KA BERERE MR ASBIFGE s iy 5 I o VA B2 Tl A 00 A s 3910 14
IR IR WA RE A, WITE A 58 o o 2 I AR BE T O HE RS TR K . SRR I A, X B A3 A B R T
AT AR X RS FFALBRAN B2 H FUEAE . M0 H B AR | [ XS AR R AT 1 W % A |l A |
B.C.D .E T AYFEFF 4%, 2009 43518 52.21% 48.90% 39.19% 44.42% 48.20% ,2010 4E43511°K 29.34% |
30.88% .20.60% ,22.64% 24.70% ,2011 443514 :8.97% .8.46% .7.68% .7.83% .8.34% , R fift KRB AL R, B
M1 A B.C.D.E FFIIFEFT 3 a BFMERII BN 90.52% 88.24% 67.47% 74.88% 81.24% ,FEHh A Fs FF RS
e ST
2.2 FEACREE SEYE
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Table 1 Soil properties in the different plots( Mean+SE )

B Sites pH OM/(&/k) TOC/ (g/kg) TN/ (g/kg) C/N TP/ ( &/kg)

B A SiteA 6.3920.04a 50.13+0.26a 29.08+0.15a 2.20£0.15ab 13.43£0.92a 9585.23+693.94a
FEMh B Site B 6.540.04h 48.34x0.59h 28.04£0.34h 2.16+0.08h 13.02+0.50a 8341.11£539.54h
B C Site C 6.460.03¢ 51.82+2.01c¢ 30.06+1.16¢ 2.29+0.05a 13.17£0.66a 9546.64+767.92a
BEH D Site D 6.51£0.02d 52.21+0.54¢ 30.29+0.31¢ 2.30£0.11a 13.27£0.64a 9274.45+939.70a
B E Site E 6.54+0.04h 53.68+0.49d 31.14+0.28d 2.59:0.19h 12.18+0.72b 8554.94+452.04h

Organic Matter(OM) : AL ; Total Organic Carbon(TOC) : 4 HLEK; Total Nitrogen( TN) : 4x%(; Carbon/ Nitrogen( C/N): #& % Lt ; Total
Phosphorus(TP) . B TR R R ER B E( P<0.05)

2.3 Fdmaba

ISP R 53 A RES 109% DL s i IR 3T, | 1%—10% Z 5] 1) 1 458 5 2 i
R WERE 1% UL N0 A A 288, X IS BE & FR AR AT 0T s, 222 R ] Shannon—Wiener ZA£PEFS
H(H') \Pielou 51 EFEE(E) Margalef F 5 FEHEE(D) Ml Simpson MEHEFRE(C) MATHH L ABFSE
SRR 5 25 00 B RIS LEBOR FH LA 2R (ANOVA) 2304, L83 S BEREVE HE AR X R AT a4 FH A o)
N 5 Z K FH AT ik (PCA) EAT43 T, SR FHELSE X R 20 ( CCA) 7kt H 3 sh Wy 1 5 + HER 8 X 7
KR IAT M, A BAREr5 4 E 2R A Excel 2003 ,SPSS 17.0 55 CANOCO 4.5 %44,

3 HRE5SW

3.1 HIESHYIRE R A AR
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ANEY - SESY) 21779 o0 T 58 AR A LS D TR H AT B R B AR 3 26, R
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JLIERES AT H Ak BB b BB R IsoRE kR R BBk R R BEBERE LR AT

WAL 9 2 EMMZISEKJ 22.94% , U I sh 2Bt i os X Sk ) S Zah Wit HAY 46 K2 R J58E, 5 B4
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Table 2 Group composition and quantitative distribution of meso-micro soil fauna in indifferent treatment sites( Mean)

FEH A HeHL B Hefh C Z50)) Fei B ST Total
- Sjie A Sie B Sj:e C Sie D Sit:e E
T BE B B e B S-dymE

Density/ Density/ Density/ Density/ Density/ Density/ %

(H/m?) (H/m?) (H/m?) (H/m?) (R/m?) (R/m?)
FEIE H Oribatida 18266.67(+++) 15375.00( +++) 20475.00( +++) 15208.33(+++) 15325.00( +++)  16930.00 46.6
AT H Mesostigmata 2625.00(++)  1558.33(++)  5208.33(+++) 3016.67(++)  3150.00(++) 3111.67 8.57
ST H Prostigmata 4600.00( +++) 4633.33(+++) 4108.33(++)  4391.67(+++) 4550.00(+++)  4456.67 12.3
Bk} Isotomidae 3333.33(++)  6058.33(+++) 12225.00( +++) 2958.33(++)  3566.67(+++) 5628.33 15.5
Bk iRl Hypogastruridae 2166.67(++)  616.67(++)  700.00(++)  875.00(++)  1225.00( ++) 1116.67 3.08
BB} Entomobryidae 225.00 1250.00(++)  483.33(++)  583.33(++)  333.33(++) 575.00 1.58
FEIRL Chironomidae 1183.33(++)  108.33 125.00 591.67(++)  766.67(++) 555.00 1.53
BBkl Onychiuridae 1141.67(++)  1408.33(++)  608.33(++) 1416.67(++)  1150.00( ++) 1145.00 3.15
Bkt Bl Tomocetidae 0 8.33 8.33 8.33 16.67 8.33 0.02
[ Bk B} Sminthuridae 350.00 933.33(++)  358.33 175.00 350.00( ++) 433.33 1.19
PEBk HUBE Neanuridae 58.33 50.00 141.67 41.67 16.67 61.67 0.17
BEBkAL Cyphoderidae 558.33(++)  375.00(++)  525.0(++) 591.67(++)  483.33(++) 506.67 1.4
BB} Pseudachorutidae 591.67(++)  283.33 225.00 616.67(++)  541.67(++) 451.67 1.24
ZRI8FL Enchytraeidae 0 0 158.33 41.67 91.67 58.33 0.16
KL RE Dolichopodadae 8.33 8.33 16.67 133.33 133.33 60.00 0.17
1R} Formicidae 66.67 8.33 50.00£23.03 0 16.67 28.33 0.08
Ik F Araneida 8.33 8.33 16.67£11.24  25.00 33.33 18.33 0.05
A WP} Carabidae 400.00( ++) 33.33 8.33+ 166.67 100.00 141.67 0.39
HH4 L Carabidae larvae 58.33 8.33 41.67 25.00 16.67 30.00 0.08
R} Cicadidae 0 0 16.67 0 0 3.33 0.01
SRl Therevidae 0 0 8.33 0 0 1.67 0.01
HtRIA H Geophilomorpha 0 16.67 0 8.33 16.67 8.33 0.02
[ Bl Staphylinidae 1166.67(++)  208.33 191.67 333.33(++)  266.67 433.33 1.19
5 4y HL Staphylinidae larvae 50.00 16.67 41.67 91.67 33.33 46.67 0.13
PLIKFE Noctuidae 0 33.33 0 25.00 0 11.67 0.03
KA} Tipulidae 8.33 0 16.67 0 33.33 11.67 0.03
i i} Thripidae 191.67 41.667 291.67 50.00 75 130.00 0.36
S fFRl Scarabacoidae 8.333 25.00 0 0 8.33 8.33 0.02
Wit H Corrodentia 0 8.33 0 0 0 1.67 0.01
HIFRL Elateridae 8.33 0 25.00 16.67 8.33 11.67 0.03
REEHEL Scaphidiidae 8.33 0 0 0 0 1.67 0.01
JEHIBE Cicindelidae 0 8.33 0 0 0 1.67 0.01
iR Muscidae 0 0 16.67 0 0 3.33 0.01
HEA ¥ Silvanidae 0 16.67 0 0 0 3.33 0.01
MR ELRL Sciaidae 8.33 0 83.33 0 0 18.33 0.05
WIERE Tingidae 0 0 66.67 25.00 33.33 25.00 0.07
%%} Aphididea 100.00 91.67 175.00 33.33 41.67 88.33 0.24
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%t T ww o ww ew e

Density/ Density/ Density/ Density/ Density/ Density/ %

(H/m?) (F/m?) (F/m?) (H/m?) (H/m?) (A/m?)
/NGB Chalcidae 41.67 50.00 8.33 16.67 41.67 31.67 0.09
IEL Simuliidae 0 8.33 0 0 0 1.67 0.01
WHRL Pselaphidae 0 8.33 0 0 0 1.67 0.01
HHF Scydmaenidae 0 8.33 0 0 0 1.67 0.01
MR Chrysomelidae 16.67 0 8.33 16.67 33.33 15.00 0.04
KNG} Platypodidae 0 0 8.33 0 0 1.67 0.01
K KIRE Tipulidae 8.33 0 0 0 0 1.67 0.01
i it %+ Rhagionidae 16.67 8.33 33.33 25.00 66.67 30.00 0.08
FIGRL Phoridae 16.67 0 0 16.67 0 6.67 0.02
KEHE Erotylidae 16.67 0 0 0 0 3.33 0.01
HiF B Tenebrionidae 66.67 16.67 50.00 41.67 8.33 36.67 0.1
ZEHFL Silphidae 8.33 0 0 0 0 1.67 0.01
SR Empididae 0 16.67 16.67 0 8.33 8.33 0.02
ZHRE Curculionidae 0 0 41.67 0 25.00 13.33 0.04
RAEF} Geometridae 8.33 0 0 0 0 1.67 0.01
Ji R Coleoptera larvae 33.33 0 0 0 0 6.67 0.02
B H A Georyssidae Laporte 0 8.33 0 0 0 1.67 0.01
HKFRE Lucanidae 0 8.33 0 0 0 1.67 0.01
SR} Tephritidae 0 0 8.33 0 0 1.67 0.01
JURKE} Geometridae 0 0 0 8.33 0 1.67 0.01
K IRl Lygaeidae Schilling 0 0 0 0 8.33 1.67 0.01
BAMARE Individual number 4491 3999 5591 3789 3909 21779
SZEFHEL Group number 36 37 38 32 35 58

(+++) : RIBIILIESERE; (++) . RIS WK

13 2 Wl LU B, S [ b BRAE b 04 1 38 S W) 2 e 2 U A 22 5, (5L F 5 0. 1 398 sl 7 i A e v
S s Mk A Rk RS BEBERL L S W P A A AR L e S, X SR H
AR R Rk OB S BE R A SR LR S W e A b X F RIS N PR S ALY TSRS R, T3 Ah AT
W H T H S kR R A SRS R P A R AN SR USSR il 2 DL A | X R W X 2 + S B )
AR ) TS - S 2R
3.2 [RIFEATAL BEAE M A SE S PRI S A Rk
321 HIESNIRER AR bR A [ oA

MR 3 TTLATE Y, 200 R AT AL B (O L, SRSl ) % AR o 4 (K T X B AR 3 € (P<0.05) . IS
FRERFE R B BRI T AR C (17.17) HEZERE (HAEHL A D E 53 BEEH C 22 5% A .35 (P>0.
05) ., HEHlL A P SESh Y AR PSR B (1.72) , W TXFIRARSD C, R B rp R3S Wy sl &) P dR & (0.
64) , 2 TR AR C(P<0.05) , X HEAEHE C i, L 3Eh Yy 4= 6 EHE AR (2.63) SILFEETE R 1 (0.37) .
DAL S5 R R FAT AL BER AR MRS - SEShBREE  BOR , S R C AR 22 S, (HA[RIRS AR 1 Ak
BT XA L S Y RF LR PR A — AR
322 HIESNWIRER AR IRIE B A

ANFIFRSAT i F 7 Ak B 5 B e sh A PR RS S R S i A RS 0 IR C R,
K1 Al LR 0T S sh S Al 7 L2 R RS AT IE AR BRARE b 38 S A PR 505 0 IR 3t 22 S A
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0—>5 em )2 FHFFE HH AL IEAE b S A (R BT Sk 2 /0 T4 BEAE ML C(P<0.05) ,5—10 em )2, FE it
B.D .E d ISP MARUE 20 T RHRAEHL C(P<0.05), 10—15 em + )2, FEd A D E o 3 sh B MR %
/DT X BERERL C(P<0.05) . 15—20 em )2, FEFFiA H AL FRFE Hb 1 1358 sh ) M AREC S 0 BRAE L € 22 57K
WE L T HIES R DA TE 0—5 em )2, FEd B SRR W 0 TR IEAE L C(P<0.05) ,
EREATE 2 H A RS ISR BCER S X IR R C 257 R B3 (P>0.05) . MR —FEHEAR A + )2k F | Bk
THREHD B LIS, FE AT AL BEAE 1l PN %) 3 Bl A R B0 SR S IR b C AR — B0, B R, i A 18
PIA-ERIRPET I G, b AR A P RIEZ WA RS B LE 0—10 em 5 10—20 em )2 )25 544
i MW (P<0.05) .

R3 TR T BB ERE ( FHEAREIR)

Table 3 Soil Fauna Communities in indifferent treatment sites( Mean+SE)

s FERERL o E D c R/ (H/m?)
Site Group number Density
A 15.92+1.12ab 1.72+0.08a 0.63+0.03a 2.51+0.15a 0.30+0.03a 37425.00+3305.55a
B 13.67+1.26a 1.63+0.06a 0.64+0.02a 2.21£0.16a 0.28+0.01a 33325.00+£5121.73a
C 17.17+0.92b 1.46+0.09a 0.51+0.02b 2.63+0.14a 0.37+0.05a 46591.67+1529.88b
D 15.92+0.84ab 1.67 +0.09a 0.60+0.03a 2.59+0.1418a 0.31+0.03a 31575.00+554.48a
E 16.08+0.57ab 1.69+0.09a 0.61+0.03a 2.61+0.09a 0.30+0.03a 32575.00+868.48a

[A]— %) K [] 7 5 26 7 A () B i 18] 9 22 53 8 3% (P <0.05) , H'; The diversity index ZFEEFE%0; E: The evenness index ¥J2] B8 %(; D The
richness index F & 8%, C. Simpson Dominance Index B %

BA OB OC BD OE

250 16
i a
Q 14 -
200 2
= E N
% 150 2 10
> =3
E st
=100 © 6L
] %
< 50 |
< oL
0 0 1 1 1 1

+ )2 Layer/cm

E1 FELERNTENMEMEES LB FHOEAREIR)
Fig.1 Individuals and group number of meso-micro soil fauna in the different layer ( Mean+SE)

AN A 38R [ — AN [RIAE b ] 119 22 5= W8 35 ( P<0.05)

AR AR BERE AN 2= N SRS RSB I A G DLk 4 o, thak 4 AL 20 AN RS
i T 75 QAL BEUS BORE L, b L3 1 e sh By 5 X Bl C 723 18] o0 A A R 22 53, BT A R AL B 3l
# L Z TS 5 AR C A e e,

SMORE TR REHL A 7ERTA LR, R s /N e S R RS R A . BRRE T
WY F R B RE AN R 1 Z AT A R PR A LA S R . X IREE R C b, TR A SRR
FHILFAERTA 2288 0 L sh ¥y, e A RS AT AL BRAE b, 35 Bk sl S0 B S0 H 45 14
SIS R B AN [R] £ 2 AR S sy, DR, 4 Bk ARk o T H 34l U E O 2
DA S, BT H Sh 8y nT B XA AT AL IS HASE 1 Y S Sh )

3.3 FREEPN N SR v R B R
331 FHATIL XS S W) T 2R AR A AR B X R T
ARWFFER L HE S P A AE ZRME ZARERR R S PR B 4 T B AR B ISR AR B R IR (I
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W R E Y BRRNE 3 28) R WEHE AR B Bk R 2Bk R R R ik R
Bk HRE SEBCRE LBk e RS 9 28 I AMARBIUR AF 19 A 3RS RRIE R AR R A 2 o Ik AT A BT,
TE X REFT A FH A5 e U ) R Sh R P A . ASBIF ST BE BT PR AN 3 0, Qi 5 o , BRL STl RaA 3 T
99.99% , 1] LML F 19 > H IS PR E R AR 48 K 5 B o

®4 TRELEHMARTEFNETEAYAB LB

Table 4 Distribution of dominant groups of meso-micro soil fauna in the different plot with the different layer

+Z Layer/cm FEHL A Site A FEHL B Site B FEHL C Site C FEHL D Site D FEHh E Site E
A4 4457 845 i%ﬁig 445
0—s i H BT H AT H T i H
7k st B ik st B Y7k st R %ﬁmﬂ ik sk R
N . i 7
R H S RIAE] P P
510 O WA A e A
5 Bk R ] A NRAE AT H
5 R
ois g s g 89 i
IGAREAE| AR RIA=| Fi ek A RIA=| i
7 Bk R}
g 7 g 7 — 5 7
1520 i [ISARLAE| AT H I T H
i R Fie kR ¢ IGARE A

£5 HMERIEFUEIRSFERSFERHE

Table 5 Eigenvalue and variance contribution of principal components

ERIY FEATEAR J7 ZETIHRA/ % ST 22 TR/ %
Principal component Eigenvalues Variance contribution Cumulative variance contribution
F 4> 1 Principal component 1 7.504 50.029 50.029

FE 847 2 Principal component 2 7.495 49.969 99.998

A S IS E G 5 BT B 5 SR AE 2 O L P AR TR, 4330 5054 2 1 (8
HITR R R 65/ AR RLE A 4M I SRR IEFTHE I, 509 6 I, 13 6 7T BLAT U1
CRAT M S 440 BN T HESh PR R I S B B S RE BT TIE H 20
KT BRI 5 o1/ DA A6 HT6 8 FEL AL LR O, T L4 9 B R P T
L HE 756

®6 HNELTEDYIEHEREETIRIGESESHR

Table 6 Comprehensive value and Rank of characteristics of meso-micro soil fauna

ezt FR 1 TS 2 ZaTE 350
Index Principal component 1 Principal component 2 Comprehensive value Rank
ANMAEL Individual -0.047 -0.058 -0.052 2
ZEBEEL Group number -0.180 -0.168 -0.174 9
H' -0.170 -0.181 -0.176 17
E -0.171 -0.181 -0.176 18
D -0.173 -0.178 -0.176 16
C -0.173 -0.179 -0.176 19
W Density 2.954 2.881 2.917 1
H5F H Oribatida -2.593 2.361 -0.118 3
HI“XI 1 H Prostigmata -0.141 -0.180 -0.160 5
kAL Isotomidae 1.457 -1.774 -0.158 4
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Ei=tan FIr 1 T2 Lia Herr
Index Principal component 1 Principal component 2 Comprehensive value Rank
AT H Mesostigmata 0.162 -0.492 -0.165 6
Bk R Hypogastruridae 0.068 -0.412 -0.172 8
2z Bk B Entomobryidae -0.071 -0.277 -0.174 11
PEICRl Chironomidae -0.036 -0.312 -0.174 10
Bk AL Onychiuridae -0.018 -0.326 -0.172 7
BBk 2B Sminthuridae -0.218 -0.131 -0.174 15
IEBERl Cyphoderidae -0.169 -0.179 -0.174 12
1IBkEl Pseudachorutidae -0.350 0.002 -0.174 13
[ Rl Staphylinidae -0.134 -0.215 -0.174 14
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