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Effects of returning granulated corn stover on soil enzyme activities and bacterial

community in black soil
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ZHANG Xinglong', YANG Yanming''*
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Abstract: To investigate the effects of returning granulated corn stover on biological properties and bacterial communities of
black soils, a 2—year field experiment was conducted in Jalaid Banner, Inner Mongolia in 2016 and 2017. Amount of corn
stover incorporated in soil were 0 kg/hm’*( CK, 0% ), 4500 kg/hm*(JG1), 5250 kg/hm’(JG2), 6000 kg/hm’(JG3),
6750 kg/hm*(JG4) , and 7500 kg/hm*(JG5, 100% ). The changes in soil sucrase, urease, catalase, alkaline phosphatase
enzyme, microbial biomass carbon, and nitrogen, as well as the bacterial community were studied. Results showed that,
returning corn stover to the field increased the activity of soil sucrase ( by 3.29%—32.12%), urease ( by 5.32%—
52.66% ) , catalase (by 0.60%—27.11% ) , alkaline phosphatase enzyme ( by 10.89—64.20% ) , microbial biomass carbon
(by 1.32%—7.07%) , and nitrogen ( by 16.35%—80.46% ). The returning of corn stover increased the relative abundance

of Proteobacteria and Firmicutes in black soil, which can enhance the ability of soil nitrogen fixation and disease resistance
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and reduce the probability of soil disease through decreased relative abundance of Actinomycetes. New bacteria with the
capability for nitrogen fixation, phosphorus uptake, and soil improvements also increased. In conclusion, returning of corn
stover to soil has important ecological impacts on the agroecosystem, which can enhance the abundance and generic diversity
of soil nematodes, creating a stable and healthy soil ecosystem. According to our study, 6750 kg/hm” or 90% returning rate

is suitable for granulated stover returning.
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1.1 5 HEAL

AGRETF 2016—2017 4E7E N 52l 242 LA A ML BLH /s Y el DX T2, 32 b DX iy i o T 2
T A X, 35 H BECA 2855 h, B AR 2600°C 2247, TEAEIH 110—135 d, 4K 5 203 m, + 3821 i f)
+,pH A 8.22, IR HEFE IR UL 1, 0 A B R A AR AR R L 1

F1 KW HFNRAR(0—20 cm)
Table 1 Soil chemical properties of the tested field (0—20 cm)

B A Uy AL AL Ecer o X
Alk-hydr N/ Available P/ Available K/ Organic M/ Total N/ Total P/ Total K/
(mg/kg) (mg/kg) (mg/kg) (g/kg) (gkg (gkg) (g/'kg)
116.27 11.43 160.86 45.55 1.96 0.66 33.98

1.2 REest

H AR 25T TKRFEFFA BRI S FRE H R 0% 30% .60% K 1009%3i48 AR IS SRS FF 09% 34 H
6 4 0 kg/hm?( CK) FEFF 60%38 H i [ 4500 kg/hm*(JG1) FEFF 70%38 W i [ 5250 kg/hm*(JG2) |
FEFF 80% 34 1, 34 Hl 4 6000 kg/hm*(JG3) F&FF 90% ik HI , i HI i 6750 kg/hm>(JG4) FIFEFF 100% 34 H | i H
it 7500 kg/hm*(JG5)6 AMAbHE, % /NXCR FHBEHLIX 4l i3], A 3 W, /DX 13.2x10=132 m*, FiZEEK
WK Fe R b B 53 1SR XU, WS TRT S S FA RE ML RS AR R 2 OB 22 10—20 mm, 1A= 99 B UKL AL ( 445
KWLH-628 , 1175 4 A8 S0l B A7 BR A 7)) 145 F 42 3—4 mm K 30—50 mm BYEEIR BIAAR B H G 18T
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Fig.1 Variations of daily rainfall and air temperature during experimental period
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B, F5H26 H.7H 12 HEKPIK, #EKE 900 m'/hm®, 10 A 10 Hk3k,
1.3 FEARES ST
1.3.1  HHERES ST

F2016 2017 4% 10 H FRWGRIG RE/NX 3% < S” RIBFE LI 6 A3 0—20em HHERE 5 TR AR iz b 2
B — e, B E A 3R, TR A TCR A B A%, S5 B T O IR AR A S0 5 <7 B A AR e
B, 2016 4F 10 H R FORMRPR 1 4E KR 2 5 2 A0 50 R BOE A W5 SR A FRA 70 + ek Y i
Vi o I A U T R PR e U U TR R R K b R e Y e R R
FHBE R AR —4h e gkl e ™ 5 SRR F e s 5 e e I W2 Y R FH B 2R S -2
SIMTIRIE | A A e SRR P B 2 4R USRI e R e
1.3.2  FEH4 DNA B42EUR PCR §738

K H CTAB J7r ik XA A SE R 41 DNA HEATHRIR, 22 J5 1) S R W 6 1 Fh Dk RS- D DINAL 9 40 88 Rk B, B
ERRES TR O A JCEUK R RRRES 2 1 ng/pl, DARE S RO EEDZH DNA SRS AR I I X8 14
Ve, (i FHH Barcode 4555514, New England Biolabs 2% F] Y Phusion® High-Fidelity PCR Master Mix with
GC Buffer, FIE R R B EEUES T PCR, AR SRR ANERG T, 58 58 40 TR 22 BEVE 5 [ 9006 13 IX 35 16S rRNA 3
V4 X514 515F(5'-GTGCCAGCMGCCGCGGTAA-3") £l 806R (5'-GGACTACVSGGGTATCTAAT-3")
1.3.3  PCR ¥R AI4lifk

PCR Wil ] 2% ¢ B B BRI WEBE AL BEAT R DA I 5 R4 PCR 7 Wy B2 HEAT 25 BHIRAE | 58709 20 )5 A
2% W) BB ARRE IS FELUK AN PCR 74, %8 H B 2545 BT qiagen 23w B2 A% 2 DS & M ™) .
1.3.4  SCEMEF EHLIN T

i TruSeq® DNA PCR-Free Sample Preparation Kit £ 7] & 47 ORI, F 419 SO 4888 Qubit
1 Q-PCR E it , WHESHKIG , #i ] HiSeq2500 PE250 #E4T FHLINAE
1.4 Bkt

0y A A B A K OTU SIS Al BT i 2 IO A48 AR 9E Y . (A Qiime #X {4 ( Version 1.7.0)
TR 2R I T 2R LA AT . 43 8 R 214 (Version 2.15.3) Z:1fil PCoA IR R 2k . 150
TR Excel 2003 1 SAS 9.0 BAFHATE I3 T, BIREAE B F-HE AR iR
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Fig.2 Soil enzyme activities relative to treatments during 2016—2017
RNIR/NG FEEFR IR BRI 22 5 .35 (P<0.05) ; CK . X AL I | BIFSFF 09% 38 [ JG1 . FEHF 1 AL3E, BIFRSHF 60% 38 5 JG2 . R5FF 2 Ab 3, RIFSFF
70%38 H 5 JG3  AEHT 3 AbFE , BIFEAT 80% 34 H 5 IG4 . F5FF 4 b3, BIFEFF 90%3i48 H ;IG5 . FEFF 5 4L 3 RIFSFF 100%34 H

2.2 RIS EEXS A A A ) R A R

WK 3 FrR ,2016 F1 2017 A4 A0 R 25 2 v I W AR W i R 1 (P<0.05) ,2016 41 2017 4F
BRI CK 43 3R 5 34.33%—80.43% 1 16.37%—51.43% , 43 51/ JG4 F1 JG3 Ab &R Er . 2016 4F 11
TR WA Wy & 35 T 2017 4F(P<0.05) ,2016 4E 1 2017 4E &AL AR CK 43 B4 55 1.31%—2.63% il
3.25%—7.07% , 5354 JG4 A1 JG1 Ab PR & e dsc i,

FhEFF et LR, S im0 T (R A M B S A B RIS M, A5 b B A i 2R
IR & T CK,2016 455 2017 4398 BUR JG1 A JG4 AbFRAA: 9y bl R & e iy, BEAA FH 38 i, i A4
YRR R NS, 1G4 5 G5 Ab BRI AE, H T 2017 AR A9 TR TR S | e R A e R T
2016 4F,1G1.JG2 5 JG4 A FEAE Y AR Y s A S /DR
2.3 AP PR R K RS U R e

12 2 W0, A5 Ab B HRE OTU $iAE 3713—3913 Z [A],JG1.JG2 5 JG5 4bHE OTU ik 8 % & T CK,
FAREFEIEA IR T A E 2R, H JGT AR HAY A OTU 0 e i , 4B Ak B e 8 B2 46 5034 18 51 99%
FH 2 A, 45403 ACE Fll Chaol BU(E 25 5% .3, JG1 A1 JG2 AbHE i 35 $2  ACE Al Chaol $5%X, 1 JG3 ]G4
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Fig.3 Soil microbial biomass carbon and nitrogen content under different treatments during 2016—2017

JG2

JG3  JG4 IG5

FRJE 2 PR I8 H e R )T 25 S 3 K, £ A PR Shannon T Simpson Z0{H 22 5 W3, JG1 . JG2 F1 JG3 A — # %K
HI4 55T CK,IG4 F1JG5 AP B EL T CK( P<0.05) , & BIFEFFR H 2% 40 8 I BE VR Z2REvE 2 Ak s, B

SR 58 HEA X, ACE Chaol Shannon Fl1 Simpson R R IG1 AR

%2 16S r RNA EF OTU # . £ E E SR

Table 2 Estimated 16S r RNA number of OTUs, richness and diversity

fb BAE PR TTRL Chaol 5% ACE F8%K FAAEEL F AR 3 VR BE 45 8 %
Treatment OTU No. Chaol _index ACE_index Shannon_index Simpson_index goods_coverage
CK 3713+ 19bc 4233+29.6ab 4325+42ab 9.629+0.005¢ 0.995+0ab 99
JG1 3913+24a 4398+12.3a 4458+23a 9.825+0.050a 0.996+0.001a 99
JG2 3771+32ab 4282+61.1ab 4348 +44ab 9.740+0.016ab 0.996+0.0003a 99
JG3 3661+61bc 4043+180.1b 4147+159h 9.662+0.031bc 0.996+0.0003a 99
JG4 3680+58bc 4189+43.0bc 4303+56ab 9.501+0.025d 0.994+0b 99
JG5 3715+62¢ 4125+82.0b 4210+88ab 9.478+0.035d 0.994+0.0003b 99
RGP R AR B 22 5 1 35 (P<0.05)
3T Weighted Unifrac #5525 2R 4T PCoA 43 #T, It
TR A bR SR 4. febmy ] Sa )
3 NH A PR B A, 3R R —Ah B A RV Al R A . 1G3 -
AR, RGPS BIXT SR s oo s | D £ o
HIEEA R 22 AR K, PCL I PC2 BEANGIAY BB T & ‘
442390 30.35% MRS ML, 4B Lsmpne S |° .
EAESH AT P AFAE A NI, IG1 1 JG3 AbFE JG4 R IGS &
AEFRAE PCL Al B BGE RO B CK L FAHBR K ol
T, 1 JG2 AN CK AbBEAE PC1 4l b A BEIT , UL A%
T34 2 5 0 20 TR T T 8 A ) R R AR R , , .
-0.10 -0.05 0 0.05 0.10

JG2 Il CK A3 F) 4H 127 7 7% 45 K6 #1573 A 76 Th &8, JG1 4b
PO AEZEM 5, JG3 AbBE Ay A 7E b U7, 1G4 F JGS Ak
RO FE AN T, BB JG2 A CK ARBE G4 Fl JGS Ab B
) 20 TR A O 25 A SR AR R B

2.4 RO A PR R A AR 5 R

PC1 (44.23%)

B4 FRESEELIZZH

Fig.4 Principal coordinate analysis of different treatments

NI 5 B ETE R FCHE RO =R B e e O TR 1) 2 IR T 1] ( Proteobacieria)) | i 33.0%—44.1% , B 5
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( Planctomycetes ) 0.9%—4.4% JERERE ] ( Firmicutes ) 1.0%—2.6% Y # |1 ( Verrucomicrobia ) 0.8%—1.8% | &
W H )( Thaumarchaeota ) 0.2%—0.8% A1 H A 2.8%—3.9%

Hor o HAths Others

m A HT] Thaumarchaeota

g 08 L B JEMIAT] Verrucomicrobia
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é 0.6 - o F&ER] Planctomycetes
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5 [TKFELERAFEHZD 10 B FEX FEERE
Fig.5 Relative average abundances of the ten most abundant phyla of phylogenetic phylum

a4 FH 45 A BEAR T TR T AR = B2 I 2 8 1 CK B JG 1 Ab 3, Bl A3 o, FL=E B e, AR TR AT
ALAE -6 1 [ BN, AT IR B T4 v R B ARE ), 5 AR Tl W A W e B DRI PR R I — 2, ik
T[] 22 R BUw AN, RS AT A8 B A5 b SRR B T ARG 2 B I T CK &2 JG3 Ab 3, 3o 4N T i /b, AR 1 4 0%
Joa T R AR JRERETR )T AR K AR i PR BE A 4 fidk 1 vp i 1D A K Ak G W) S 5 [ IR REHR
TR JEA AR o 5 A SHUSERE B T ARDG 2 B2 B S T CK, 50y 7 o 1 JER B BT 1) T LA S e i fie - 39 5%
43 HE ORISR AT, T B4 2 SRR AP R s A B O . ANk 3 B, 5 CK AL, RS FF I AL 348 & T )5
BEBET ] PR 1] AR T 11 1T AN BLAF B8 1) 2 8, H JG4 5 JGS Ab PR FE 3 N e 2, £ E AL E Fusibacter
Stenotrophomonas , Zoogloea . Desulfovibrio . Pannonibacter 5 Mangroviflexus 55 , W 31 A0 57 40 11 3 205 K 1] % W i
R R 4w s Y RS DIRE I AMEA 4 R AR RE .

®3 OTUKFTARRELLEHZR 10 WA HENEE

Table 3 The relative abundance of the top 10 endemic species under different treatments at OTU level
FAX}FFE Relative abundance/%

OTU J& Genus 4 Class I"] Phylum
CK Jc1 JG2 JG3 JG4 JGs

0TU29 0.000 0.000 0.000 0.000 0.704 0.321 Fusibacter Clostridia Firmicutes

0TU74 0.000 0.000 0.000 0.001 0.539 0.058 Spartobacteria Verrucomicrobia

0TU78 0.000 0.003 0.000 0.003 0.549 0.073  Stenotrophomonas Gammaproteobacteria Proteobacteria

0TUSS 0.000 0.003 0.000 0.000 0.077 0.072 Zoogloea

0TU114 0.000 0.000 0.000 0.000 0.318 0.122

0TU135 0.000 0.000 0.000 0.000 0.082 0.779 Desulfovibrio Deltaproteobacteria

0TU152 0.000 0.000 0.000 0.000 0.267 0.066 Pannonibacter  Alphaproteobacteria

0TU170 0.000 0.000 0.000 0.000 0.065 0.212

0TUY%4 0.000 0.000 0.000 0.000 0.369 0.068 Mangroviflexus Bacteroidia Bacteroidetes

0TU167 0.000 0.000 0.000 0.000 0.229 0.031 Flavobacteriia

2.5 A A3 I - AN PR TR 45 R 1Y) IR T4 A
K 6 1) RDA 2047 2281, 14> 35 AR AE(E 20901 0 48.33% F1 19.20% ; WA T30 B, M SE R 80k 0, 5
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FFES L5 R DR 2 e il communky () nd 1
b ST U G 1, L TR T A o R S A AT A A
SN SR oAl W DN e S e 7 i R e
4 TG PERT R T CK, HL R F R B0, S M P SR B8 BT FEAPAS B S R R, A 1
Sy et n] Sy SR B AT HL A 4R T LA ) B IR RUE MR R RO I S A AL
WA A3 A , it LR SR A A A K S I P BFSE R T 5090 AT AL BN (A s A
o VR R W (P<0.05) , 3R 50% F5 18 F 4 1 C/N S A R W) A A7, 300 0 8 it R v
B2 AR R, SOHE— 2D 4 e LR S I B, TR MR o SR BERUAE W 2 L AR, DG4 A IR AR
Wy R S A B, AT RE SRR B R C/N(6.44) BUE B RUEDIAER . 3 WS & B ZBAE AT 24934
A 25 R g SR W S T A B ABERE P Z A AT A T AR PR L SRR Y A iR R W e T
HABAEEE | AR5 RIT, 2016 F1 2017 4F4 b FRHAE Yy B AU S 501 357 T CK(P<0.05) , HELLREFFid
T i A e e S A L ) ol A A 2055 B S TR T 2016 4F, WT RESE: 2017 A48T )1 57/ R i 1 S 30
FREEFE TN KRR 7 A 52 | S B i i R BRI
3.2 ASKE BTN PR B B 2 R RE R

M OTU i i LI ), &4 BAR A OTU 0 4 T CK 5 JG3, H JG1 AL OTU Brid i 2, R YR AT ik
FS 0 38 OTU Hode: $m TAN 2 RETE, o Ol 551 90 R B A A HLIE B 4 T L HEZR TR 19 16S rRNA
JEPH P VUKL, Teixeira 55128 5 HAF 0 25 SRARML, A BFIE LR S HTABFTE — 2, I o ZHEEFTE( Chaol FI ACE
TR0 A AT TG 20 o 1) = 8 -5 2R i S i A S DR TH A A [R) 22 5 R, AT RE R 3R e el
TSR, FEAT ik T RE UGS SR S AL & SR THIE ) 9 240 K BRI, Sy A B e fE B AR K
PRAEH2200 4rBT B AR L (Shannon I Simpson $E%0) , T FF I FHAS 1 S8 40 TRT R V& 25 149 1) 5 06 R 18 P AR
[ 26 AR, CK F1 JG2 AbFRAN B E T S5 A SRR RE fe L, 1745 A 25 A BE 2 S AR R AT 2 I 202 - 3 240 7
PR TR E L ALY, Xof 8 L 18 S 7 A
3.3 RS KRB AN G VAL U R

JG1 A3 OTU Mokt e (HASTE W11 45 A 4 b BE B, W 4R MO B 1 T A BUW R -F B2 0G4 71 JGS Ak
R SR L OTU B R T CK (HA £ 81 =F 5 W T 7, S50 1 2 W1 A8 IR, DRFr 1T R4 1) - MR A0 T A v 45
¥, RSBV R IR B B T R0 709% LA L X S RTABFR A R 20 KA
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