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Abstract: In order to investigate the mechanism of the Chaetomium globosum ND35 microbial agent on the growth and soil
fertility of Catalpa bungei seedlings, the C. bungei seedlings were taken as the research object and 0, 10, 15, and 20 g
microbial agents were applied on the C. bungei seedlings’ root. And the growth status of the seedlings, the composition
structure of soil microorganisms, soil enzymes and soil nutrients were measured. The results were obtained as follows: (1)
the C. globosum ND35 could significantly promote the growth of C. bungei seedlings. The plant height, ground diameter,
aboveground and underground biomass were significantly increased (P<0.05). And there was a best promotion effect at T2.
(2) The contents of organic matter, nitrate nitrogen, ammonia nitrogen and the activity of urease, phosphatase and sucrose
enzyme in soil were significantly improved by applying the C. globosum ND35 microbial agent (P <0.05). (3) The
composition of soil bacterial communities was significantly influenced by C. globosumND35. And the diversity of soil
bacterial communities was also increased significantly. The relative abundance of Betaproteobacteria and
Gammaproteobacteria were significantly declined after using C. globosum ND35. And the relative abundance of
Alphaproteobacteria, Deltaproteobacteria, Sphingomonas, Bacillus, Acidibacter were significantly improved. Among them,
the relative abundance of Sphingomonas, Bacillus, Acidibacter increased 21.88%—103.56% (P <0.05), 66.28%—
65.97% (P<0.05), 12.76%—38.06% , respectively. (4) Redundancy analysis ( RDA) ascertained that the distribution
and diversity of bacterial communities were closely related to the organic matter, nitrate nitrogen and ammonia nitrogen. And
the activity of urease, sucrase and alkaline phosphatase were significantly altered with the change of soil bacterial
community structure. Therefore, applying C. globosum ND35 microbial agent could promote the growth of C. bungeiseedlings
by affecting the chemical and biological properties of rhizosphere soil. The results could provide a new direction for the
breeding of C. bungei seedlings and theoretical guidance for the C. globosum ND35 microbial agent application in vegetation

restoration of degraded ecosystems.
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eV R 1 R 5 R AL B IEAIL
Bk ( Catalpa bunger) J& 5 BRHFR & , STk B RHA I SIS MOULE Bl A8 1A R 17 Z 560K,

THRERLIL W AN E IR T FEE 2 A AR A Bﬁjﬁﬁnﬁﬂl?ﬁkmﬁﬁﬁ’ﬁ%\?m_ﬁjim‘ﬂ%%\E
Pt BB HOR Gy 22 A R R R AR R IR 5 9T . ARSI BRE 7 ND35 U YT
FRGH R Ayt A ARSI, SR FH el e P 1477 3 2 A AR s - S ol A Wy e v 9 7, ) s 45 S A
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TZIRITE L AR Ay R A ARz S s I A N AT e —4F AR ML — 30 o o 3 B MBOR S 2E Ve kAT 2
RS BRI 2 mm G AR BT FLH AR R REK &l 22.35% , A AL N 9.99 o/ke, TS A
64.93 mg/kg, AR 61.92 mg/kg, HERME 13.27 mg/kg, 13 pH N 7.05, FPAEZAUE N 19.7 em, FF 15 H
29.4 cm, WIHARN 25.4 em, NIRAMRIR I AL 2 N K 58 S SR 53 0%, B A4 T T ARIL A AL 7546 . 50 T
FHAAE P B 700 S Ll 2R 4Rl K 2% A DR 2 6 o b 4 280452 55 B &8 4 3t ) 03 2k 18 43 35K 5E TR ( Chaetomium
globosum ) ND35 TR A% , filFEZ1H 6.01x107 cfu/g.
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3 pH (E A E AR E , R RO K B H 1:2.5; H3EA HUTCR AR IR A vk e ; 4%
SR AR R AW s 4 M A (AA-3, FEE) T 5E 5 + A 208 R NaHCO, 12 $2-10] Wi i 1k 2% 43 B 42
( Smartchem 200, B KAF| AMS) Jll %€ .

- SR R FH e A b A DU |, TERRBER ) 3, 5- A 3L K B R LL vk DU | Bl I il R FH W R 2R
I, o 48T S R v PR B VR o V2 D A
1.3.2 RN ZH DNA BY$EEL

SR CAT JEARBUREARSE R 41 DNA P ] BRI AR e L DR B2 B DA (9 40 B8 vk B, BB o AR
mn T EOE TR KF B Z 1 ng/pl, B T VKFHE-20°C PRA7
1.3.3  TIEZE 16S tDNA [ PCR 371

PAFG B 5 09 36 41 DNA S 85 H, H 51 % 515F ( 5'-GTGCCAGCMGCCGCGG- 3') Fl 806R ( 5'-
GGACTACHVGGGTWTCTA AT-3") ' %f V4-V5 748 X 4T PCR § 1

PCR W AK % #7:15 plL Phusion Master Mix(2X) ;3 wL Primer(2 wnol/L) ;10 uL Gdna(1 ng/pL) ;2 pL
H,0,

PCR SRR N - (1) 1E 98°C FHIAEHE 1 min; (2) 7E 98°C FZ25E 10 s,50°C FiB k 30 s,72°C T 30 s,
PEI 30 WK ; (3) 7E 72°C NUKLEIE S min, PCR =¥ F 2% Vi 5 19 3 g 0 e e 26 A 7 FEL kR U0, A6 T 56 B8 )5 1
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i Qiime #4: ( Version 1.9.1) #£47 Chaol 8§ %%, Shannon $§ %X . Simpson $8%% . ACE #8 %0/ 1155 ; i
SPSS 21.0 A X B 264 T BRI K 7 224307 (one way ANOVA) J2 Pearson #1540 #T, PA Duncan 322 #4722
A, B E 7K P<0.05, i) 5 % K P<0.01;32 ] Canoco 5.0 #4FHEAT IUAY 43 HT (RDA) K £ W43 4 W
(PCA) ;R H Origin 2018 fE

2 BRI
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it FHEREFE ND35 2B i 390 o] I8 35 4 R AR 4l il i A= 4 (TR 1), B )it 2 VR AR AN TR, 5
CK AH G, SR &Iy i A0 i v AN HB AR 7E T ARER R 4300 i 35 45 17 25.37% 1 7.53% ( P<0.05) , N A= 7E T1 Al
T2 4B T B 3542 5 40.41% 1 29.00% ( P<0.05) , Mo F A=W 7E 3 P it & F 35 CK 257 53 (P<
0.05) , $2 @ %N 22.60%—41.74% . K, BRTE5E ND35 HFI7E T2 T3 i JH & T %R 20 i B2 A ROR
W,
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Fig.1 The growth indices of Catalpa bungei under different treatments
1 [/ — 48R & B AR R RTE 5% 7K 12557 .3 ( Duncan test) ; CK ; AN A= B B 7% B Unamended control ; T1 ;i 4] 10 g/#k ND35 3%
AP ND35microbial agent was applied at 10 g/tree; T2 i H 15 ¢/#k ND35 {4 #) &7 ND35microbial agent was applied at 15 g/tree; T3 Jifi
JH 20 g/kk ND35 B2E # B 7] ND35microbial agent was applied at 20 g/tree

2.2 (A ND35 X+ 35 BG4 -5 3 A R 1 52 0
EREFE ND35 T 90w 700 (it Ok 38 p IR | REMEEE B E B IR BG5S Ak U
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PSR AN k2 (3 1) o MR T7% 4 I TR 500 FH i 38 S S B AR S b e 3A, Ferb T3 rp A DRl 7 M4 CK i 3
PE1E 60.48% (P<0.05) , BB R G | TREWH B8 Bl B 700 FH 2 i3 in 2 58 TR T R 3 S M4 CK 43911
PEE 57.44%—114.88% 13.03%—78.90% , T2 WO PEBEFR G  FEA B IS S CK 257 B3% (P<0.05), A TH
Bi-2) 86 B )05t ) %oF A S T R P R ), 2% Garefa-Ruiz' 2 997 B2 4= 33 i 1% JL AT “F- 22158 ( Geometric Mean of
Enzymes, GMea) VERIFH 138t 1 BEFOG PEFE AR . 25 R A B, T1 T2 T3 AL FE F /) GMea .3 5 T CK( P<
0.05) , HAE T2 b BN GMea A KAE ., BB FHER B 72 ND35 B0 0l i 25 58 i - 3l 1, X R 2 T+
HERE— ROk A RIIAR R A YRR s R AR IR, S P S AN AR AR b B YA G
F1 REIAERHIEE 47

Table 1 Soil enzyme activities in different treatments
F8 5 Indices

R A IR il 1 HERE Y
by X Al i ST M
e WX Urease/ Alkaline A AL JUA 34 %%
Treatments o Sucrase/ Catalase/ .
(mgg™'d™) Phosphatase/ 1 (ml/g) Geometric mean
(mg g™ d™") (me g ) e of enzymes
CK 14.88+0.41b 5.78+0.17b 3.46+0.05¢ 2.57+0.06a 191.34£6.62¢
T1 14.69+0.13b 9.10£2.66ab 5.39+0.40b 2.66+0.19a 465.11£120.55b
T2 17.77+1.48b 12.42+0.97a 6.19+0.15a 2.92+0.02a 984.28+14.81a
T3 23.88+3.33a 11.03+1.55ab 3.91+0.18¢ 2.72+0.08a 675.15+£49.79b

[RIFAS [F] 7 B R R R FEFRAE 5% /K- 1 25 5 8 3 ( Duncan test) 5 CK : ANJiti il 2E #5714 JE Unamended control ; T1: Jifi i 10 ¢/#% ND35 f/E#
7 ND35microbial agent was applied at 10 g/tree; T2 Jifi i 15 ¢/ ND35 i/ ¥ 57 ND35microbial agent was applied at 15 g/tree; T3 :Jifi FH 20 ¢/ #k
ND35 4= #1757 ND35microbial agent was applied at 20 g/tree

PEFI i o B s T AL SR A AN F R (3R 2) N A S A, 5
CK #HIL, 3R E7E ND35 A=Wy il L3 oA HLsT B S A A A 0 & 2 73 i 8¢ = 35.61%—54.24%
25.00%—82.71% 13.04%—48.42% ( P<0.05) , {HARI A ZE, LA SR T EER AL E,
MHSASEET2 T3AMT B EST T1 AP (P<0.05) . BEHIANBE T By 39 5 50wk & 80 1 CK 425
2.711%—1.35% A B3E (P>0.05) . X— R REZH FRUEWR A A S S A TR S &, 55—
RERUE MR A T I A F B2 B oy, AR My Re i e i LI 3= 138

®2 FELELTENpHHRSSE

Table 2 Soil chemical properties of different treatments

PR A AR A 3
Qb pH & 0 . }‘tl y Nitrate- Ammonium- Available
Treatments H value Teanic mater nitrogen/ nitrogen/ hosphorus/
P (g/kg) g S phosp.
(mg/kg) (mg/kg) (mg/kg)
CK 7.04+0.03b 9.66+1.30b 10.76+0.90b 12.35+1.20b 12.92+£0.29a
T1 7.13+£0.05ab 13.10+0.44a 13.45+2.22ab 13.96+1.21b 13.27+0.66a
T2 7.20+0.04a 14.18+0.47a 19.66+1.22a 18.33+0.87a 13.87+0.50a
T3 7.11+£0.02ab 14.90+0.91a 17.55+£2.90a 18.03+0.29a 3.42+0.61a

2.3 TAEWIBET ND35 ) A DA R U 45 4 1 52 T
231 3o ZRESHT

Jiti BB ND35 AR s , 23R 1Y ACE  Chaol Shannon & Simpson i 53 Bl fits FH 2 i 34 i 42
WA EFHE TR (R 3) o TL.T2 T3 h AR FEE W AR R & AR AU W & T CK, JuH T2 iy
ACE Chaol ,Shannon ,Simpson 83 ZUEAH Lt CK 4331 2 4255 T 19.83% \38.82% .4.62% ,2.01% ( P<0.05) , Vi,
WIERTE5¢ ND35 B it FH e 35 0 i IR 4R TRV 1 ~F g BE A A
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Table 3 Diversity indices of bacterial community of different soil

1% AbFE Treatments

Indices CK T1 T2 T3

ACE 5%4 ACE Index 3049.360+195.25b 3600.160+300.39ab 4147.760£104.57a 3396.320+66.65b
Chaol ¥§%X Chaol Index 2967.950+204.92b 3568.900+342.83ab 4120.070+64.68a 3370.860+102.49b
Shannon $§%X Shannon Index 9.310+0.11b 9.610£0.07a 9.740+0.03a 9.550£0.06ab
Simpson F§%X Simpson Index 0.995+0.001b 0.997+0.000a 0.997+0.000a 0.996+0.001a

F 42 PC2 (10.84%)

[FIATAS R FHE R IR IZARARE 5% K- 22 5% 1.3 ( Duncan test)
232 3B MM
GORANE 2 FR . [ 2 M (PCL ) A =1l
13.939% HILRBTRE V4 LA, 45 — 3 4% (PC2 i) AT LA o
Ve AL B SR AN B B A R B R a2
i, R BURESR S, CI AR T A ARSI S e e (ii::::>

_30 -
FYFPEIEAR DA — M R W, S A RS —F
B, IF B A AR v, IS5 BN it Bk B 5T 0 20 0 20 80
BB F AL BT IR BRI E AR, m2 ARLELEMAEEE OTU X £ EHERH 5
233 EEANEREE AL (PCA)
3) ) + ) /Ei\ g\\ ﬁ/; _'l%]_ l‘j ( Proteobacteria ) . Eﬁ? H: _[il._ l‘j abundance of soil bacterial community
(Acidobacteria ) |\ JUZR B '] ( Actinobacteria) | 4% 25 F# |
I"J( Firmicutes ) AEALIZTE B ] ( Nitrospirae ) \PEIM A ] ( Verrucomicrobia ) 10 N4 B ], 24 o5 430 41 7 3= B 1Y
cTEE BN

@ A

| Y] Verrucomicrobia
- | GEALSRE R ] Nitrospirae
| JEREH ] Firmicutes

O UAFE T Bacteroidetes

O #7117 Planctomycetes
O ¥ ] Gemmalimonadeles
@ 4825Hi1] Chloroflexi

O JigZk 1] Actinobacteria
O BRFFET] Acidobacteria

@ ASJEH|] Proteobacteria

¥ AR B TE OTU AR XS = B 64T PCA 43407, .ok
vy v T3

B 10.84% A A B, 45 3R R W, it FH 5 A it FH 7l A=
PUGRRR , & A B R Y 28 — Mo, T1 T2 T3 A BT 40
ND35 A B 30 R 5 5 5 ok 2 -1 398 v 40 B 1 T 9 41 ERAH EC1(12.53%)

Ml‘j E/‘J ﬁ:}’%’é 7J(_T|Z§- , % ALI‘ }Eém%ﬁgzﬂ ﬁk*ﬁ ,fu( [g Fig.2  Principal components analysis based on OTU relative
( Chloroflexi)  2F B & 1] ( Gemmatimonadetes ) | 777 B ] ( Planctomycetes ) . AT 1% ] ( Bacteroidetes ) | JZBE B

80 |
=

60

40 F

SE )
Relative abundance/%
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AP Treatments

3 AEAETEEIKEAEEHEEM

Fig.3 Composition of soil bacterial community on the phylum level
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YR G AR TR TR T TR AR R 32 B BT T B, 4 S04
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ASTE TR AN AR F B 5T e # Ju O T2 T3 B-
ARTE T AN I AR X SE BE L CK 43 51 B 34.70% ,37.22%
(P<0.05) , 1M -, -7 JF T 40 B AH XS 2 B 5 I 25 1 hn
e, CK Y 7.72% ., 6. 34% T & 10. 68%—
12.55% \7.69%—8.83% , T2 13X 4> 40 B 24 1) A A
BEGRILE CK B4 62.59% Fil 39.24% (P<0.05) . FRAT
W 1250 AR AN ] 3t FHBR B 72 ND35 A= YT
UG, R AR 3= B2 A T REAR, JofE T2 h R R T
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Fig.4 Distribution of soil proteobacteria under different

treatments

25.93%( P<0.05) ,iX ] G2 HALAN P T T3S BT 8, R BT TRE ™ A Fh 28 B 2 1 M S B A AR AR ™= 9, A2
P Y R RS RE TP E EEA G, EUR AR NIRRT, 5 CK M
Lt i FH A 4 o 790 A el AR R R s 7.219%—21.6% (P>0.05) , 3% F 82 i TR A e &t s 17+
RS NUR I A, AN, AT E TR E R R A W T ARk, 5 CK A, T1 T2 T3 Hhagds
W] BT JERETR ) R AR AR E TR 1] A AR = BE 43 I3 0 21.30%—32.01% ,28.56%—40.64% ,50.04%—
70.47% 2.22%—13.59% , FHr L 25 TR ] S JSERE B 1T AN 2 B8 AE T3 W5 CK 257 13 (P<0.05)

MANBE & AR AR Py Fh i R = 5 B2 A5 B, e UG 2 B HE 44 i 30 MY AN R B AT 0 Hr (B 5) . &
it P A W e 50 Y 338 (CK) WP B I &8 (Azoarcus ) (H16 5 & 1 ( Bryobacter) | Gaiella AR E E R
(>1%) , T1.T2 ZbFEAY + 3 RB41 HAT 1 & ( Geobacter) | [H & IR J& (Azoarcus) \H16  Gaiella ,unidentified-

25
20 +
X
8 15t
S
H‘E
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o
EE 10 +
.
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| l
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CK T1 T2 T3

AbFE Treatments

5 AELETEREKFHERHEHM

= BT H R Microvirga = Gaiella

= /NEUEHR Pirellula = WA WJE Hydrogenophaga
= {8 Dokdonella = Bryobacter

= Pird_lineage = /]]6

= PAUC26f = [HEINE S Azoarcus
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= EHFFHR Bacillus
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= AT HE Lysobacter
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Fig.5 Composition of soil bacterial community on the genus level
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Rhodospirillaceae ZS [ B FT 15 J& ( Steroidobacter ) WA X £ FE 8 &1 (> 1%) , T3 4L B 4 3 rf ) RB41  HI16,
Gaiella ,unidentified-Rhodospirillaceae ZE[E W AT 1 J& ( Steroidobacter ) | T2 Bt 7 J& ( Acidibacter ) B AHXT = JF #¢ &
(>1%) o 53h it FEREFE ND35 G2k ) 370 AT 2 48 o 4 498 vh B2 S0 1) BE O bR RIUA 4 TRRR IO AN 232, 191)
R R R e e S e e B BT J ( Sphingomonas ) BAR X 2 BE4R 1 T 21.88%—103.56% (P <
0.05) ; - fFT & ( Bacillus ) FIAIXS EBEAE T1 T2 T3 AbBR A HE CK 4351 2 2 75 65.38% .66.28% .65.97%
(P<0.05) , Jiti HBkTE5E ND35 WG , R IAT & (Acidibacter) FIX E AR R T 12.76%—38.06% ., Hilt
AL ULt 3R B 5¢ ND35 Sl PR, il 25 DS -8 v 40 5 s Kk P B 7 A 722 4
2.3.4  LIEANTEAEERROES IR T AR S

T IEFE R AZ AR R D52 232 3] S b B R 152, IR BT Z O &R, A
TIFFE LA [A] b BT 398 (1) Ak 2% 1 ot b I MR Ry PSR R, AL SA A0 TR Vi R AR 3 3 S 2 R AR A
Ty AT RDA 23T (I 6) o AR al LIFE Y, D035 R E v A AE 0 2 B 8 5 R PSR S
R AP s BEARDG, i SR S A AP & xR R R ] 8- IE A | - B T T AN 43
A BAT TE RSB, X B IE A\ y- 2T TR 4N BRI 1] AR TR W 1T 0 20 A B S R8s, 3 4 o A
P ZHREPERN P B 22 IO P RS A SR A PLETE B S A SR AL S B RS
o TIRA R 2R . LIRS E ROk B AEIAR RO SR ) SRS S W A DRI R R
AW VE B A B 2 SRS AR R, DRSS R R D o IR TR AN 8- T TR AN B 2R T T

1.0
Ure
Aci
s
)
<
3 o-Pro
It
2 |
% shannon > B-Pro
&-Pro ¥-Pro
ﬁ Cat
5
= Alk
NOs
chaol Suc
-1.0
-1.0 10
55 1HE i Axis 1(60.05%)

El6 MHEEFHMES TWEFHTRIN(RDA)
Fig.6 Redundancy analysis of bacterial community and soil factors
AP R Available Phosphorus; OM: 4 HLJFT Organic Matter; NO; ; fif 25 %&( Nitrate-Nitrogen; NH, : # 75 & Ammonium-Nitrogen; Pro: 28 JE 14 ']
Proteobacteria; Aci: g liF & [] Acidobacteria; Act: il £k B '] Actinobacteria; a-Pro: a-2F J£ F 29 Alphaproteobacteria; B-Pro: B-2% & H 4
Betaproteobacteria; y-Pro : y-AEJE B 4X Gammaproteobacteria ; 8-Pro: 8-7% J& & 44 Deltaproteobacteria; Cat ; i 5 fb 2 i Catalase; Ure ; X i Urease;
Suc : FEHERS Sucrase ; Alk : B PEREERES Alkaline Phosphatase
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FRIAFIRT = JRE S - SR TR P S E AR DG, e o2 R A RS = B 5 Rl AR T 075 1P oo JEE TE AR G, S8 2 TR 44
9 3 A S5 TR RS A o L TE ARG 5 1 SR PR 11 1] L B-A2 B TR AN y- R T TR AN AR T BT T AR G = - 4
Bl R L A OC , He P AL SRS S P IR R 1) B AN Al R AMISG . ZR G e nl 45, £
AR S A AU IO BRI A S AR EEIR D, I o IR 8-
T BRI BT B~ E B 20 4 70 A BE A W35 5 ) - S A I T
2.4 Rk AR RS R PR A A S

T L DR T X RO A0y v AR A SR AR S0 T A e M T T 1 B G A A T R s S O A A
PREEATRICHE T, A RN 4, S 4 TLIE Y, R vh el Al A5 0 B AS R AT HILIE TR T il ik
PERER B 1 AL U S S A AV - T TR 2N -7 T 4 TR T 1) A R AR 4 1 A 1 AT I 1)
SEdEAEHT, etk 5 R P EE R A LTGS2 5 B F IEARSE (P<0.05) , SAH AR & 8 & oI W 4919 7>
A B TEAHSE (P<0.01) s AR A AS S AR R A WL R Aol P e I I S DL 5 A R 9 oI T
2 ST B A 5 i 3 IEATSC (P<0.05) , 5 S BB PR S A I 2 IE AR OG (P<0.01) s 3t b b N A= Wi 5
SR G A A R IR A S-S T Y R oA £ 3 IEAH DG (P<0.05) | 5 RERE G M S o 2R IR TR A9 1Y
oA AR IEAR O (P<0.01) 5 AT AR RAR RS BRI & 1 SO AR B 1T B o0 AT AR G PR AN 8.3 (P>0.05) o 4R
HANGRIE BT B AN BRI 1 TR 20 A 3R ) A I B B0 S 800, B8 T TR A 19 35 i S b e M A
Py 5 2 ARG (P<0.05) BRI 1A 70 Al S 3t b AR i 52 8 35 SR OC (P<0.05) | AR Ko i A it i
B SRS (P<0.01) 35X AT RE 1 T 1X PR AR R 9% S AT BUR R AE . 23 20 Hr i, I Al S A B
AR A YT REWE N SRR A o A S TR R o IE A BRI AN 8- BRI AN RE RS B
M WA 403 ¥ 14 A ROIR L

R4 R EKIEIRS TIE FARX MR

Table 4 Correlation matrix between growth indexes of Catalpa bungei seedlings and soil factors

F845 Indices

Ei,m PR Az H 1A W EY R ML L
P-height G-diameter A-biomass U-biomass RS-ratio
R Available phosphorus 0.285 0.486 0.516 0.392 -0.079
A& Nitrate-nitrogen 0.747** 0.706 * 0.638* 0.624* -0.455
£ 2% Ammonium-nitrogen 0.655* 0.688 * 0.517 0.567 -0.515
AHLF Organic matter 0.611* 0.671" 0.530 0.650 " -0.709 **
JIRE Urease 0.513 0.190 0.141 0.174 -0.219
TEREE Invertase 0.510 0.807 * 0.766 0.845** -0.707*
AL S Catalase 0.416 0.704** 0.686 * 0.568 -0.207
B PEREIREE Alkaline phosphatase 0.550 0.660 " 0.688 " 0.656 * -0.447
AEILHEIT] Proteobacteria -0.297 0.083 -0.030 -0.137 0.324
BT 40 Betaproteobacteria -0.739 " -0.492 -0.544 -0.656" 0.702*
- H 44 Alphaproteobacteria 0.828 ** 0.686* 0.745 ** 0.799 ** -0.697 *
v-Z5H Gammaproteobacteria -0.287 -0.148 -0.264 -0.357 0.443
- B4 Deltaproteobacteria 0.392 0.650 " 0.577" 0.671" -0.636 "
FRIFT 1T Acidobacteria -0.538 -0.776 ** -0.724" -0.725** 0.468
HTLR ] Actinobacteria 0.512 0.366 0.514 0.448 -0.416

P-height ; e Plant-height ; G-diameter ; #1145 Ground-diameter; A-biomass ; }ll [RAEE7/biy Aboveground-biomass ; U-biomass : W A Underground-
biomass ; RS-ratio, #RJ& Lt Root-shoot Ratio; * F/RTE 5% 7K bW EHHIE, «+ FRTE 1%KF _FW B ZHK

3 e

3.1 BRFEST ND3S A 9 1 700 X Wk R B ke A W R % A 52 )
AWFZE R T Mlumina MiSeq 736 %A R FHEBRE 58 ND35 34 4 B 700 b 35 A0 RRob 20 P M s 4 4 B
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VAR TR 00T o ARBR RS2 AR WA AR B A Y DX, SR AR - G - AT LA R R AR S BRI
SEAH A R AR SST0R PR SR BR 14 DX AR — LA B R 7 45 A 2 3R AE T ) 1 R AR 24 an ™, LU
FERITFE S BRI W v 500 )t P 2 5 BCE SR W D RE 2 Rk e A A2 Ak, IS 4 S 200 T A v 45 A A S 25
FEE AR A T AR S A A T A 2 B SR X SR B TR M R o A R R
FIZE R A NS SR B B A58 IR T, T Pk AR A L 3 s B s mT il S 2R I, e AR )
WRBECE Z 10534 > BB R Y A K BT SR A 1 O 2 (B IR A 0, e e ik 1398 P A3 45 R 1Y
WAE, AOESE T AER ST ND3S BRI AT 43I 5| 2R (TAA ) R B AW (GAs) P, AT i e i
SRTAT JSEREDE ) AUOFT T ) A5 S T AR R T v B A B v AR AR P T R O S )R
BETH ] P AR 22 B2 v A 3 A2 W B 45 ) DI R, JBURT T 170 ] oA A 63 At - 338 v B0 2 4 3R i 20 A HILBR 71
PR DMERFREAE RN TR T BRI ] R TAT T AN [RI2E R - e v i L 34 A B RV 2 X S AR
FEAR—E, AEABIFTE P ol A 900 i 700t ek 7 1R R 1 R I 1 1 B0 AR X = A A R R B ) I o, T R ) Y
AFOE B R (RO AR T A2 IO DR 790 B A T 802, 45t Pl e 24 SR 7 0 70) X AR AR s 38
HHPERETE M A 5T — 20 AT RE AR 4 B R AN TR 9 AR A R AT O, AR A T) RRIBF I T R I
EHEP AR TE Y ZIRBER BN, BRI R A I AT A M 45 A B b R 3 A R O R L (EASTE R
Je il HERTE5E ND35 SE W a A8 AR i) o0 A A2 T e 25 A2 AL, B8 T2 bR 2 |y T T 44 11 AR X
JE R T AR AN 8- B AW AH S 2 B2 1 3% 1T i nl RS B Ak B Y - e B B i 3R 0 i
AK, APFREEEE RSN LT EA FE 0 o IR, LIREPA PR LR G B oI W B A X
FJERA ERGEIERACT  ABFIER RDA ST R o286 B A A 38 5 3 b A IR S AL
AR E i R IEA M, X AT REJE Py o8] B P A R 2 S B A PR A A TR AR

TfF 5 2 WA= 0 1500 it P T DA S 3 48 v L Th B VR 1 R A 5 T g L
FAF TR ISR ZE AL, W R RS FE ZE AT B (B, cereus) 190 AT {25 48 i T 52 A4 355 vh A% W AR s 4 198 440 B 7
VR ZREHEDS | AR IE 4 RN SR | e A0 1 - 08 0 T v 2 R RN R B B R AR B 35 T CK, B4
o i T 0 e ) AR A B i S B SE ETH IR R R RA S fE T2 bR R R R, E R A AE RS 2R, St £
RS R GRS W R 2 MR AARE Z — . BIFFE R B R T 40 1 A5 0I5 S, 18 v 20 T 2 R Y
b3 i D TR ME L AR A B, O ELRCA: WU RE RS R SR, AL S Al I AT DL AL 75 WIS B A
TE L HE b i A A S AE R TR M I R S5 Z AR AR A2 B, Rt BR B 58 ND3S AR P i 2 e &
e AR AN A" R, 3K — 5 T T RE S T BRE S ND3S AR W) B 790 e JE BT 1) 2 A A FH L B R
PEAS AL TE PV P RCHCAE AR AR o = A T B 0 B P (e A A 0 DT ) 9 D A F 1 A e
A g I T2 RS, BN S ER B SE ND35 AR R A LS oA K SR A 5 Y o-
ARTY B AN ARG T2 B S 2 Tt 00— 5 TR B 5¢ ND35 B ) it JH B i 1 S s, R T R R IR
DU, (o SRR B O S A a U P LR R B
3.2 BRFETE ND35 {7 XA AR P S Al S B o )2 )

WFFE R I, S P G R B T 0 34 o R T OCRER  R 2 X AR A R B AR AR A
BREB7E ND35 BRI & P 1 IR DRl ROR A W o A A ST T, X R B R T R A W R fE
BEFI A A B S E YT 3 ORI AR PRI , 12 R AR PR S h U W) 9 2R, AR PR Y 0 s pY) — L
VA AT A R A L GIAS BT b A A RIS oL T T N L S T T 409 11 3 A1 X - 3B IR
it | TRE il B B A TR I T 1k BAT IE SV E T, i K652 ND35 A A= 1y vl 5 14 it P ) 4t 25 i e M p -8
B A9 S-AE T TR A ARG R, A IS IAA , Tt AR A 400 R0 SRS P P S i A e 3 | L 2 R A o B
S A ) ANTE S BLAT AR BT b R B, M DL ST 2 AT TR ( Bacillus velezensis ) S3- 1 1A= ) T 51
A S PR 4 T 1 X P RO S R T R X T BE SR R RO TR R 2 R N R pH A, b
S P R PR RO R O R DDA OGBS VAR B A T R B SR U R T, WA ) T RSN
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ARG IR | DR AR 1 ) B8 2 0k 8 b FR 40 R T ARG v TS 5 v 1) - 3 rp A LR ok
RO AR S A S B R E R, SRR AR X SRR TR R A S S AR
A MU RFE & i, HUOR B TR B A 25 B bR 8 b B8 s, v 40 WA AT IR 75 A R o ok 1 18
WU S R0 78 R TT 2 PR v R TS R 0 RIS A R 3R 0 i SRR T R AR A 1A At
§70 L WUEMIARAU AT DLk SRR Ty | S ik ok - PR BE IR Xk 40 T 0 b 2 R 4Rt ELAT — s R T (il
RN RAEARI TG SR b, 48 pH 5 AN ER TV S5 A PO AR SCHE I AS 38 1T LA (91 2P 98 i3E T -4 pH
SEFRC AN R RS G A F B 0 SR R R R T T AR R, AR RO ST A S R I B ] A AR T
5 3 pH S A% B E A6, T Mannisto 2552 Fl Griffiths 2575 (ORFE R0, AT FE 5 pH 2 B E MM
5 TEATIFGE -3 pH 5 BRI B 1189 435 I AR AT A W E AR S | X — 45 R B A A BT e ™, ] g 5 R[]
B - A KA L S G, IRAME A BFSIE S, Sk 4 B ) R ok s 1) AR 25 4, 1 IR A AR K
RESI  SXAEARTR ST T AW B, T Bt — 2 BT
3.3 BREST ND3S Tl W vk 5% Ao 4l i A 1 5 g

VFZBIFGEIE St i A W A R AR B 3 A AR A VR T, Gan ke A 4 R ) it FH T R A I A
FAR K R 2P M A A RSN SR A 2 ) P R R A AR AR AR FRAS (B35 3 mT BB S5 [ 17y
PRI B fi A A G TR BR300 5 1 A A PR ) 25 S 28 i IR 25 3 . ACBIF e 4 SR = W it
BREST ND35 AR TR 2 A bk AR SR e A B HE AP 4 IR R 7E T2 T3 Ab#
T5 CK 2257 .3 (P<0.05) , X LA AE— @ (R R i A &2 F B2t TR AE KR RS . A RM, ek
W TR R KR 0 AR A A LA — D T 2 P T R0 v A PR TR AR BB S R A Y MR T R ER Y |
T vEY) B S AL A A U R S R R M IR MR A K S — T e B 0 TR R T T R
AL S AR Y S SR T AR AR R N R LT SR Ve R | R R AR T AR R A AN R B A Ak
FROEDEAE A A IS SR TR A4 FH R T AR AR R A R R S R, (e R 2R T A A,
o PR T B 1k R SR S R AR R T A A A R0 — A P ML A AR A AR A BIE S
ARG K Bt FHER B 5E ND3S 334 9 0 7 A I 35 42 s AR AR o = 138 v 88 0 5 PR 1 i ( Sphingomonaas ) BY A XS
FJE, HAE B E BRI F AL AW, R A LR (TAA ) REE 2 (GAs) et K +
B IRKT B8 (Acidibacter ) TE53 i B8 (T AR EL - SRR ME Y 00y T & A5 6 AR, SR 4eRs 3R P A
FEEBR S it FHER B ND35 S5, o 2 B 4R 5 2R B s 7E iR B R BOR R B R RS
Ptk (R A K B i ER B 52 ND3S TR 57 ] 5 3 i FLA X =R BT 3B Ah RS I AN AT B £
FEPE AT 2B it FH 2 0 1 R e A0 S 55 ) 9 v A4 DRTRE 7 ()RR AIE , A TR AR 5 AR I 5 Sl O M A B [
T RDA 43#7 &30, HIE AR R o LIRS TR IE 1] B-A2TE R A0 1 43 A GBS 1 35 52
M) 398 v it ) 35 SR AR R A0 1 i, TR A K A8 5 3 T I A DG o B s SR 2 B, - 438 P i s A% % 40
i REHEG DB R G | o U U R T SRR BT oI B AN | BRI TR AR | S-AE T TR AN 1) 43 A BE S XoF
PR A A A A 2 AR RO

4 #ig

(1) BKTB5¢ ND35 A= Yy e 7 Ay i ] 308 aod 2R3 AP 198 v (R 2 R O 2 A R A, k2 o - Sl 1)
T, A0 SR T, DT (2 AR A8 A, ELAE T2 A3 X - S A A A T B A i AR ey (3% A
SEPRR SRR R A R A DO A A K = G H B RN a2 5 A . AT ] R A
PR PR AR B R S5 300 ARF SR 4 SR ik — P IAIE 1 BB 7 ND35 MR RO FHHLEE, 5838 1
XEFEAAE YR IBLH BT 25 13, A ABoms it i 1 3 S8t 1B wh el

(2) LIERTFESS SRR /K 73 BR A AN SR 00 B =2 R AR T DGR A 25 R GERE RO LAV B2 1) E 2 9 7, Hofg B
FEZ W R AR SRR K™ IX i A2 2 TR, TR v R NE ) S BK R 2 X AR S G , AR5
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KB, BRTEST ND35 A My B0 A H REAS DUl 1 AL 57 03, 35 B AR W Xt LR 20 B R A8 e A
VIR AR o I, 7 RIS 3t SO A A= 25 RGeS 5 o oA LR B R T 7, T2 Y 9 A 25 3004
A FFE— L BT
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