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Response of Bacterial and Fungal Communities to Chemical Fertilizer Reduction

Combined with Organic Fertilizer and Straw in Fluvo-aquic Soil

WU Xian, WANG Rui, HU He, XIU Wei-ming", LI Gang”, ZHAO Jian-ning, YANG Dian-lin, WANG Li-li,
WANG Xin-yi

(Key Laboratory of Original Agro-environment Pollution Prevention and Control of Ministry of Agriculture and Rural Affairs, Tianjin
Key Laboratory of Agro-environment and Agro-product Safety, Agro-environmental Protection Institute of Ministry of Agriculture and
Rural Affairs, Tianjin 300191, China)

Abstract: To investigate the effects of chemical fertilizer reduction combined with organic fertilizer and straw on bacterial and fungal
communities in fluvo-aquic soil under a wheat-maize rotation system in North China, a field-oriented fertilization experiment was
performed at a trial base in Ninghe District of Tianjin. The differences in composition, diversity, and structure of bacterial and fungal
communities were evaluated using five fertilization patterns ( chemical fertilizer, F; chemical fertilizer reduction, FR; chemical
fertilizer reduction combined with straw, FRS; chemical fertilizer reduction combined with organic fertilizer, FRO; chemical fertilizer
reduction combined with organic fertilizer and straw, FROS) using [llumina high-throughput sequencing technology. Further, the main
soil environmental factors driving the alteration of bacterial and fungal communities under different fertilization treatments were explored
in combination with soil chemical analysis. The results showed that adding organic fertilizer (FRO) significantly increased the SOM
content. In comparison with the FRS treatment, the TP content in the FROS treatment significantly increased by 13.33%. The AP
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content increased significantly after applying the FRO and FROS treatment, and it increased by 18.03% -33.45% and 22.69% -
38.72%, respectively, as compared to that with the other treatments. The NH, -N content of FRO and FROS treatments was
significantly higher than that of chemical fertilizer treatments (F and FR), which was 2. 14 and 2. 23 times that of F treatment, and
2.23 and 2. 33 times that of FR treatment, respectively. Proteobacteria, Actinobacteria, Chloroflexi, and Acidobacteria were the
dominant bacterial phyla for all treatments, with Ascomycota being the dominant fungal phylum. Based on the chemical fertilizer
reduction combined with organic fertilizer, the addition of straw ( FROS) significantly decreased the relative abundance of
Actinobacteria. Under the FRS and FROS treatments, a significant decrease in the relative abundance of Gemmatimonadetes was
observed. Moreover, the FROS treatment caused a significant decrease in the relative abundance of Planctomycetes and
Verrucomicrobia. As for the fungal community, the relative abundance of Ascomycota was significantly increased under the treatments
applying organic fertilizer (FRO and FROS). In comparison with the FR treatment, the FROS treatment significantly decreased the
relative abundance of Mortierellomycota and Olpidiomycota, and the FRS treatment also showed a significant inhibitory effect on the
relative abundance of Mortierellomycota. The Shannon index of bacterial community of the FROS treatment was significantly reduced by
1.26% and 1. 25% in comparison with the F and FR treatments, respectively; the Chaol index increased by 4. 51% as compared with
that of the F treatment. The Shannon index of bacterial community exhibited a significantly positive correlation with available
phosphorus as well as ammonium content (P <0.05). In comparison to the FR treatment, the FRS, FRO, and FROS treatments
significantly decreased the Shannon index of fungal community by 29.85%, 24.94%, and 25.73%, respectively. A significantly
positive relationship between the Shannon index of fungal community and available phosphorus content was observed. The community
structure of bacteria of the FROS treatment was significantly different from that of I, FR, and FRO treatments, with the soil moisture,
total phosphorus, pH, and available phosphorus as the major driving factors; the fungal community structure of the FRO and-FROS
treatments showed significant difference from that of the F and FR treatments, and the fungal community structure was.mainty altered by
total nitrogen, available phosphorus, and total phosphorus. In summary, our results indicated that the bacterial and fungaL.e(;'fr{munities
in fluvo-aquic soil exhibited a relatively strong responseto the chemical fertilizer reduction_combined with organic fertilizer, and 3 straw ;

meanwhile, the fungal community was also significantly mﬂuenced by chemical fertilizer réduction w1th organic fertilizer. Thergfore- the
organic fertilizer and straw drive the changes in the bacterial and fungal (ommumty LOII’IpOBlthIl while 1mprovmg the ) 5011
physicochemical properties. The fluvo-aquic/Tuhgi wefe/more sensitive to the organic materlals than the bacteria. Soil P was a_ ﬂOmmon

important 1nﬂuencmg factor for regulating the bacterial and fungal community strucfure,, andl it bhould be jpaid full attention dunng the

dgrlcult-urdl Lult]thlOl’] of fluvo-aquic soil. o / ' ..--' [ o= ¥
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WHERBEN W ER. RH R IBET vegan Wil
ATAHIYE 43 HT (analysis of similarities : ANOSIM)U i
5 2L 1A 2 S 2 K T4 P 2 S O AT U 4
#T1 (redundancy amalysis, RDA) DAPEHY :ti%%a;ﬁ BT
S AR 4 25 W B B . R LANIOS H 1
(IBM SPSS AMOS™21.0.0,) # 2 4% ¥y J5 A
(structural/ eguati'(')n modely SEM ) HE 2245 j:%%fﬁ
[T TR RTRE 72 B 1 ] S IR 6 2 i)
FIE. g C =

2 BREHH |

2.1 HEEEPERAR L

AS[E) it A Ah B 2 AR T € SOM |, TP, AP Al
NH, -N& i (#£2). 5 F il FR 23AH L, B AL
JE(FRO) &4 7 1 SOM & i, T4 SOM 7%
ORI T 21.30% #120. 10% . FROS 4bHif +
HE TP &8 WS T FRS ACFR 353 13.33%. Jii A
AHUEAFEFFALHE (FRO Fil FROS) J&5 148 AP & &
WM, AT H e A B B R T 18.03% ~
33.45% F122. 69% ~38.72% . FRO FI FROS 4b B ()
NH, -N& & B & m TARAEAL P (F F1 FR) , 40502 F
ARFRIY 2. 14 F12.23 %, /2 FR AbFRY 2. 23 F12.33
fi5. #AbBRIE] L 58 pH TN NO, -N 1 SM {H JC & &
25T

£2 AEMEIRAME+ZEE R

Table 2 Physicochemical properties of soil under different fertilization treatments

SOM TN TP AP NH; -N NO; -N SM
b3 pH -1 -1 -1 -1
/gkg /gkg /gkg /mg-kg /mg-kg ™! /mg-kg ! /%

F 8.11£0.12a 20.00+1.49b 0.95%0.04a 0.78 +0.02ab 40.54 £1.75b 1.45+0.11c  16.05 +3.46a 15.38 0. 53a
FR  8.1920.0la 20.20+1.78b 0.9620.05a 0.81 £0.02ab 36.44 +3.72b 1.39 £0.17¢  15.62+1.72a  16.05 +0.21a
FRS  8.20%0.17a 21.10=1.15ab 0.89 +0.12a  0.75£0.05b 41.20 +2.01b 2.20 20.43bc 12.77 £0.82a  16.20 =1.22a
FRO  8.21%0.02a 24.26+1.83a 0.970.08a 0.82+0.04ab 48.63+2.34a 3.10+1.08ab 19.45%3.8la 15.69 x1.4la

FROS  8.22+0.02a 23.70 £3.05ab 1.030.12a  0.85£0.07a 50.55+2.65a 3.24+0.28a 19.03+8.77a 17.50 +1.42a

1) i R F-2E £ SD(n =3) 5 FIFIAR/NG FRER R FIALHLE] 22 5 83 (P <0.05)
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2.2 Y BRI EC B TE A R AE Ak

Zd e O vk Je , H k15864 358 2% (BEANHE S
40 790 ~70 53945741 ) fm T i Y 16S rRNA B[ 7
FIFIL 009 448 5% (B 152 235 ~ 74 038 55751 )
T Y ITS FEA1. 3T 97 % By AR 1 {4 k4 7 58
25, /5515 9054~ il 746 4~ OTU.

REIIr & LW, MEE B E 46 17,
118 ~40 ., 242 4~ H | 457 1F}, 887 M@ H1 1791 4
i AR E 9 N, 27 4, 67 A~ H | 140 4>
Bl 242 NJE AN 383 ASFh. 4B AN E R AEVE AET TKF
R R RN 1 BT, 45 A B rp A 3 A A
T (A X F B K F 10%) b 72 B W]
( Proteobacteria , - X} £ &k 27.22% ) i £k H

100 | () Proteobacteria
F-’: = == = —— [ Actinobacteria
=] i M [T (= | &3 Chloroflexi

80 | i e [ Acidobacteria
; T . [ Firmicutes
o : x = [ Gemmatimonadetes
i( 60 - 3 Bacteroidetes
1‘;_ S — - - [ Nitrospirae
= = 3 Planctomycetes
E A [ Verrucomicrobia
} { 1 B others
20 +
0
F FR FRS FRO FROS
— ¥y B |

s

—

R IRTHEAE A3 405 ECRAG AT X = 25 11 0L
2. TEARNE S & I BCht A AILIE (FRO) B LA B
FFH ¥  (FROS) W 3% BEAR T ik £ W 1]
( Actinobacteria ) Y A XF F= B, K& (K 08 B ik 2]
16.06% . 5 F F1 FRO Ab3LAH Lb, A5 FF A9 B (FRS
M FROS) [A] #F W #F B K 1 ZF O T
( Gemmatimonadetes ) Y A1 XF 3= B A5 {1k 0§ & 7E
20.84% % 25.36% Z [] (FRO). 5 Z 2, FROS
AP A = T %5 W [ ] ( Planctomycetes ) FYE il
T 1] ( Verrucomicrobia ) Y AH XJ =F F& | 43 51 4 Jn 1
41.61% ~ 122.99% #11 89. 83% ~211. 11% . Pearson
G R (% 3), B4 AP & i 5 F RETR ]
( Firmicutes ) AT 35 AR o 2 IEAHE (P <0.01) ,
M3 TN & & 5 4L € B ] ( Nitrospirae ) F A
Xt B 2 FUHISE (P <0.05). -3 TN, TP AP Al
NH," -N/2 5 M UFF B ] ( Bacteroidetes ) f) JCEE R 2.
+ I SM 57F % 1 1] ( Planctomycetes ) F1HE U ]
( Verrucomicrobia) A XS £ B EM K (P <
0.05) . Al X & M 9% 100 75 , A HLAC ARS AT (FRO A1

["T( Actinobacteria, 23.06% ) .Z¢Z5 1] ( Chloroflexi,
16.30% ) FIERFT 1 1] ( Acidobacteria, 14.34% ) | iX
4 AT EE SR 80.93%, HiRk N R BE T I)
4.63% ), #F M W I

( Firmicutes,

( Gemmatimonadetes, 4.27%). ¥ ¥ & [
( Bacteroidetes, 3.00% ). f f& 12 JE @ ]

( Nitrospirae, 2.80% ) . V% % I [ ] ( Planctomycetes,
1.22% ) FMIPERL T 1] ( Verrucomicrobia, 0.57% ). F
FEB ] ( Ascomycota ) S 45 A0 B+ LA AT,
¥R X B 91.50%, vk S w8 T

4.34%), #H T @ ]
3.51%) A il 4 W0
(Olpidiomycota, 0.37% ).

(' Mortierellomycota,

(' Basidiomycota,

100

b == |3 Ascomycota
®) = = Mortierellomycota
3 Basidiomycota
80 [ Olpidiomycota
= others
= 60 F
=}
w
=
= 40
20 +
0
F FR FRS FRO FROS

o) AR ALIL () SCRPT AL 46 5T REASH AT SN 19 S04 clhers, I
/ ¢ E1 EREEmEEEEAR

Fig. 1 Cnmmuni.ty composition of soil bacteria and fungi

FROS) it A HE i 1 T 2ER 1] ( Ascomycota) 1)
FAXFF2 205353 8. 94% H110. 81% . T 5 FR &b
HUAH LL, A HLIE AR #F (9 S & T (FROS ) 12 35 %
KT %% 4 B ] ( Mortierellomycota ) F1 7 % B [
(Olpidiomycota ) [ A5 X = B, N [ I B 43 1) 34 %)
53.45% F1 89.47%, H FRS 4b P () i a5 # ]
(Olpidiomycota ) [ A7 XJ 3= B2 [A] A F [ 2 %, 5 3
92.63% . T3 AP(P <0.05) FINH, -N(P <0.01)
PR3 T BT TR O = B A S 3 1 i
EEEAR PRI A R B LR (K 3).

0 B A LR PR AR SR K R R 2H R an R 3
Ji7R. S5 RR Y] RAA A& A PR TR VR W) A 2 k2
SR O W WL ) unclassified _ f _
Chaetomiaceae JETEAHLIEALLEE(FRO F1 FROS) 1y
Fe e T H e A B W TE 8 ( Talaromyces ) 75 FRS
AEFRR Y & e, G R SE)R (Preussia) | IZAFTE T
T AT 4b B ( FRS A1 FROS ), 1 B 0 g 5 )&
( Pseudeurotium ) W ZEAL IE AL 3L (F A1 FR) & &=
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£3 HAENEFFEFHRTSHEENERZE K Pearson X 1EY
Table 3 Pearson correlation between bacterial and fungal dominant phyla and soil physicochemical properties

HiH 1] pH SOM TN TP AP NH, -N NO; -N SM
Proteobacteria -0.082 -0.168 0. 068 0.221 0. 093 0.037 0.275 -0.097
Actinobacteria -0.087 -0.215 -0.168 -0.206 -0.185 -0.242 -0.052 -0.288
Chloroflexi -0.129 -0.016 -0.259 -0.402 -0.381 -0.308 -0.324 -0.154
Acidobacteria 0.098 0.076 -0.074 -0.192 -0.184 —-0.048 -0.297 0.041

W Firmicutes 0.114 0.432 0.232 0. 465 0.702 ** 0.431 0.439 0.484
Gemmatimonadetes -0.427 -0.017 -0.17 -0. 147 -0.016 -0.26 0. 157 -0.272
Bacteroidetes 0.314 0.074 0.770 ™ 0.796 ** 0.575* 0.589" 0.17 0.200
Nitrospirae -0.407 -0.334 -0.559" -0.511 -0.448 -0.348 0.133 -0.404
Planctomycetes 0.432 0.318 0.26 0.245 0.352 0. 431 0. 068 0.548 "
Verrucomicrobia 0.334 0.313 0.397 0.411 0. 458 0.451 0. 062 0.633"
Ascomycota -0.048 0.501 0. 094 0.263 0.521°" 0. 644 ™ 0. 142 0.205

i Mortierellomycota -0.455 -0.227 -0.157 -0.262 -0.498 -0.511 -0.003 -0.078
Basidiomycota 0.235 -0.38 -0.072 -0.176 -0.259 -0. 406 -0.129 -0.142
Olpidiomycota -0.078 -0. 085 0.257 0.135 -0.334 -0.126 0. 095 -0.235

1) % x FURTE 0,01 AP 1 BFHIX:,  F77E 0. 05 AT L F X .
(b) JT14

%

-
oy
[ of
%

4353338

s ¥

PR

A IR (M EFEF ) norank_c__Acidobacteria norank_o__JG30-KF-CM45 norank _ f__Anaerolineaceae norank _c_Actinobacteria Pseudarthrobacter
Nitrospira norank_ f_MSB-1ES8 norank_ f_Gemmatimonadaceae norank_c_KD4-96 norank_ f_Nitrosomonadaceae Bacillus HI6 RB41 norank_ f_OMI

clade Gaiella norank_o_Acidimicrobiales norank_c_S085 norank_c__Gemmatimonadetes Roseiflexus norank_ f_Rhodospirillaceae Sphingomonas norank

_o__Gaiellales norank_o_Xanthomonadales norank_c_TKI0 Skermanella unclassified_ f_Nocardioidaceae

B £ /R (M EAET) unclassified _ f__ Chaetomiaceae Talaromyces Pseudeurotium Preussia others unclassified _ f__Lasiosphaeriaceae Mortierella

unclassified_c_Sordariomycetes Fusarium unclassified_o_Pleosporales Nectria Dokmaia Penicillium unclassified_p_Ascomycota Chaetomium Metarhizium

unclassified_ f_Coniochaetaceae unclassified_o__Hypocreales Cladosporium Fusicolla Waitea Trichoderma Alternaria Acremonium Clonostachys Aspergillus

unclassified_ f_Nectriaceae Saitozyma Guehomyces unclassified_c_Agaricomycetes Plectosphaerella unclassified_ f_Halosphaeriaceae
B3 tHAHTNEANIZERR(BXNFEE>1%) EXLERNESLL

Fig. 3 Percentage of dominant genera (relative abundance >1% ) of soil bacteria and fungi in each treatment

2.3 UEMEREE 2R

W 4 frzs , FROS b B4 B B 7% B9 Shannon
ZREMEFR B F ORI FR Ab B 35 T, 4 Sl ik
1.26% M1 1.25% (P <0.01), Chaol f8%%¢ F 4bH
WERE 4.51%, 115 FR ALHA L, Bt A HLAE A
INFE R 3 AN 4L H (FRS  FRO il FROS) i & &

KT EE % A9 Shannon ZAEVEFEEL, 0 FRET
29.85%. 24.94% #125.73% (P <0.05). Pearson #f
KPR (£ 4) AT Shannon ZFEMEFE S T4
AP FINH, -N& & B & EM & (P <0.05) , 1 E 1H
Shannon ZHEMFEELS H3E AP F i B MAHC(P
<0.05).
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B 41 %

K NMDS 43 #7 Jf- 454 ANOSIM 43 #7465 7 2
WAHIE R B-Z M (18 5) . 45513k, 5 F 4b
FEAHE, FR. FRS 1 FRO Ab38 T 40 A BEV& 4L 8 A
—EMiER. FROS 4 HL 5 E R[EF F FR #1 FRO
AbFE. TS HEIE 4547 F FR | FRS Al FRO b3 2
] JC B 25 (R =0.0315, P=0.892). 540 #*

(a), | —

Shannon $5¥{

F FR FRS FRO FROS

5000

H
A

H
-
H

T
—

4000

3000

Chaol $i¥k

2000

1000 |

0

F FR FRS FRO FROS

AN, FR FF Qb3 B LR RIS R A A,
FRO il FROS kb i AW F F Ml FR 43 5
FRS AbFHAH L, FROS Ab BN B B V% 40 i A — E
iR, H FRO b3 AR+ FRS AbBE. B 5
JE45HITE FR, FRO I FROS 3X 3 M Aab 327 a] i 35
X3 (R*=0.5796, P=0.001).

(b) —_—
ras . *
I 1
g 01 I |
= | { 11
%
1k
0
F FR FRS FRO FROS
400
(d)
300 L { l I I T
| I
=
E;' 200 |
g
5
100
0
F FR FRS FRO FROS

(a) Hl(c) 2P - ZFEMEFREL; (b) FI(d) HH a-ZFEMERERL + + FORTE 0. 01 /KPR IEAHSE, « FIRTE 0. 05 K- [ b FAHL
B4 TEEMEFNEEEEE Shannon 35E(F1 Chaol 352

Fig. 4 Shannon index and Chaol index of soil bacterial and fungal communities

R4 AHEFEE Shannon #5EFN Chaol 5315 +I1EE L 4 B2 (87 Pearson "

Table 4  Pearson correlation between Shannon index and Chaol index of bacteria and fungi and soil physicochemical properties

TH EZERCE R pH SOM TN TP AP NH," -N NO; -N SM

. Shannon 0.235 0. 461 0. 167 0.361 0.601* 0.542° 0. 408 0. 506
) Chaol 0.257 0.301 0. 028 0. 191 0. 501 0.511 0. 362 0. 391
i Shannon -0.353 -0.347 -0.129 -0.089 -0.519" -0.431 0.203 -0. 150
B Chaol -0.113 -0.031 -0.401 -0.207 -0.290 -0.269 -0. 000 -0.382

1) * FRTE0. 05 K | WM X

2.4 R A R VR A I S e T o3 p

A P L TR B 7 A5 40 5 S AR M B Y RDA
OB R | Axisl T Axis2 4351 AT DA R 1 352 40
HIREIE S T4 20. 78% F1 13, 19%, 3 EL R BE V& 28
S 28.23% F1 16. 86%, il Wil L g B T 33.97%
FR 2 T RE VR S 78 SR 45, 09% BL I RETK s S (1A
6). Mantel KigRZsREH, SM (R =0.5545, P =
0.008),TP (R* =0.5019, P =0.02), pH (R’ =

0.4469, P =0.03) Fl AP (R® =0.4321, P =
0. 036 ) S5 M 4 TR A 7% 45 1) 1) 35 8 T B8R B3 H
TN (R*=0.5117, P=0.014) , AP (R* =0.4707,
P=0.017) 1 TP (R* =0.5203, P =0.02) &5
FLIR TR S5 A 0 DG B AR A -

#25 RDA i th iy B 3 1k iy SR B A
T LE G 5 R (SEM) (K] 7). SEM fift e 1 4
HRETE a-Z FEERY 43%, BRI BEIS -2 HEMER)
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01sL*® F stress: 0.083, R =0.1548, P=0.144

0.10

0.05

NMDS axis 2

=0.05

-0.10

-0.15

NMDS axis 1

NMDS axis 2

stress: 0,119, R =0.398 5, P=0.002

NMDS axis |

5 TRAEAMEERE NMDS 54T
Fig. 5 NMDS analysis of soil bacterial and fungal communities
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=
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RDA2 (16.86%)
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1 1 1 L
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RDAT (28.23%)

ey

&) RDA 4347
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0.887*%%*

0.554*

(b)

1
150

(a) ZHTEREVE (* =4.999,P =0. 660, GFI =0. 906, AIC =32. 999 , RMSEA =0.000) ; (b) ELEE#FIE (x* =0.344,P =0. 558, GFI =0. 990, AIC
=28.344 ,RMSEA =0.000) ; FElHh&ReRRFIEA S, MR R R, TLLRACTM I W2 BRARTMREA R, + « « FRTE0.001

KV ERFMZ, = FRTE 0. 05 KF EBFEMISE

B7 tEBEGEFRREARMARFENERE o SHENERTERE

Fig. 7 Structural equation model of soil physicochemical factors and community composition

on a-diversity of bacterial community and fungal community

NP BEVE 0 a-Z R PE B B3 B EH (P <
0.05) , Mi%f ELH BEVE 1 a-Z FEVEF A2 T B E 1 1

39%. G5 RFWH, TP 5 AP B W EFEME (P <
0.05) , TP # {2 1E M 51 TN (P <0.001). AP X}

B
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=2

SR (P <0.05).
3 it

3.1 AS[ADEAE b BT 4 3 B M T %) 52 T
AWFFE A AL B R 3 pH (B A A4 B E
b, BAAK A PSR (R 2) X ] RE R RS FF 5%
FA HLAE AR o o) 4 498 2 Ak I3 7 2 =5 138 pH
R4t SR 00 e Ak A el B A0 Bl b A HLAE ARG T Y
IR T -5 SOM &, o 7E FRO 3T ik
FWEKTF(P<0.05,%£2), X—4H815 Li %
AR IE A —2. A PR FRS A2 38 = A PR & =1
FERIR AN RS AT DL R E YA |
SE AR - ST 1 3 AR R B 3 SOML AT
AR ERAIIERA B EREG T L AP &
(FR2) , HEMAPIERE A L85, SOM Ay & &
BAVLER B ™= A, NG AL 11 ag P oo, I W
UK LB T, 5 BRI % 4 B TR A
FasE A, NI TEHL P, 328 P oT
A RE A SOM J& , 2T A HL P 1Yy

T TR A STl 4 i R o P

S SRR P BRI HE 5, 25 A DA
JEH, Py AR AP 3 Ik 7 i JE A R
R FNCPRS) D+ B Ap/ i g i

25 Zhao 4524 OB — 2, AR LA

Rl -5 N IN S, 2 e TR o I
BN FRTRF AT L5335 120 - Rl I > 8

AERASHIZT b 13 NH, N3 B L B L T 3 i
(£2).
3.2 N[t JIE Ak XS 4 T R L TR i 2 )
T AE Ak B A AR JE B8 17T ( Proteobacteria ) | ik
] ( Actinobacteria) \££%5 B [ ] ( Chloroflexi ) FI& T
B[] (Acidobacteria) AN FEVE I OLH BT (K 1),
eIV R A R hEE SO Gy € Al
( Actinobacteria) JEBER [ ] ( Firmicutes ) F1F 25 [ ]
( Planctomycetes ) 1 A & 5 57 B X+ BBk & A 20 &
P R AR P A IS A FEAR T 2
HLEE ] ( Gemmatimonadetes ) B9 AHXT FFE (& 2) | iX
55 SR A REE AN R . 0B RS R A ) B
VEFIYS! i A 2 BURE IS ) 7 W3R 30 , 5 FF 1 it )
W R R SR R e R
5 DLFS FF b o U5 R RE VR B9 ZF RN B )
( Gemmatimonadetes ) Z i T [, 7 HLAC 1S #3554
BACARIE 1 25 45 5 1 PR & 1A ] ( Planctomycetes ) [
FAXFFRE (R 2) 53X 590 Bl n ik g 25 SR — B
Tveit 2 B9 22 B, PEG A 1] ( Verrucomicrobia )
BA G2 5 1Y) 5l 7 5 A i ) L D X 5 ARAIE S

FPERL R ] ( Verrucomicrobia ) BAH X} = B 744 #ILAE
AV AT BT B 2 2 B v BT 0 102 (181 2) . i A )
—AbPRT 2R 1] ( Actinobacteria ) B #H X = B2 AH
FA HL-JEHLAC AL 3R (FRO) A T R (1 2) ik mT
AE5 TR AR I NA G AR Y] s T
RARRLAE B9 RN, TR 1] (Actinobacteria ) #Y AH
X 2 BEFREA , A AR B 1] ( Nitrospirae ) AR XS 32
JEREIN T AT WU A P 00 43 i A A R A
TE AL T A HLICHLE 459 T, A i T 3 KA1 R
PRITE G IR I T 2R T 1] ( Actinobacteria ) [ 4
X2 B I 20 T R 23 O g A R AR i R e
P, X 5B AL IR BE R ] ( Nitrospirae ) FYAH X
FHEH L TN & a5 2 570 OC A 45 J A0 X5
(#£3). Zhao FBIRAG THIF MR R, 5H
ORI B TR, LT B8 1 ( Bacteroidetes) ™5 TN
TP, AP FINH N2 4 i + HEPR5 [ T- e o o
W3 IE A O e (3), 54 UL WT T B T
(Bacteroidetes ¥ 45 LAY WAk A AR AT, 3
AT T SR PSR B E g logr
TR (Kscorbyeotn) BAT7 1 B 1
PR TT CRITY x iGK RFgE— 5 [ Tl
1177 ( Ascomycota) 1 K— s B 7E T 2 5153 EP&Y?J
(051 TR SRR AT 0 AT
AAE ek it g SE AL A AL AL AN A A 00 T i f 25 4
TFHEH ] ( Ascomycota) B AT F B (K 2) , X4
KT 321411 ( Ascomycota ) HA RS 12 A HLIE Y
EETT & T IEA LY (AR ORBTRE R ) 1Y
FEBOMAA , 5 2 R R0 IR FE AR A 5
2572 H (Sordariales ) F1 % B H ( Pezizales ) 3§ J& T
FHER ] ( Ascomycota ) | & B AE 7% A A VAL SR
Wi A A7 TEA HLER B8 W) 04 W i vh e ¥ 26 AR
FAVOL AR B, T8 18 1] (Ascomycota) HY
FXSEES AP HRHERFIEMX(E3) , X5E
INES SO IR R 5 AR — 3. B K BB, AL
YIRS INEE B T unclassified_ f_ Chaetomiaceae J& |
IRE & ( Talaromyces ) MitE s ( Preussia ) kL
B, A0 T R B B ( Pseudeurotium) B A K (&
3). &5 B Pk ( Chaetomiaceae ) B] L P& Az 21 4k 25 il |
AR BBERG A S R AT A R AR TR R R
J& ( Talaromyces ) HA 4P R BHIEE ) R R
(Preussia) R BETE R R AF vh R 4r ) Bt b & 45 1
WA, T e B ML 7R JS ( Pseudeurotium ) H A 53 T
PR, S SR AR R 2 (e
3.3 RIRlit AR SR A R AN EL R R 2RV R
TEACNE 8 Y Bl b, A HUAE RS A 108 T it fob
FARE T YN B Shannon 22 FEMEFE ZUAT Chaol $5 4K
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