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o OE: TSR RS IR R, XIS i S N BN U BR2H 43, (HRS [EA LR 2 RN B R AL
T AR . EB/INE-FREVESRM T, ZRRAFERH (R) FIARARTEH (MT) LA 2 4% E RGN + 9k
Mlfk (PCM). WESAYEm (MBC), fliEHAENLK (DOC), Z% AR (ROC), FAAHHK (POC) MM,
FEF S AR LRSS B OC R . G5 RR . 5 AHAMEMA LR CK AL, R ALFE R RS FFRIAAS Y i 10645 it FH
(RMT) B9 DOC & 453 i 1N 30.33%A1 31.46%; MT Hl RMT AbFRfY POC & 53] 8 #H40 104.86%F1 64.78%; 1M
PCM. MBC. ROC 7EAb#Z (B TC R & L, mhd i)y R, 4 AMhHE 2 B4 RA 4 TC B2k, mEME D
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Abstract: Objective  Soil labile organic carbon (LOC) is a soil component that is quite quick in turnover and quite sensitive to
soil management practices. However, it is not clear how application of organic materials or manures LOC and their microbial
mechanisms. Method In this study, a field experiment was designed to have wheat and maize planted in rotation and conducted
to explore effects of returning wheat straw (R) and applying woody peat (MT) for two years in a row on potential carbon
mineralization (PCM), microbial biomass carbon (MBC), dissolved organic carbon (DOC), readily oxidizable carbon (ROC) and
particulate organic carbon (POC) in fluvo-aquic soil at the harvesting stage of the second maize crop. Result Compared with
CK without any organic manure, Treatment R (returning of wheat straw) and Treatment RMT (returning of wheat straw plus
application of wood peat) was 30.33% and 31.46% higher in DOC and 104.86% and 64.78% higher in POC, respectively.
However, the treatments did not have much effect on PCM, MBC and ROC. High-throughput sequencing analysis shows that the
treatments did not have much impact on soil bacterial community composition, but did have on fungi, which was mainly
attributed to changes in POC, DOC and NHZ—N . Correlation analysis shows that DOC and POC were significantly and
positively related to invertase activity. Both DOC and invertase increased significantly in Treatment R and were significantly and
positively related to the abundance of Ttrichoderma peltatum and Trichoderma aerugineum. At the same time, DOC was
significantly and positively related to the abundance of Pyrenochaeta unidentified, capable of promoting formation of root
secretions, and Pyrenochaeta unidentified increased significantly in Treatment RMT. Both POC and invertase were significantly
and negatively related to Cladorrhinum flexuosum and Basidiobolus ranarum, both of which decreased significantly in Treatment
MT, while only Cladorrhinum flexuosum did in Treatment RMT. POC and invertase were also significantly and positively related
to Chaetothyriales unidentified, and increased significantly in Treatment RMT. Conclusion All the findings demonstrate that
both returning of wheat straw and application of woody peat alter the content of labile organic carbon, regardless of type, which
may be attributed to the effects of the two practices affecting, separately, composition of the fungal community, thus altering
abundance of the functional microbes and activity of relevant enzymes.

Key words: Straw; Woody peat; Labile organic carbon; Enzyme activity; Composition of bacterial and fungal communities
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BV SRR TR I R AR R A R —,
Pt DR B9 ST LB 5 R BRI A R
A T2~ SEAINAMEA ILY R AT L
FRT LA LS R, b, BRI H R %
DB o SR TAS AT ids 42 T = S LA A
JE RV BAR I ARA Y B AAAE W SR AR TEAR IR
PRAA IR B ST R R — M A HLRL, B i A
g N AN ) W RN i 7S£ /e e
A HLRR & 1 BAT IR R U, i AR Bk
JRZES, FEATMIARAS Je 5t AT 58 355 M A ALK (14
S AT REANIR] , (HL i AR A BT BT TR T R G LR,
FE 55 0 A= A e AL B Rl O M A O G R AN
Ko ARBETT LA B HE T A O SRS, L
BUNZE-FRBEARZAET , REFFI T RIARA Y i 25 B
L 2 AF X RN P B R,
ZHMEAE: (1) PR EA PR X 5
PEA BB & 5k | S P R T g e ) 200 TR
FUR RIS ARG 5 (2) ITAG TG A DA & B iU
SRE YRR AR Z A e AR

1 BRIk

1.1 ARXER

R A TR A Bk HA S RS EH R
HNBEF LA 5T 36 ( 114°24'E, 35°00'N ), % X &
TR CRREERAE, FHARRE 13.9°C, 4F
¥Rk 615 mm, JCREMIZY 220 do - HEREFUR IR
T R OURRY RO R A A
JE LA/ B R KRR . iR AR RIS A
PER AR . pHS.15. A HLERK 7.77 gkg'. & A
1.10 gkg ' AR 7.50 mgkg ™ B 79.00 mgkg
1.2 RIgit

H [E1A5EF 2016 4F 10 A 13 H A& /N E M I
. AFREAE (1) FEFFRERR (CK). (2) FifFia
(R). (3) FEFFRBRIFIEHAATE R (MT). (4) F
FF 8 I it FH AR AR YR B¢ ( RMT ) B FERITA A 8 5% 1)
BRI 1. B0 3 AEENX, &
A/NX N 75 m* (K 15 mx5m ),

x1 MHFELZTERR

Table 1 Nutrient contents of the organic materials tested

e o ExX S
Ykl
Total C Total N Total P Total K
Material
/ (gkeg!) / (gkg™t) / (gkg!) / (g'kg™t)
Fi#F Straw 448.00 9.52 1.09 19.29
AAR % Woody peat 619.70 7.84 0.73 5.87

H: PR S BB LT Y it . Note: Nutrient contents of the materials is calculated as dry matter.

TE/NAZE 2 RAR YR B RIS FT e IR 25 ik iy X
W, FEFFIE RS 7 500 kg-hm 2, ARASJE 5N T
N 5422 kg-hm 2 (AT R R ), Frd Ak
B 4k B i B ¥ A i N 210 kgthm® | P,0;
105 kg'hm 2, K,0 105 kg-hm 2, ZAUHIRZ, BEAC
FHBER — 4%, MIEHRRE, Hrh 60%m &4
T HEEPAEAE A LR A, 40%A0 ZUIE LR RIE K8
NE o A WL R AL Y5 5 e - 39 3R AR 5 T #t 8
HE5HEHEA . EFKE, WAL/ NERFY
KA SRR, SRR . RN
AR S/NEZHIE, i 40%H9 ZAE R 435 B An
VERFEMIA, 60%H AN LR R WL 8. /)
2 s PR IEDT 58, K AP I 605,2017 22018
R/ NE 5 EKRE T S BRI

FHARAYe el | b st B A )
1.3 HmRESNUE

2018 4F R ARWOGR G, RHBEHLZ SR A B
KAEBZE (0~20 ecm ) HHERES . LA TS
(<2mm) =5, —8B AT, T HAPE R
HIIN S, —FB o A T USRI A it ik
AR . FIUREAT AILAR L R RS I, 58
ST T-80CYKA 2l AE, T DNA MHEHL,

3 pH, A HLEK (SOC), AR ( NH,-N ),
A ( NO3-N ), ARBE (AP) LIS ( AK)
SR LAY R e ki et R
A=) Bk ( MBC ) SR JRUE A 22 25 -K, SO, = S 5 5E
DL 2B 2K IR B 7 - M 0 A WL B 2 22 B DL 4 R B
0.45 132811 B Atk ALK (ROC) &R &4
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R4 ALkt A T e, WUk LBk (POC) & i
K H Cambardella FI Elliott! 754 5 v 5 o 3R] 3%
PEA ALK (DOC) & &K M Jones Hl Willett #9752
Mt mw AP (PCM) S8R CO, Bk
S, B 60d, AITE 1. 2. 3.4, 5, 7.
9. 12, 15, 18, 21, 24, 27, 30, 48 fl 60 d ZJ5
W5 NaOH BB, I H HC AR HERS kA 7
W ; PCM Zrit T 60 d B H 45 iR, 8
NRHK: M=1/2x (Vy—V) xCyerx12xmx1000

PCM:M1+M2+M3+. . .+M60

b, M NAPERT LR, mgkeg'; Vo N E
I AERRHEER MR AR TR, mL; v R i 2 I R
WRAEER R AT, mL; C NARUEER IR WK E
mol-L™"; 12 MBI EE /R B s m AR TR M,
M. Mg 73 IR 1. 2...60 KASHHLERT L& .

K e g 38 5% 4L I ( Invertase ), B-D-
W EMEFE G ( B-D-glucosidase, BDG ), 14 i ik fiff
( Alkaline phosphatase, PHO ) Fil N-Z. [ -B-2 3
ZjBEF T ( N-acetyl-p — Glucosaminidase, NAG )
i 25 e
1.4 DNAREEFEENF

K H] Fast®DNA Spin &5 & ( MP Biomedicals,
Santa Ana, CA, 32[E ) M 0.5g Bt + 5 rh i
AHEAK) B DNA, F# ] Nanodrop™2000 435t
J£31 ( Nanodrop Technologies, Wilmington, DE,
USA ) Il DNA Jiift ( A260/A280 iR 1.85~
1.92 VA JE( 112.89~157.7Ing ul " ), VEHLAHTH 16S
rRNA V4~V5 X 47 8 50 7l . PCR §7 3R
455149 515F ( 5-GTGCCAGCMGCCGCG
G-3') /907R ( 5'-CCGTCAATTCMTTTRAGTTT-3' ),
PCR " & F424% 95 °C 3 min,(95°C 305,55 C
30s, 72 C 40s), 27 MEH, ZJ5 72 °C 10 min.
E B PCR P 845 ¥%} # ITS1F ( 5-CTTGGTCATTT
AGAGGAAGTAA-3') /ITS2R ( 5'-GCTGCGTTCTTC
ATCGATGC-3'), PCR # #4444} 95°C 3 min,
(95°C 30s, 53%C 30s, 72°C 40s), 37 PMEF,
ZJG 72°C 10min., K™Yk A QIA quick PCR
Purification kit ( Qiagen ) #4724tk K AIFIFE G AY
PCR ¥ ¥ W %5 /R G, R Hlumina A H
MiSeq W FAXL5E P H 93 (46 Bl E AV E
AR A PR A FIE ).

1.5 HHEAbiE

K Excel2016 F1 Origin2019 i #4754 4b
BURNZ: - (i SPSS22.0 #A4FHEAT AN Iy 24y
Mr, MM BT R A Spearman BB K ; F-IIEHZ
HHCECR A LSD 5254 T MR (P<0.05),

AT TR RS /E QUIME (1.91) #ffp
KRV A BRHAT 8 (1) R H FLASH {417
FFARG A FF; (2) i Cutadapt AFVIBES 1975
(13) ZHTRAIEC TR T 51 4330l 22 B 45 T 300 bp F1 150 bp
AR T P 91 Rl G AR 91, el s i dfils, 4i
PRI 20 A5 5] 132 194 F1 182 794 4 ¥
1), He v 20 TR TR RS A SR BT B 9
832~12 584 il 10 140~20 957, i), &4 I
FLAFE G4 BIBEHLIERL 9 832 Fl 10 140 74T
JE S5 HT, A TR R L TR Y 7 55 R A3 R 98.76% ~
99.23%#1 99.61%~99.87%; (4 ) &5 75K H
Uparse 34, UL 97%MMRUE AT OTU X4, RH
Blast /5 ¥ LA Greengeens13.8 %1 #f& %2 /1 UNITE
(ver.8.0 ) HICHl 2 43 5l XoF 240 TR R EC AT TR RS . R
R 1 DESeq2 #ATHMAEMIHETR YA 4= 22 F o0 I
Origin2019 i 22 5 K 1L &l .

it FH B3 X5 197 43 M CCA DRITTAY 43 M i RDA )
T AN TR TR 25Tk 5 4 PR R L TR A % 2 ] 1Y
KFR, it DCA EBHEIIHE R Axis Lengths
B EE—Hh A RN, KT 4.0 248 CCA 47, /T 3.0
N BEFE RDA 4381, FH Vegan L “ordistep” PRIAUAR
PEff D F gt BBk (PE) %8
BAFR SRR, IR 999 IR FE R E ks
% ( Monte Carlo permutation test, 999permutatio-ns )
AT RS, T “envfit () ~PREKL 3G B3R
BHRFREEME, A RIESF N vegan W17
Hep iz 5, SR B A R R A 5 i HE P A6 dn, SR
Origin2019 ¥ #4171 RDA £ 4],

2 4 R

2.1 ARENRRMTLE pH IFESSETH
%2 FR, ARILEHENT 13 pH FIINO; -N 4
WERW, HAHENH,-N | AP, AK &5 0] & &4k
( P<0.05). R il RMT ZbBHE) NH,-N & 85354 CK
ik 77.38%7H1 73.47%, AK &0 0% CK K 27.21%
1 23.66%, {H MT AbHRE) AP 2 04 CK 7 59.18%.
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Table 2 Effects of straw and woody peat application on soil pH and nutrient content (n=3)

ab NO;-N NH,-N AP AK
Treatment P / (mgke")  (mgke™) / (mgkg™) / (mgkg™)
CK 8.34+0.10a 12.14+3.39a 8.18+1.43a 7.79+£1.30b 142.3£20.2a
R 8.43+0.06a 12.47+1.89a 1.85+0.92b 5.31+0.93b 103.6£11.4b
MT 8.37+0.10a 11.36+2.10a 6.94+0.44a 12.4£2.14a 120.4+3.6ab
RMT 8.40+0.10a 14.75+£2.55a 2.17+0.5b 7.87£2.15b 108.6+18.0b

W RPN EbRAEE, RS R BRI R AR AP 22 5 535 (LSD Ki35, P<0.05). T IR, Note: data in the table are

of means+standard deviation ( n=3) .Different letters indicate significant difference between treatments ( LSD method, P<0.05) .The same

below.

22 ARENHRERMT LEFEEENHRETL

AEAEFEN} SOC, PCM ., MBC Hll ROC 1470
BE, (HEEFN DOC, POC i (£3), 5
CK AL, R I RMT AR 3 DOC & 543 141 30.33%
1 31.46%, 1fii MT 4bHEfY DOC F05 CK Z1Ll;
POC & & W E AL B 2% A E MT Ml RMT 4k
B, Zr5% CK AN 104.9%F1 64.78% ( P<0.05 ).
23 AEENHRIRMT T EREEETH

F 4 FoR, VUFMALFE]AY B-D- 40 1 AR
B-1, 4-n-LBEEFEAAWERG Y C R E 2R, HB ¥
SN AL R AR E B R TS . 5 CK ML, R A1
RMT 4b B 1 %% 16 Bl 36 2 2 50 35 - 364.69% FI
485.31% , {H LA PR s R i 0% 11 U 55 CKC 2481, e A,
MT A2b 34 ) B 14 Tl 1 TG P ¢ CK AT 28.15%
24 BUYIRX TEARMEREEEAERTMD
2.4.1  HIEANEAEE ] TKCEA B E S 4
16S rRNA &l &7 3 9 & ok WA i B s 3 &8 T
16 177, 57149, 109 4~H, 168 A~ 215 1N E
(B 1A ), ASTR]Ab 2 ) 40 P AR B T T35 AR T TR ]
( Proteobacteria ). M2FT R ] ( Acidobacteria ). ik

W] ( Actinobacteria ). Z¢Z 1] ( Chloroflexi )
JEEETR ] ( Firmicutes ), HAHXT =5 43710 28.00%
23.90%. 19.70%F1 8.10%A11 5.10%. L iRIEHE]
FXF 2 B AEAS R AL BRI L% A 22 5, X
RMT AbFRAERS TR T4 CK MBI INT 25.82%
( P<0.05 ),

FLIA ITS il 5 7 90 2k Wy Flide B s )3 s
T 12407, 28404, 49 4~H . 90 A~EBLAT 130 &
(B 1B ). AS[R A B B P L3P 1130 T4 T8 1)
( Ascomycota ), HMETER ] ( Mortierellomycota ), 1
T 1] ( Basidiomycota ), HAHXF = FE 5 510 75.4% .
7.0%. 4.9%. 5 CK 4b¥AHEL, R A1 MT AbHLA T
ETA TR = BE 2 53 &7 10.17%H1 9.34% ., RMT 4k
PR HEE R T TARX AL CK AR PR & 83.90%.
2.4.2 T OTU 7K V-1 A 35 200 A RN L A B ] 2
SR LI CK ARF XTI, JETF OTU K
XF R, MT HIl RMT 4247 22 S Fpor b (& 2),
G BN, R A MT AR BEE LS CK 2
WA 2 A, T RMT Ab BEAY 8 T
Aquicella unidentified £ (& 2A ).

R3 BRMARRERERNLIREHNBRREEFEEAMRRS M

Table 3 Effects of straw and woody peat application on soil organic carbon and its active components (n=3)

QbR SOC PCM MBC DOC ROC POC
Treatment / (gkg!) / (mg'kg™) / (mg'kg™) / (mgkg™) / (gkg!) / (gkg")
CK 7.15+£2.10a 181.2+19.5a 245.1+£10.0a 40.56+3.62b 1.03+0.55a 2.47+0.68b
R 7.36+1.08a 212.8+20.3a 228.5+18.8a 52.86+5.28a 1.12+0.59a 3.80+0.27ab
MT 7.58+2.04a 165.7+46.2a 202.7+£39.7a 41.94+4.38b 1.48+1.94a 5.06+1.38a
RMT 9.13+1.40a 182.5+69.0a 235.7¢11.3a 53.32+4.64a 1.81+£0.65a 4.074£2.00a

http://pedologica.issas.ac.cn



782 + o IR 58 4
R4 FEFRARARE R bt A L IREEIE 00
Table 4 Effects of straw and woody peat application on soil enzyme activities (n=3)
a5 B-D-Hij g 4 1 He AL B W 1 LTt B - S AWl
BDG Invertase PHO NAG
Treatment
/ (mgkgh™") / (mg-kgh™) / (mgkgh™) / (mg-kg"h!)
CK 143.2+£5.67a 5.72+0.47b 332.4+38.43a 17.26+2.35a
R 144.0+5.56a 26.58+2.95a 373.5+29.00a 16.59+1.96a
MT 151.0+£30.47a 6.55+0.37b 238.8+23.84b 17.36+5.54a
RMT 153.243.20a 33.48£11.07a 391.1+45.12a 17.07+1.03a
A 100 B 100 —
O\O =]
.§ 80+ Class % 80+ Class
b5 ] Others
§ [ Nitrospirac - E gi‘.h:xs ,
M = [ Gemmatimonadetes  “£2 “5‘ cloeliomyeon
{-H- LE 60 [ [] Bacteroidetes "H' 8 60r = Glome[t.nnycom
"r;‘ 8 [ Planctomycetes ?7‘? % [ Chtridiomycota
= _§ []Firmicutcs "Eg E [ Zoopagomycota
iE g 400 [ Chloroftexi :EE é 401 [} Enlénﬁophlhomm) cola
‘%\ Fg [l Actinobacteria m\ o [ Basidiomycota
<1>) [ Proteobacteria E [ Mortierellomycota
b= 201 I Acidobacteria T:‘; 20L Il Ascomycota
E ~
0 0
CK R MT RMT CK R MT RMT
AbF Treatment KbFH Treatment
K1 s (A) IREE (B) FEMTKP F AL R AR R F B
Fig. 1 Composition and relative abundances of the major soil bacteria ( A ) and the major fungi ( B) on the phylum level

Kl 2 Fon, EHREREET, 5 CK AL, R4
HILA 6 4> OTU RFEHAN, 74 OTU W FEAR (1A
2B), HPEEEREW N Trichoderma peltatum
Trichoderma aerugineum; MT Ab¥E X —4> OTU
BERM, 3 4 OTU BEMAL (K& 2C), A4
Basidiobolus ranarum M Cladorrhinum flexuosum; RMT
AbEEHIEAT 10 4~ OTU WERIN, 16 4~ OTU &35k
it (K 2D), HA¥EIN) Chaetothyriales unidentified
F Pyrenochaeta unidentified "FA 5 0 .3 .

2.5 FTIEEUMRESAEMEEFEERZEXER

&l 3 JoR 1 AN [] b 3 A P Jo o) 24 T 0 L 7R
AR . o, ARHERF CCA (K 3A) Fil
RDA ( & 3B) 45 2R3l J 7 1 40 i 71 2L 3 1 b o A
5 R Z [ YOG R

Kl 3A #R, 4B CCA ', BREIFE 2 4~k e
AR CCA P S50l BE 08 A B 4 7 22 19
20.79%, o —HIA AR 11.19%. NH,-N Al
POC J2 6. 35 5 Wi - 3 200 11 A 75 2 A ) B o 44 B 35 ]

F (P<0.01 ), Anosim 537 i 7~ A [R] &b 34 ] %) 4 727
BEE LI B & 25 (P>0.05, R=0.1883 ),

Kl 3B #x, EREM RDA /M0, FRIITZE 6 4>
T 2 AR A AT TS Ll GRS R RE 33.3 1% 7 2%,
Hri POC, DOC. NH,-N J& EL i ) Ff 43 A ) 32 20K
HHZE (P<0.05), R Al RMT AbFH i) B3 VR 41 A%
5 CK R MT Ab 3 i BB R 7% 21 50T RDAL $li 5391
DOC ., SOC #1 NH,-N % ¥t & 3K 8 B 5 v 4 v 1%
Ay TF ) FEABER F . i CK AT MT Ab#00) F—
AUF RDA2 Hf143JF, PCM Fl POC 5 ) 2 9K 5 EL
R TE 4 T RDA2 3l JF Y R EEHREE 7. R
Ab B L P AR VR 4K R 3 AN TR] ( P<0.01, R=0.6944 ),
26 EHEEVBRSESHEERESR OTU 2

B X%

BRI HLR & B SRS K22 OTU ZJH]
AT Spearman AHCHESMHT( 3R 5), 53R, DOC,
POC ¥ 55 A B 1 35 TE A OC . ULk, DOC Fil Ak il
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ANEHRMT vs.CK A) HE RvsCK B)
6k
6
3t o
3 o
ok
)
2 0L —3r ° o
= °
g sl T .
& Enriched:2 -9} Enriched:6
% » Deplleted:OI . . . . . Depleted:7 .. . .
i\:‘E -4 2 0 2 4 6 8 10 12 0 2 4 6 8 10 12
1 R T
1;15 FUA MTvs.CK o ° B RMTvs.CK, D)
[ ]
(gﬂ 6 B o ° )
=
[ ]
3+ 3r °
[ ]
0r ot
-3 o -3r ° ‘ °
° o
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Table 5 Relationships of soil enzyme activity, soil labile organic carbon with different microbial species

Ak B Trichoderma Trichoderma  Chaetothyriales  Pyrenochaeta Cladorrhinum  Basidiobolus
Invertase peltatum aerugineum unidentified unidentified flexuosum ranarum
DOC 0.748%** 0.664* 0.685* NS 0.832%* NS NS
POC 0.608* NS NS 0.720** NS —0.762%* —0.688*
AL B Invertase 1 0.608%* 0.608* 0.776%* 0.817** —0.734%* —-0.705*

e NS FIRME LR A BE(P>0.05), * 43 i Fom B 34 56 P<0.05 )FIHL .35 4154 P<0.01 ).Note: NS indicates no significant

correlation, * and ** indicate significant correlation at 0.05 and 0.01 levels, respectively.

Y5 Trichoderma_peltatum , Trichoderma_aerugineum
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