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Abstract: [ Objective] Fluvo-aquic soil is widely distributed in the North China Plain. The soil is very low in organic matter,
which is hard accumulate therein. Maybe, this is the main cause preventing high crop yields. Application of extraneous organic
materials (i.e. straw and woody peat) is a common agricultural strategy to improve soil organic matter (SOM) content in this
agricultural region. However, so far only limited information is available in the literature about effects of applying crop straw
and/or wood peat on crop yield and soil fertility, and it is not clear whether it is superior to direct straw returning to the field.

[ Method ] In this study, a field experiment, designed to have four treatments, that is, CK(Do not apply any organic material,
only chemical fertilizer), R (Chemical fertilizer and 7 500 kg-hm™ of straw), MT (Chemical fertilizer and 7 005 kg-hm™ of the
wood peat), and RMT (Chemical fertilizer, 7 500 kg-hm ™ of straw and 7 005 kg-hm™ of the wood peat) was conducted in a field
of Fluvo-aquic soil in Fengqiu, Henan. Crop yield and soil fertility indices, such as SOM, total nitrogen (TN), available
phosphorus (AP), nitrate (NO;-N) and carbon nitrogen ratio (C: N) of the soil were measured. High-throughput sequencing was
employed to characterize diversity and composition of the bacterial community in the soil, FAPROTAX database was used in
prediction of bacterial functions. [ Result ] Results show that there was no significant difference between Treatments R and RMT
and CK in aboveground biomass, but Treatment R and RMT was 40% and 64% respectively, higher than CK in average
respiration rate in the whole growth period of maize. However, Treatment MT was 10% lower than CK in aboveground biomass,
and did not differ much in average respiratory rate. On the other hand, the treatments varied in effect on soil fertility. Compared
with CK, Treatment R was 23.56% lower in AP, while Treatment MT was 79.30%, 39.12%, 43.63% and 86.50% higher,
respectively, in SOM, AP, NO;-N and C: N. Through high-throughput sequencing and function prediction, it was found that the
bacterial communities in Treatments R and MT differed significantly from that in CK in composition and function, while that in
Treatment RMT was similar to that in CK, and the soil bacterial communities in Treatments R and MT were significantly higher
than that in CK in diversity. Compared with CK, the relative abundances of Chloroflexi, Gemmatimonadetes, Arthrobacter,
Dactylosporangium and Rubellimicrobium that could decompose and utilize fresh straws were significantly increased in
Treatment R, but the functions of Chemoheterotrophy, Aerobic chemoheterotrophy and Ureolysis were decreased, while in
Treatment MT, the relative abundances of Agrobacterium, Cellulosimicrobium, Devosia, Niastella, Nocardioides and
Rubellimicrobium that could degrade macromolecular organics were significantly increased and the function of Cellulolysis was
strengthened and that of Aerobic chemoheterotrophy was weakened. In addition, the predicted functions of the soil microbial
communities in Treatments R and MT were significantly different from those in CK, but thoese in Treatment RMT were similar to
those in CK. In addition, the predicted functions of the soil microbacterial communities in Treatments R and MT were
significantly different from those in CK, while those in Treatment RMT were similar to those in CK. [ Conclusion ] In conclusion,
in the Fluvo-aquic soil area, although applying woody peat alone can rapidly increase SOM, it may lead to decrease in crop yield
temporarily or in a short term, which may be relative to changes in the soil microbial community in composition and function,
thus affecting nutrient recycling and transformation. Combined application of straw and woody peat is beneficial to building up of
soil fertility, and maintaining the soil microbial community in structure and function.

Key words: Straw returning; Woody peat; High-throughput sequencing; Microbial community; Function prediction
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Table 1 Soil physico-chemical properties relative to treatment

Kb P Treatment SOM/ (g'kg') TN/ (g'kg!) AP/ (mg-kg™) NO; -N/ (mg-kg™") C:N
CK 6.04+0.84b 0.6440.04a 13.24+0.07b 16.73+0.48b 5.48+0.67¢c
R 6.94+0.40b 0.58+0.14a 10.12+0.95¢ 15.61+2.17b 7.20+1.82bc
MT 10.83+3.02a 0.610.14a 18.42+2.85a 24.03+3.28a 10.22+1.23a
RMT 9.45+1.70a 0.61+0.12a 11.44+0.84bc 24.63+2.84a 9.13+1.81ab

F: SOM F/R HIEAHLT, TN RRER, AP L/RAMHE, NO;-N FRMAZR, C: N ERMA . RAPBIENFHME « 47
W2, BRI FE8E R A R AL B R 25 5 2% (X 7%, P<0.05 ). T[A] Note: SOM stands for soil organic matter, TN for total nitrogen,

AP for available phosphorus, NO; -N for nitrate, and C: N for carbon nitrogen ratio. The data in the table is means + standard deviation

(n=3) . Different letters indicate significant difference between treatments ( Duncan method, P<0.05) . The same below
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PR Z R T fig ( Ureolysis ) il £F 4 25 8 3 ) fig
( Cellulolysis ). X} & 6 FohgeH.oofb)m i ir R
Srir (L 6), EBFTAFES LIS A =4, Hp,
BT R 3AEE, A E MT 488
3IAEE, B =41445 CK ARFEfAY 3 ASE A RMT
AbERRY 3 ANEE . 5 CK M, RACFEHILAES IR
AR IR . IREACH TRy W BEAL thAh,
R ik g i m, BOHAMALFE S 22.06%~
41.44%, MT AbEh R eSS 3R . IRERIHTIRE
BERRAL, Mg RPN BT E; CK 5
RMT 4b 2] D GETC i & M 22 5+
2.6 HMEINEESTEMHRZENXER

¥ LR ab R 22550 6 WiThaes L HEr ik
febn . AN EEERM SRR S, 25T &=

e

—_

a Q aQ
2l 7

—_

4
€

<

208"
w9

H: CH X/nfbeR = AE . ACH /R A LAk F=II6E |

Ni R L IIRE . NR RN SR EE RN AE . Ur o JRER A
Yifg. Cel XneFdi Z il PhE. TR Note: CH stands for

chemoheterotrophy, ACH for aerobic chemoheterotrophy, Ni for

TIN
€N

nitrification, NR for nitrate reduction, Ur for ureolysis, and Cel for
cellulolysis. The same below

6 AN [l b BRI W T E D) BE T
Fig. 6 Functional prediction of the microbial flora in the soil
relative to treatment

AV THDCHE T, 4SRN 2 s, kieRaR S
7 A AL RE ST IR DU RE 4 Wil 5 A AR A A B A oG
(=067, P<0.05; =072, P<001), S54:25H% ]
(=086, P<0.01; r=0.86, P<0.01) FIZH ]
(=0.94, P<0.05; =093, P<0.01) it T,
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S5 EET TR EEMSE (=071, P<0.05; =0.75,
P<0.01 ); fifb2)fie 5 28 5 i v ] ok b 3 1A ¢
(r=0.78, P<0.01); fiHMRERIEIFEIIRES SOC HINO; -N
PR B EADE (=084, P<0.01; =0.83, P<0.01);
PREAUHDIRE 3 A S S STET TFIZFERMIERT T (7=0.79,

=2

P<0.01; r=0.62, P<0.05) WEGHE, MS5FER
1T (7=0.73, P<0.01) Jlib & EAHSG; £F4ERTh
A5 SOM. AP FINO; -N HJaii #F EAH (=0.60,
P<0.05; r=0.63, P<0.05; r=0.68, P<0.05), {HA3} &
AR, FK i 522 FUIRBITIC W A O E R ( P>0.05 ),

SMEESTIRBMIER. BRSHMRERIZENX SR

Table 2 Relationships of the difference in function with soil physico-chemical indexes, bacterial diversity and difference in phyla

YIfE Function SOM TN AP NO;-N C:N  Shannon ACE Chl Gem Pla Y
CH ns ns ns ns ns -0.67* ns —0.86%* —0.94** 0.71% ns
ACH ns ns ns ns ns —0.72%* ns —0.86%* —0.93** 0.75%* ns

Ni ns ns ns ns ns ns ns ns 0.78%* ns ns

0.85%
NR ns ns 0.83** 0.59* ns ns ns ns ns ns
*
Ur ns ns ns ns ns ns ns —0.79%* —0.62* 0.73%* ns
Cel 0.74* ns 0.63* 0.68* 0.79%* ns ns ns ns ns ns

TE: Chl RAREGHIT, Gem Ron 2 HAMIFT

Pla £/RIFHREI]. Y BRI KTE; ns FARMEERARNLEE (P>0.05), *Fl

I F R I E AR (P<0.05) A B EAHE (P<0.01 ). Note: Chl stands for Chloroflexi, Gem for Gemmatimonadetes, and Pla for

Planctomycetes, Y for maize yield;

respectively.

3 i @

3.1 AREYHHRMIHMEY =2 T ELFERY

A

AR LERFE, MT AbFE T K b3 A4
FEFTA AL B P B (B 1), —AN AT BB AR AR
Te I & & Ko FHEEAPL, WA PR XME S i AL
FEMMELIRE, X5 MT AbFE KA 5 30 B £ S
W KA F AR A— 2 (1B 2). 1Ak, BFA
AR A BRI AR T, PSR SET
MELABEVED R T, DT 30 s R A, Wl Be
R Fl RMT 4b B Kk B EA Y5 CK
TwFEES . SaANRSRE -8, KIW/HFTE
FH AT 2 2 g 7 i U0 i e SRS A A T X1 4 7
To ki F RN ARG AT, e A e Rl
ol T A R AR A U8 e B A5 it FH T 0 PN 4
K REARAR , EL AT, T S i A A
U ¢ ) i 25 AR AV R OK 7 4

MT F1 RMT 4bBEE) SOM & & B W, 1 R

ns indicates no significant correlation, * and ** indicates significant correlation at 0.05 and 0.01 levels,

AP CK 2Rl (£ 1), AEABFFELs %L, M
HIFS AT A W A MU E B E A8k, %22 18 a BiLjit
fRIEFFSHE, HHEAHNUG S EA B EREGS, 54
45 e — B0 it A AR e ¢ 1= 58 SOM . A 75 g 1] Py i
T, XA EES MT AR 45 Rase 47 U R Il RMT
A B - SRR I AR I 2 5 T MT Al CK AR 3 (]
1), Cni 1) I I 23R B R e 1Y) - SRR i
it A 38 A LR S 3 S DR A E L
AHLTH LR T A SR, A BLJE 4 i
e, AT LAED , RMT o i A SOM
ATREEZOR A MT Jti A 45Tk, 5 CK AbELAH
b, AP 7E R AbH 1 25 REA%, 17 AP F1 NO; -N 7E
MT AbHih g 5T E (R 1), X FEERH NFEF
FEER C P FIC 0 N, ZEFRSFT o0 fifp ot A5 75 ZE il
TP BER AR, R RA G A AR
FREFF, SRR T, AR st A R
Al A BRI ABE R ITRE L, FE AP A
NO; -N EaREAm, X5 AR 45 R —
], ARG FUR ] 2 R R A i I
Gb, ARV G FIen iy —Fh, AR Te i H
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A 95%HIFLBER A 200 m*-g ' LR TR, HAMER
MW MRE F1, RERSIEEH N P ZEE gr Rt Y, ff
B3R AP FINO; -N 9 &%, 1 seus (1 + 1%
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A A b b 5 AR W i e FEIR OO S 1) 3SR o
i, MNMi5% B e i o
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ARl PR A R o E o R B E R 2E R . R
AEERANTE Z RN R T CK AR BE, ST A PR
SEAE R —F, XA R TR ACK 5800 ok
Ko FHAIE, fEiF 5 3587 AHEY
AR, T B R TR o O Tt FH AR A U8 e X
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[ FF 5 3 5 F CK ARHR . — /0] BE A B2 AR AR
SR FI] T 00 28 53 K57 A WL 2005
TR Y EREY, ST A B RN,
RMT b BRI 2 FE 1 5 CK 22 7ok ik K.
WA B M I 2 5 R A A R U AL R RN 2 BT 24
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Briggs 3R], RMT Ab3L 5 CK A P 4H TR HE Vi 41 AL
ARARL, T R FI MT 4B CK Ab 3R 4H R V% 20 il 22
SRR BN L, ST TR ZF SR [ AE X
FEEAE R b B TR (E 4b)). SRR EE R
Hpl, Yu SRR A SRR kL, 4t 6 a
ML REFT A MG, A B I T
FAREFBERA P . Wegner Fl Liesack**iff 5% &1,
SR TR 16 R R 2 27 4 R 0 R B B AE
FH. Navarro-Noya 252258 260, 25 A0 T 1] A6 A%
FFAA AL PR B 25 T, BeAh, 2R R ] AR A
AR R XF C Al N A9 B AN [H
TR Rz IE RN M . TERE B A X B AE R A
MT AP g 25 B AR FY SRR R ] —Fh 3T
BEFRMANE, 25 5RENER, A PR

Srfh R AN, (HARKERIERT, R Al MT
Ab P bR A ARG R SRR, T RE S AL B
ORI 2 ARV R R, NS AR KB
B 17 AR BRI T PR A K

HEAKF L, 5 CK AbEAHL, R &3
Actinomycetospora , Anaeromyxobacter , Arthrobacter .
Dactylosporangium ., Phaeospirillum |
Rubellimicrobium F Virgisporangium =5 8 ™)@ FiX}
FEREFE (K 5), Hd Arthrobacter .
Dactylosporangium F| Rubellimicrobium 1EF5FF 3%
hHA TR, BESMARER. EhHER,
i Agromyces . Microbacterium
Nitratireductor % VU JEAAXT F= BEAE R g 5 A%
A Agromyces \Nocardia I Microbacterium ¥]J& T
TR TE T, A A BB e A AN 8 D i HA
BRI, X 5 R AbH 4 A S B o RS
— (% 1) . MT 4P Agrobacterium , Arthrospira
Azoarcus , Cellulosimicrobium , Devosia , Luteimonas ,
Niastella, Nocardioides F1 Rubellimicrobium % 9 />
JE AT FE R B E TR (K S). Hr Agrobacterium
Cellulosimicrobium , Devosia , Niastella . Nocardioides
H1 Rubellimicrobium %5 6 MR EA A4 R |
ARE . BRI RER S FAIYBRE TP,
RMT AbFE 5 CK Ab 320 i) J AH XS B AR LA I
Horp i i 2 W FE BRI BE 1Y Arthrobacter F1 Niastella
X EE R E IS, W R A W BT
Microbacterium F Ochrobactrum® A} 355 1§ B[k
fiX, X 5 RMT &b B A AL 5T 135 T i A RO A
e R—B (£ 1),

DL BRI, B R FE A AL #E 1 1 4%
T RG AT R 20 T 1 AR K, (H 0 A AL Y A
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