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Table 1 Treatment and dosage of straw composting agent
RN . , A ) B b
b5 REFE A WA i e (.
Treatment Straw compositing agent Component Formulation . . &
Microbial content Usage
AL AR /R B2 AT ¥l
T1 1% No.1 Trichiderma asperellum/ oK 50 4
. L. Powder
Bacillus subtilis
W A A R 1 e
T 2 No2 /.T\Fﬁiﬁ/ﬂ‘ui%ﬂﬁﬁlﬂ N bignll 0 N
Aspergillus niger/Bacillus subtilis Powder
PR FE /AL A hawill
T3 32 No.3 » *&ﬁ *u?ﬂ‘ﬂ@ﬂ:lﬂ N bl 50 1
Rhizopus nigricans/ Bacillus subtilis Powder
/MR B .
) *ﬁfﬂﬁm/*ﬁwﬂ B KR A
T4 4 5 No.4 Trichiderma asperellum/ . 20 10
. o Water suspension
Bacillus subtilis
X IR RS R I8
. BRI R B ) ) ) )
Negative control,straw not returned
(ORI S BN
Tp FH AT BR 6 FFAd 1 / / , )

Positive control,straw returned

14 BHEE RNAEBRSHEENF REEDHF
FH Soil DNA Kit(Omega) i 7 & # 17 1 18
DNA $2 I, 28 o B F1 5T i 0 2 . & 48 1 DNA T
JR S E, M 16S rRNA V3/V4 #5545
¥ (338F: ACTCCTACGGGAGGCAGCA, 806R:
GGACTACHVGGGTWTCTAAT) #l & # 18S
rRNA ITS1 %¢ 5 ¥ 51 ¥ (ITS5F: GGAAGTA-
AAAGTCGTAACAAGG, ITSIR: GCTGCGT-
TCTTCATCGATGO) # 17 PCR #" . PCR /=¥
K H Tlumina 23 7] MiSeq 4 2547 = 1 50 55, )
J7 FEE 43 A TAE Y i 0 IR 2% v A2 2 R 52 %
B5CHE Ak 3R A3 AT AR R R AN R D s B
28k 25 R A S 7 4 ARG JB At 1 6 R A LS L AR A
J 5 4 43 0] 5 TR EOE 2 CUNTTES) R 48 14 4K
Y5 % (Greengenes fRAS 13,50 B (1) )5 51 L X, F 45
ZE W HF OTU (operational taxonomic unit, AJ
YE4y 2588 50) 4143, 3 A QIIME A 1.8 41
XA A 43 257K 9 AR 0 =6 B AT SE 1 4 A, 2 (R

B e P <0.05 A2 /D 2 4510 3 B AL, A N 2
WEEWR S, MUY Alpha ZFE1E Chaol 45 50y
HEZ%3CE12], R QIIME 34 it 5k
Y) Beta ZREVE, 15 5 A unweighted B 7 3318
UniFrac fEEH M, 285K H UPGMA J5 X7 FE 2
S SR 2R 40 A, OR8] R AR AT AT AL

2 BRESH

TEMEYESEENFER

% lllumina MiSeq & Xt 6 4~ 4b $E 1) 1 3 5%
A IEATIT AR 2, 6 4 MiSeq H I I
¥ 43 3R 45 56 258,62 106,80 102,45 963,28 689,
30 609 Z5 741, P 4 U 303 727, B4 Sk R
T8 R . 4 515 #) 55 280, 61 005,79 004,
45 356,28 152,30 164 Bt /¥4, & i &= )7
GIECK 298 961, FTA 6 A E B E & R8N L
¥kt 98%.,

6 4~ MiSeq 4 & I J77 43 il 48 45 20 821,25 318,
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WIHEE S o R RTJ SR0 X A 22 B8 AR X SRR 25 ) B 47

27 306.28 279.27 283.28 439 Z&JFH . T Y N
157 446, 2 Bk FAK R & 7 91 )5, o 3 45 3
15 542,17 735,19 840,18 663,14 991.20 721 455

T, A EFNECHR 107 492, 6 A4 R 5 i
FH) 5 HAE 54.95% ~74.65% .
T A5 v R A A A B A A LR L B
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Table 2 Sequencing results of microorganisms in different treatments

H Fungi /T Bacteria
4k 1 JE R 7 5 B 1o 0T A B JE A6 T 51 e TR S T 4 AR
N B W/ % e m e HA1/ %
Treatment Raw sequencing High-quality Raw sequencing High-quality
Percentage Percentage
reads reads reads reads
T1 56 258 55 280 98.26 20 821 15 542 74.65
T2 62 106 61 005 98.23 25 318 17 735 70.05
T3 80 102 79 004 98.63 27 306 19 840 72.66
T4 45 963 45 356 98.68 28 279 18 663 66.00
Tp 30 609 30 164 98.55 28 439 20 721 72.86
Tn 28 689 28 152 98.13 27 283 14 991 54.95
B Total 303 727 298 961 98.43 157 446 107 492 68.27
80 000 79947
200 000, 190 740 70 000F
175 000 2 60000}
I g 50000}
z 150 000 B & 40000}
g 125000 I 30 000}
A & 100 000 b 20 000F
@ 75 000 70295 10000F 2 o 2 14 10 82
R - {\ 1 L 1 1 1 1
50 000 37254 2 2 2 2 2 2 2 2
000 o7 13§ 83833
0 S w3 n S w S ©
100~149 150~199 200~249 250~299 ~ ~ ~N ~N g RCEE aa
F54 B /bp Length of sequences %4 E/op Length of sequences

AEFEFIKE > B: 41 ¥ %) K B 20 1ii A Length distribution of fungal sequences; B: Length distribution of bacterial se-

E 1
Fig.1
BP0 K B4 A R 1A, Hoh, 12.5%.63.8% .
23.5 % B FH K BE R 150~199,200~249 250 ~299
bp, i 99.9 %6 4 & ¥ 51 FE R 400~499 bp,
22 AERFEARFN LEMEDMHBEIIKTE
A
AR FL R 4325, 6 DS FAL B L3 iy OTU
)8 6 1T, A o T2 B (Ascomycota) . fH F B
(Basidiomycota) . 4% [/ [ '] (Chytridiomycota) , Bk 4%
H 7 (Glomeromycota) . Rozellomycota. & & ]
(Zygomycota) , Br 4% B [ 1 #1 Rozellomycota K 1E T4
Ab 3 A HE A A1, 3X 6 AN TT IR A AL B A
FE 6 AN Ak B v B DL TR Y T B e, L AE T1—
T4 gk P iy A X 3= B2, 40 51 O 90,220, 83. 7% .
82.7% .95.8 % , A X BH M XF HR (89.8 %6 , AR Ak 43 3l
K 0.4 —6.8% 7.8 .6.34 %%, T AH X T BH 4 XF
M (92.85%), AL F 43 5l iy —2.9% . — 9.8%.
—10.9%.2.8% . -1 B MY A X 3 B, A%t B A
X (4. 7% BB T R, IR — 28. 9% ~
—100% .1 T1 A1 T2 4 BH M X B8 (0.1 %) W] BH & 34

FIRKESHE

Length distribution of sequence

i, e BE A A 2 746.3 %1 198.8 %, T3 1 T4 #BH
PEXT BRI D, ARl 2 43 ) S — 13.78 %6 A1 —100.0 %0,
i R 1D RT K E T T R0 A R S B 5 I M kBRI
S, B0 A 3 135.5% ~12 395.6% ,1H T1,
T3 T4 Ab 3 e & ] AH X = B2 45 BH PR B (6.4 %00 T
K& 50 %6 A2 AT, T 3K 22 A1 AH X 3= 3 ¢ BH 1k ke JR 359 K i
BN (157.9% ~1 938.7%) . AW 1A B & B
PEXT R (3.92 %) A4k R Ry — 95.7 %6 ~ —100.0 % » T 4%
BHAPE X B8 (0.01 %), T1, T2 F1 T3 43 H 8 m735.5% .
1503.4%.,90.3% .1 T4 W FF&(—100.0%)

RGP LR, 6 DA P4 16S rRNA I JF
g OUT 3@ 49 AT, Horh 34 AT (69.4 000 18 fi
6 AN Ak B b B g R I F L AH X S A TR 10 Y
1143 50 K. 25 & & ] (Proteobacteria) . 4% 25 & )
(Chloroflexi) .B& #T B ] ( Acidobacteria) . il £R B ]
(Actinobacteria) , 2f i L #F 77 '] (Gemmatimonade-
tes) il fb B2 i€ 1 1] (Nitrospirae) . PE U E [T (Ver-
rucomicrobia) \ %% % B | ] (Planctomycetes) | {8l FT &
[T (Bacteroidetes) .OD1, H B AH X EFAE 6 > 4b 3
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A 94.0%.94.8%,94.5% . 94.5% . 94.4% .
94.6 %, LABTETR ] LR TR ] BRFF 14 1 AH T 3= B
B AE 6 AL HE R A 70.2% .74.6%.73.3% .
72.3%.69.6%.75.0% . fEFTAA LI, AR IR B 4R
Xof = BE At BB X HE A i G L W B Ry 7,206 ~
20.4 Y0 » 17 48 BHPE X BRAT BT 2D, W B Sy — 11,3 %6 ~
—0.4% . SRLTET R PE R A
FE 4 A A PR 88 A B M IR A s (— 3394 ~
—3.8%0) 1M [ BH 4 X B8 B A L SR SRR T RN 2R TR T

YA BTN (1.9 % ~24.7 %) B P B8 1 4 BH A X
PRI > (—23.1% ~—3.9%) ., W@ ] AT H
I1.0D1 AT B T1 Ab 38 vpr, 45 [0 X BE AT i 34
Jnc0.8%~19.3%) ,{H7E T2, T3, T4 4B, 45 i
I (—50.4 % ~—10.2%) , 17 [5) BH 1 % BE EL 3¢, 77
TR ODL AR X 3 BE 7R 4 A b 38 rp X 5
(1.6 %6 ~125.4%) AR 1 THE T1 Al T4 4b 3 b A
X BH A o HE A I 48 0 (62.5 % Al 2.7 %) L i AE T2 Al
T3 Ab A AT BTk 2> (—9.8 % F1—2.9%) .
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ACTET KA ] AL BB A ALR s B 78 117K S [7] b AR X == B2 JE i 10 A2 4M B A9 4L/ . A : Composition of fungi at phylum level;

B:Composition of top 10 of bacteria at phylum level.
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Fig.2 Composition of microorganisms at the phylum level in the different treatments

23 AELEILEMEY Chaol FH Y

AN E Y Chaol #8%0 W3 3, T1~T4
b A 3 LB Chaol 4855, 40 HE B PE XTI (220.0)
Y R0 B, Hod RLoT2 Ab BB MR R K. M
191.9% , 1 T4 Ab3HG 0 £ /N, Ry 124.9 %6 5 111 AH L FH
Xt FR (244.0) . 45 40 B Chaol 48 038 I & B 7E
T4.5% ~125.8% 5 1M FHA%E X6k B8 AR XF BH 1 %o BE /) i 438
hn(10.9%)

SRR AT AR A B A0 B Chaol 5 045 50
1949.1 936.2 147 F1 2 067, #H Lb B 1 %+ B (1 865) ,
3N 4.5% .3.8% .15.1 % F1 10.8 %, L T3 4b3g
B B K, M T2 AL R HG R A I A B BH M X R
(2 016),T1 1l T2 4b¥E Chaol 48 %A i 2>, 43 5
Wb 3.3% F1 4.0%, T T3 A1 T4 Ab /N iiE 1 n
(6.49 % F1 2.5 %) s 1M BHAEXT B8 Chaol $§ %0AH Xt BA
X HE/INIR 3 (8.1 %6)
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Table 3 Chaol index of the soil microorganisms in different treatments
HE T Fungi 41 Bacteria
e AR T B AEX T A AEXS T B AR T BH P
Treatment Chaol 5%k Xof B 3/ 9% Xof BE (1 384 1 / %6 Chaol 5% X BECA B4 i/ % Xof B 3/ 9%
Chaol index Increase related Increase related Chaol index Increase related Increase related
to negative control to positive control to negative control to positive control
T1 551.0 150.5 143.3 1949 4.5 —3.3
T2 642.1 191.9 176.6 1 936 3.8 —4.0
T3 494.8 124.9 117.4 2 147 15.1 6.5
T4 425.8 93.5 94.7 2 067 10.8 2.5
Tp 244.0 10.9 / 2016 8.1 /
Tn 220.0 / / 1 865 / /

24 AELENTEMEVEEERKFENZN

AN TR AL 3 A S A WA e KT T B R A W
MG AR LR 4 AR 5. AT B X R
(Tn), T1.T2.T3.,T4 kb H Y & 5§ 76 J8 K F 19+ 5
3 AT 36.36.43.24 @ B M LR L W A A 4.
4.5, 11 A Wk T U 5 AR T BE A X B CT ), 43
B 52.55.50.31 4N Ja wE M LR L 04 9.7.9,
15 M@ & 3 M T s R AR X T 2 A IR e B
29(67.4%).33(84.6%).38(79.2%).23(92.0 %) 4>
B B, M A 1 (14.3%) .1 (14.3%)
2(25.0%) .4 (22.0%) /> J& W & T . BH P XF
(Tp) AHXF T B P B 43 506 12 F 2 A8 W 2 1
RFNE R R X B RN B X B 4 AR AT S
BG4y 6 A9 AN JE WA B R W A 2 A

3@ G 3 MR [ B AR X T 2 AN X R 2 A
3(33.3%) F1 0C0Yo) AN 5 Pk R A R R . AH X
B X B8 (T, 5 AN FEFFIE H AL (T1~T4.Tp) ,
Sy A RO AR W AT,

T1.T2. T3, T4 &b #AHXF B X B (T 40 5
TEJE KB (4 T3 6) 0 91FH 3.6.6.5 M@
E R I (B SR oAl EIDEE o R e ol T B PO
BHAEST BR (Tp) 20 A 11.2.4.7 A Bk i,
A VA Ao 0 2 i = G M R R B AR T 2
ANKE B WA R I B 8 T2 B B B R, B X AR
(Tp) AN BAME T IR A 7 A e W35k FE L H A
J& W E T, 4 AFEFE 2GR (T1~ T4) s % # ik
FH &b ¥ (T1~ T4, Tp) , A Xt F B % B 249 %A 46
I3 = Gk B R R R R .

R4 FRVLEIEREVHFEERKTFEEETUNBE ST

Table 4

Statistic of number of microorganisms at the genus level whose abundance

were significantly changed in the different treatments

)& i % Number of genus up-graded

T8 JE % Number of genus down-graded

Ab B oS [ 1 %of iR P X B Tp L A FIPEXT IR Tn FEPEXS IR Tp LT
Treatments Classification Tn(Negative (Positive Commonly (Negative (Positive Commonly
control) control) up-graded control) control) down-graded
T E ¥ Fungi 36 52 29 (67.4%) 4 9 1 (14.3%)
AT Bacteria 3 11 0 (0%) 0 4 0 (0%)
T2 H.# Fungi 36 55 33 (84.6%) 4 7 1 (14.3%)
M Bacteria 6 2 0 (0% 0 6 0 (0%)
H# Fungi 43 50 38 (79.2%) 5 9 2 (25.0%)
T3 e .
4 Bacteria 6 4 0 (0%) 0 6 0 (0%)
T4 H# Fungi 24 31 23 (92.0%) 11 15 4 (18.1%)
YTH Bacteria 5 7 0 (0% 0 7 0 (0%)
o H Fungi 12 / / 6 / /
M Bacteria 7 / / 0 / /
T1T4 E ¥ Fungi 6 9 3(33.3%) 2 3 0 (0%
4l Bacteria 0 0 0 (0%) 0 0 0 (0%)
H Fungi 4 / / 0 / /
TIT4+Tp /M Bacteria 0 0 / 0 0 /

25 AELIETEREY Beta ZHMERESH
T UPGMA 25501 A [l 4 B+ S B )

Beta Z M1 2 8] 9 FHALLRE , 25 SR DL L 3. AN [] Ak 2

1 IEFLE Beta ZHEMESE R WoR (8 3A), T1. T2, T3

FEEPE XS B A — A~ 43 20 B, i T4 Fn B %o BE 7R
— R, AN AL FE A AN Beta 2 REPESS
SR (B 3B) . T2, T3, T4 HlBHMEXT B 7 — A~ 4l
B T AR PR XS B — A L,
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Effects of straw compositing agent on soil
microbial ecology in rice-wheat rotation field
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Abstract Microbiome sequencing technology was used to study the effects of applying 4 kinds of
straw compositing agents including T1(Trichiderma asperellum /Bacillus subtilis) s T2(Aspergillus ni-
ger/Bacillus subtilis) , T3(Rhizopus nigricans/Bacillus subtilis) and T4(Trichiderma asperellum /Ba-
cillus subtilis) on soil microbial ecology. The results showed that the population of fungi was more af-
fected by the treatments,in which the number of family and genus was obviously increased. The number
of family and genus in the T2 treatment was the biggest (133.3%) compared to positive control (Tp).
The number of family or genus in the T4 treatment increased with a small range from 15.6 %-45.8%.The
population of bacteria was not largely changed.Results of comparing Chaol index showed that the fungi
index dramatically increased with a range from 74.5% to 191.8% ,whereas bacteria index was changed at
a small scale (—4.0%-15.1%).Results of statistics analyses showed that 24 to 55 genera of fungi in dif-
ferent treatments were significantly up-graded (P <C0.05 and fold changes=2) ,of which more than 60%
were commonly significantly up-graded in contrast to both Tp and Tn,in which only 2-11 genera of bac-
teria were significantly up-graded.4-11 genera of fungi were significantly down-graded, of which 14.3%-
25.0% were commonly significantly up-graded in contrast to both Tp and Tn,in which 4-7 genera of bac-
teria were significantly down-graded related to Tp.but none was down-graded compared to Tn.The simi-
larities of microorganism Beta diversity in different treatments were analyzed by UPGMA cluster. The
results of soil fungal Beta diversity showed that T1,T2,T3 and positive control were in the same clus-
ter,while T4 and negative control in another cluster. The results of bacterial Beta diversity showed that
T2,T3,T4 and positive control were in the same cluster,while T1 and negative control were in the same
cluster.

Keywords rice-wheat rotation; straw incorporation; straw compositing agent; soil microbial ecolo-

gy; microbiome; microbial diversity
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