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Effects of greenhouse lettuce planting and T1 bacterial
fertilizer treatment on soil microbial community
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Abstract In order to study the effect of planting lettuce and bacterial fertilizer T1 on the microbial structure of soil for
growing lettuce in greenhouse, the irrigated root treatment (T1) and blank control treatment were designed. The
species composition and structure of lettuce soil microorganisms were analyzed by high-throughput sequencing of 16S
rRNA gene and ITS gene, and lettuce yield and morbidity were determined. The result showed that: 1) Lettuce
planting can significantly increase Shannon index of bacteria and fungi in CK soil. T1 treatment did not obviously change
Shannon and Sobs indices in soil. 2) Lettuce planting increased the abundance of Monographella and reduced the

abundance of Bacillus in the soil. After the T1 treatment, the abundance of Pseudomonas, Monographella,
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Scedosporium and Gibberella in the soil reduced, and the abundance of Chaetomium , Acremonium Pyronemataceae,

Sordariales(unclassified) , and Sphingomonadaceae (unclassified) , Halobacteroidace (no rank) increased. 3) Lettuce

planting did not obviously change the number of OTU of bacterial and fungi in the soil, but T1 treatment significantly

changed the number of OTU of fungal in the soil. 4) After the T1 treatment, the yield of lettuce increased by 11% , and

the morbidity of lettuce decreased by 2.5% (P <C0.05). The lettuce planting with T1 bacterial fertilizer for root

irrigation enriched some beneficial microorganisms, improved soil microbial structure, promoted lettuce growth,

increased lettuce yield, and reduced the morbidity of lettuce without changing the soil microbial diversity.

Keywords microbial community structure; lettuce; bacterial fertilizer; high-throughput sequencing
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1.1 gt 5 EMERTR

A SE PR U 1 M A AL R TH B KCRIEY
i P 06 R B L B2 50 m, BE 8 m, it £
KRR+, R rh AR 6.5 m, B8 1.2 m,
AR SRR Y % BE O 80 AR/ L BRFE 0.3 m X< 0.3 m,
Tl Al A2 ST A LR 16 kg/hm® X 56 + 5 LA
PRALTE b 1 e A 142, 91 mg/kg, 1 8 W wE
261 mg/kg, 1 & 3 Z # 302. 15 mg/kg, pH 6. 9,
WA RPN db A — 57 (4580 . AR R
L NS DO - ROl = I N 3
(CKW) %5 (IR 3 (CKY) 5 T1 b 20 4 455 5 AR AR Fh
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IR+ HERE B 4L (2018 4 10 A 17 H %
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SR RSN 1 ik Ll 338F-806R 5 ITSIF-
ITS2 519 8. ¥ 38 J5 519 % H] Tllumina MiSeq
PE300 I Jy #E 47 XL 43 87 » 246 b 5635 AR ) B2 24
A R 2> 7] 98 1
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fli 1l Excel 2007 %% 3 4 11 45 54E K, R H
SPSS 16. 0 #4722 5 P 43 B 1 He B (P <0, 05) , Al
M RIEFLH4ERE .,

2 H#RE55Hm

2.1 TEHESPMENSHEEERST
JIr A R R R O S A 2 R TR AR RN R 1 P

~:CKY 5 T1Y (W EF 41 F Shannon 15505351 =
F CKW 5 T1W, i3 B FhoAf Az 5% mT 48 & + 5 b i s
Y ke 40t T1 kb B+ 319 Shannon 5 54 T
CKY 5 CKW Z [ HC i &2 5, i T1 &b 3 af
DL — 5 A 5 R AIG 1) 2 ) 28 R R 2 55 0 R e
254 N HE A HERE Foh BT 5 4 Y Sobs
TRHI I 25 UL A SR DL & T1 4b 3 X + 1
R IR A W 2 B B BOE W s

F1 BSLABIEHRABEVSHEEY

Table 1 Microbial diversity indexes in the soil samples of different treatments
e H.E Fungus 4 Bacteria
Samples W OTU R FRdEs BER WM OTUR  FRIEHK e
name Sobs Shannon Coverage Sobs Shannon Coverage
25 AN BORFp 3 CKW 379.34+43.1a  3.074+0.13 b 1.00 2636.14+41.3a 6.6940.09 ab 0.98
Z5 AN B AP S CKY 486.6+91.2 a 3.81£0.19 a 1.00 2570.74£53.0a 6.77£0.05 a 0.98
BAEAFZE TIW 402.3+37.5 a 3.1940.47 b 1. 00 2 637.7450.1a 6.5940.06 b 0.98
BADFRSE T1Y 418.6+26.1a 3.55740.20 ab 1. 00 2628.2+6.0 a 6.67+0.25 ab 0.98

T R R — S A 7] 71 0K 22 57 1 2% (P<<0..05)

Note: Different letters in the same column indicate significant differences (P<C0. 05).

2.2 HEREBEARSH

TR AN B AR T A28 A
28 N H V136 AL A3t 265 ANE . BRoR FI R A
SHETIKR IR T 52 W 1] (Ascomycota) . £ 5 & ]
(Zygomycota) , 1 T [# |'] ( Basidiomycota) . 4% & ]
(Chytridiomycota) ,

TIEFES TP A BT EE MR 2 iR S

G AL 2 b - B R 1) B SR AE 85, 9% A AT,
CKY #4HITEE RN 7.5%.CKW X 9.5%, i ¥
P2 I F 48R 1 F B B A8 Ak, BRAR TR G A 1)
FRAE TIY B3 FREETTEE R 79.5%, TIW
82, 6%, TIY A5 HWITFEENS. 5%. TIW K
11.0% Uil T1 Ab B AT LABEAR - FRER 15
AW,

®2 FRAEBLIEHSPFRABERRITIEE

Table 2 Abundance of different phylum of fungu in the soil samples under different treatments %
H ] Phylum of fungus
# lﬁ] A== ] e e e —H.
. THRW AW T IE] W] HATE]
Samples
Ascomycota Zygomycota Basidiomycota  Chytridiomycota Other
2 H XA RS CKW 85.6 9.5 1.2 0.4 3.2
Z5 ExF R AP CKY 85.9 7.5 1.5 2.8 2.3
WEAFZE TIW 82.6 11.0 2.5 0.3 3.5
BWHEFIZE T1Y 79.5 8.5 4.3 5.3 2.3

TEJB AR I ke P B RR R S5 A 1
ft7n : CKW + 38 ip I 55 R B 8 (Pseudallescheria)
FREHN 23.9%,CKY N 11.5%,T1W K 18. 7%,

T1Y 2 10. 8%  RIAF ML T LB EHE AR
JE&FJE LT AL PR E— 25 BEAR T (B 2 b B 8 =
CKW + 2 fv & 58 W J8 (Chaetomium) F & K
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8.5%,CKY Jy 7. 6%, 1fi T1Y N 11. 2%,
TIW 3 9.7% . REFEREAL T L P EEHE F
FEL 0 T1 AR T g B2 W8+ CKW
+ 3 ok 22 H Bl (Pyronemataceae) W R 4325 )| 3
7 13.2%,CKY N 3.6% .7 TIW th 5K 11. 6%,
T1Y 3k 8.0% . bt B A 3 T LA B Gk B IS + 48 v H 2
JE T T Ab BT DA 3 ok A RS2 i ; CKW
TR ISR Hh R B E R 152, CKY 2k
4.5% 7 T1Y 2 7.1%, T1W 2K 12. 5% , BB R
ATDAHR e I S A b R A 2K R AR L T1 A B
i E T LEPESEE FE;CKW 1Y

TIW 3 v 41 B 4 71 1 J& (Monogra phella) =+ i <<
0. 1% fHZEFE CKY R R 7. 2%, TIY ik 2%,
Uh WIS AT DL e e b A R U0 B s R i T
Ab PR AR R ) T s 2 CKW 3 CKY 13
W T 8 (Acremouium) B <1% (254 0. 8),
FETIWH R 4.0%,T1Y 1k 1. 6%, 5B T1 &b #
P 1 b rh ST R 8 R R s A CKY 3 22 41
W@ (Sedosporium) 5 75 % W J& (Gibberella) 4y 5l 5
5.0% 5 1. 5%, CKW, T1Y F1 TIW th #F Jif 3 <
0. 1%, UtBH T1 b ¥R AEA ALPRAL + 4 b 22 F 18 & 5 ok
TR R,

FEd Sample

0 10 20 30 40 50

m Pseudallescheria
Pyronemataceae (unclassified)

B Mortierellaceae (unclassified)

® Monographella

= Microascaceae (unclassified)
Penicillium

u Cryptococcus

m Gibellulopsis

= Davidiellaceae (unclassified)
Alternaria

B Nectria

m JL At Others

60 70 80 %0 100
BB E 5%

Percentage of each genus

® Chaetomiaceae (unclassified)

B Humicola

B [usarium

B Ascomycota (unclassified)
u Olpidiaster

B Tetracladium

m Kernia

B Gymnoascus

Guehomyces

= Sordariomycetes (unclassified)

B Rhizophlyctis

w Chaetomium
u Mortierella
B Sordariales (unclassified)
® Fungi (unclassified)
u Scedosporium
u Pseudaleuria
u Acremonium
® Hypocreales
Gibberella
Aspergillus

u Cladosporium

Bl BtEEREEBSL KT LEHAFELEN

Fig. 1 Fungal community structure of each soil sample at the genus classification level
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- S AR B A AR 34 ANTTT.T8 AN
189 A~ H 378 MR I3t 749 ANJE . AR S AR
FIKSEEEEF 3 fas: CKW 8 A8 L B 1] 4
BER 28.1%,.CKY 2N 30.5%. TIW 2 30. 1%,

T1IY Sy 32.4% , Uk BHFP R4 & £ AR BT T £
FEL T1 b ¥ ] DL — 20 48 w2 B W 1] F B
CKW + e v JEE BE 3R '] 3= B Ry 12, 8%, CKY
10. 1% . T1IW H24 13. 4%, T1Y 2N 13. 0% , 136 0 Fp
SRR TR REG AR T Ay B T Ab B4R



R 4

5 6 39

Bt AR SR AP A5 T BT Ak 30X - S A B 9% 19 52 )

61

R R RE T ] CKW R i ]
WERE R 14. 9% ,CKY 4 13. 5%, T1W fr FJF R
13.9%.T1Y K 12. 1%, CKW + BB #F 5 1] 3= BF
3 13.6%,.CKY 8. 7%, TIW K 10.3%,T1Y K
8. 0% , UL HAF EIRAR T H P T R T ] SRS AT B 1)
R T1 bR — PR T R s 2 R )
SRR R

PR b/ O e g = L R S R
K 2 pros : CKW 358 iR 4T 5§ (Acidobacteria) i R
SRIBFERER 9. 7%, CKY K 5.6%, TIW = r
1 6.8%, TIY Sy 4. 4%, ibd B Fh 32 B A 4 12 o iR AF
WEEL T A Bk — D Rk 1 H 32 s CKW - 4

F3 BRELEHAF

W 2E 0 F B R (Bacillus) £ 4. 7% . CKY
3.3% ,TIW R 5. 0%, T1Y N 4. 6%, #i B
PSR T 2R AT o JE £ 3, T1 A B4R & 7 L4
WA W OB F B, CKW 38 b S 4k 12 8
(Nitrospira) £ R 2. 4% .CKY # 1.3%,TIW K
1.8%,T1Y &y 1. 5% , Ul B FP S BEAK T £ 48 rh fi 4k
ETR B R, T Ak AT DLk S A A R 1Y £ I 52
M s CKW - 358 o 8 22 B B )0 &6 & (Sphingomonas)
FERN2.7%,CKY K 2.4%,TIW J3.5%,T1Y
k3.3 %0 U BA i S B AIK T - 9 e A A R R )R
FREL M T1 Ab P AE 42 w1 58 Y 2 B 00 TE s
FR

TEMAEEIT S

Table 3 Proportion of different phylum of bacteria in the soil samples with different treatments %
I ik oS JE BE AT M BT IR EE W 4
o
HE i Wil [ il Wi [ [ Wi BEWEIT B Wil éﬂ\ .
Sample Proteob- Actinob- Chlor-  Firmi- Acidob- Gemmati- Bacter- Nitrospi- Plancto- Cyanob- Otk
ther
acteria  acteria oflexi cutes acteria monadetes oidetes rae mycetes acteria
= HEAX AT 281 17.6 14.9 12.8 13.6 4.1 1.8 2.3 1.3 0.4 2.8
CKW
Z5 [ X FR A 3 30.5 25.3 13.5 10. 1 8.7 3.1 2.0 1.2 1.1 1.7 2.3
CKY
AR Ff 3 30.1 20.2 13.9 13.4 10. 2 3.7 2.1 1.8 1.0 0.5 2.2
T1W
A Fh 3 32.4 21.9 12.1 13.0 8 3.5 2.8 1.5 0.9 1.0 2.0
T1Y
2.4 OTU BES&HH TR BB A .

SR HERE B EA T OTU 233 2 1| 3, Al L)
B BRI OTU el 29k 71.50% 5
30.60%;CKY 5 CKW + g . 4 OTU
bk 82.1% 5 48. 0% TIY 5 TIW K 83.1% 5
52.0%;CKY 5 T1Y H 85. 5% 5 54.2%; CKW §
TIW H 87.1% 5 55.5% ., DL EZ5 LW 4 A~ ab
%) - S v EC TR Vi 45 1 22 S R A TR 22 S B/

MW 5 BEREAFA OTU $& 70 Hrfs s : CKY #
TR L B A OTU 54 OTU / 1.2% 5
18.4%,CKW K 1. 6% 5 5. 0%.T1Y } 0. 9% 5
4.5%.TIW 3 0.7% 5 8. 6% . Ui B] 4 4>+ HEkE N,
%) 4 TR R 5 45 /0 T B R 8 Ak L T TL 4k 3B I o

2.5 LEfSe ZZ{MMERSHN

2L TA) A ot L TR T RE 22 S M e A 5 2R WoR T1Y
MR T 17 AEEME, 0 RN EE
(Pseudallescheria) &7 W J& (Chaetomium) | %% 4
7 Bl (Mortierellaceae) H1 K402 )@ . /D B 1 2k @
(Volvariella ), 22 5% J& (Kernia). # %% B &
(Gymnoascus ) . Arachnomyces, Stephanonectria .
L 3% & B Bl (Ascobolaceae) H1 4 43 2%
J& IKER ]/ (Wardomyces) . Spizellomycetaceae A7
Ky kR, S L N S S N
Gymnoascaceae R 52K & . Remersonia . BT )@
(Zygopleurage) ./NEEH J& (Microascus) ,

Cystolepiota

Onygenaceae



62 hoE R A R R R 2020 4F % 25 &

£ Sample

30 40 50 60 70 80 90 100
FREIRIT A A%
Percentage of each genus
® Acidobacteria (unclassified) ® Bacillus m JG30-KF-CM45 (unclassified)
= Sphingomonas u Arthrobacter ® OMI1 _clade (unclassified)
B Gemmatimonadaceae m Nitrospira m Nocardioides
B Micrococcaceae (unclassified) ® AKYG1722 (unclassified) ® Rhodospirillaceae  (unclassified)
m KD4-96 (unclassified ) mHI6 u Streptomyces
TK10 Cunclassified) ® Rhodobiaceae (unclassified ) = Acidimicrobiales (unclassified)
B Gemmatimonadetes (unclassified) ® Xanthomonadales (unclassified) ® Rhizobiales (unclassified)
® Gitt-GS-136  Cunclassified) m Nitrosomonadaceae B Anaerolineaceae
u Steroidobacter = S085 Gaiella
Bryobacter m Cyanobacteria (unclassified) " Actinobacteria (unclassified)
m Pseudomonas ® Cytophagaceae (unclassified) m JLAil Other

2 BRIEHGRERSEKELARHEEN

Fig. 2 Bacterial community structure of each soil sample at the genus classification level

Ca) 2+ BUE (b) A+ BE . F AR X OTU #H .

(a) Bacteria Venn diagram; (b) Fungus Venn diagram. The number in the figure represents the number of OTUs in its area.
B3 TEHERPREYSHEENBEXESTFEEE
Fig. 3 Venn diagram showing the shared eukaryotes OTUs

CKY WHEEET 10 NEREME .20 5 FKr25)8 . Helotiales H 2k 43248 | Eurotiales H & 43
B JE (Monographella) . 7 B J& (Gibberella) . /)N K JE. ¥ g (Corynespora). # 22 W & &
IR B (Microdochium) . Plectosphaerellaceae H1 (Talaromyces) AR5 J& (Trichoderma ) . Hannaella,
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2H [B) R ot 200 TR TR 22 MR T A R B T1Y
AR IR T L7 AR RNE L 0 o R
(Bacillus) . H16 ,OM1 _clade " KRR E R HH
( Planifilum ), ABS _ 19. ¥ ¥ ® #F & /&
(Microvirga) . Bryobacter .Rhodobiaceae A1k 43 2%
J& AKYG1722 k4325 )8 . Ardenticatenales 1 &
K E KR H Jg (Woodsholea)  Bacilli % 43 2
J& . Xanthomonadales H1 & 43 2% J& . Planococcaceae
F1 k428  Pontibacter . Haliangium . K VW 1
FFH J& (Oceanobacillus) . Halobacteroidaceae H
4125 )@ .Sphingomonadaceae F1 K732 .,

CKY b3 3w 4 T AW 15 D&, 405k
TR B (Micrococcaceae) W AR 73 28 J& | 35 #F 1 &
(Arthrobacter) . ¥ 40 1 (Cyanobacteria) H1 o 43 35
J& (Gitt_GS_136 H R 7338 . JG30_KF_AS9 iR
R E.IE W B (Sphingobium) ., K T W B
(Aeromicrobium ) . Paenarthrobacter. $ ¥ B F}
(Microbacteriaceae) 1 R 32 )& . Kribbella . 12 4 1R
8 W (Brad yrhizobium) | Blastocatellacea W % 43 2§
J& . TK10 fhg 4328 . KCM_B_15 1 k43 248 L &l
BRI (Rhizomicrobium) .

2,6 £EXFEREFFHRE

SRS AR RN R 4 TR, TLY ML
CKY i@ 7 11 % kR BT 2.5%.

T4 EXFTFESHFEHKRE
Table 4 Lettuce yield and morbidity

FE MR/ % 77t/ (kg/hm?)
Sample Morbidity Yield

ZSEMMEMIE CKY 6.254+0.11a 6 159.1+452.1b

WALFPSE T1Y 3.75£0.04b 6868.5+711.5a

1 R [A] — B R [6) 7 B 3R 25 57 i 3 (P<<0..05),
Note: Different letters in the same column in the table indicate

significant differences (P <C0. 05).

3 WREEiR

VW AR o i Hp it B I AT A ek A - SRR
ZREPE TR S R B A 2 R B IS T L
H 0 0 AR B L S A0 T RE VR 2 R Wang VYR
o 3 SRR Tt o T A T L o S SR AR A 1
JEEAR LR VB R AR . A SCHR AR IE 8 o
E A ZE AR B TR ) FH-1 AR BOK RS BEAR T KRS AR

WY o 2R

AP RS, CKY A i CKW , Shannon 4§ ¥ 2
FHE L UL T LR RIERUE 2 AR T
AT JE . T1Y A b CKY /Y Shannon $5 ¢ 14
8 EAFAE—E W/ HR TR 25, H 4 b+
BRI Sobs AT 3 22 7 A AT AT REFH T AR IR
T R FH 4 3K AR S A K R S0 R T I X A S A T
) 0 S B0 R W A5 Al U R

AU AT B B 7 T T AR PR A
T F2EH ] (Ascomycota) 54 B '] (Zygonmycota)
FREL A A AL R )T SR A e E T B
GBS H S5HEY%E BEAAXY . LR
A SRS B H 265 AN JE L TLY AR ah 3w s (F
EFEHE 2% A RERN AR R (Pseudallescheria) |
F5¢ W & (Chaetomium) , T 7% B} (Chaetomiaceae)
R 2EE K 22 R B (Pyronemataceae) 1 5 73 28
JE A 13 Bk T MR IT 45 R A,

T1 b FEAH H 2 ok 8 b 3 e AIG T {1 5 A B A
J& R E 22 R S R R R A R
FE o o BURE R L AT g BN A
JERYLE IR T T TR L 22 160 TR TR S O B TR R A
IR BOR A AT R BUE SRR SRR

T1 A FEAR bb 25 X BRARFRIE I T B2 R S
T A B J&  #€5¢ 18 H (Sordariales) R 73288 5 K
ZWEAHRPEBIELIEDFE, HhEEwE+
JEE (R 3G 0 BB 8% £ 2 AF SR Wl - e rh A BE T R L
A A R KRR Ay Fh 25 5 AR R R A TR
PR 55 B Gy fl A AT 2 R RE LY 285
R HL A BRI A ML B 2T 4 2 (PR Y L A Bl
T AT Ty B AR S AR K SIS TR R 2
W28 H T A YIBiR  RERRAR A 38 & LR

SRR S A I B A0 34 AT RS i
F1 A5 I 1 ] (Proteobacteria) B 3£ B, 1 T1 4B AT
Uit — PSRRI F . BRET B A 24
FORR SR 2, AT/ T R it
TN R TR A K T1 Ab 3 4R =+ 5 JEL R
W ] (Firmicutes) 3= B, JEEBE T '] AT LA F fige 1= 1 o
MEF A ) e fige Dt s 1 25 b L B I A
HEEET

b R A I AN 749 A8 L Hoh T1Y Y
3 B B BEAT E 8 (Acidobacteria) . A g -
B F W R & (Sphingomonas) T B . JG30-
KF-CM45 H1 443 28 . OMI1 _clade #1443 J 8 L Bk
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%

R E B (Micrococcaceae) 432 )8 , 5 Shen 250
NBF5E 45 RARTT

T1 4 RS [ #5 B2 M 32 2 1 2F JE AT 1 A AL R B
SRR A R b R AT AR A
R BRAE A= 40 7 (PGPR) B A M 4 BE A0 77 4 il +
s ) B e e T AR HE AR A K B AR Y
PR AR s il A 20 BT 3 A R 1 R R AR K
PR AU Z B IR 5 B A A T T LA R A R A
A2 77 1 05 B e 15 e L O B LR BT B BOCR
(LA A 0 e R
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