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Abstract: To explore the effects of microbial fertilizer combined with chemical fertilizer on vegetable growth and soil environment in

facility vegetable soils, a field plot experiment was carried out. Five fertilization treatments were established : 100% compound chemical
fertilizer(T1), 80% compound chemical fertilizer + microbial fertilizer (T2 ), 60% compound chemical fertilizer + microbial fertilizer (T3),
40% compound chemical fertilizer + microbial fertilizer (T4), and 100% microbial fertilizer (T5). Physiological and biochemical
measurement and high—throughput sequencing analysis were employed. The agronomic traits, yield, and quality of Brassica chinensis L.,
soil physicochemical properties, enzyme activity, and the microbial community under different treatments were analyzed. The results
indicated that compared to the T1 treatment, T2-T5 treatments all increased the yield of Chinese cabbage (with an increase range of
0.35%-13.51%, P>0.05), among which T2 treatment yielded the highest production(45.97 t-hm™). The application of microbial fertilizer
improved the agronomic traits and quality of Chinese cabbage. Specifically, T3 treatment significantly increased the plant height and
maximal leaf width of Chinese cabbage (with an increase of 13.35% and 10.91%, respectively, P<0.05); T2 treatment significantly
increased the soluble sugar content in Chinese cabbage (with an increase of 37.93%, P<0.05); T2-T5 treatments all significantly reduced
the nitrate nitrogen content in Chinese cabbage (P<0.05). Except for soil total potassium, available nitrogen, and electrical conductivity,
the different treatments of combined application of microbial fertilizer and chemical fertilizer did not significantly affect the soil
physicochemical properties. Compared with other treatments (excluding T2), the T3 treatment significantly increased soil urease activity (P<
0.05); T2 treatment significantly increased soil sucrase activity (77.13 mg+d™-g™") compared to TS5 treatment (P<0.05). Excessively low
application of chemical fertilizer (T4 and T5 treatments) significantly reduced the soil bacterial community richness (Chaol and Sobs
indices). Different treatments significantly influenced the structure and composition of soil bacterial and fungal communities, with notable
differences in the relative abundances of bacteria (such as Tumebacillus) and fungi(including Cladosporium, Alternaria, and Trichoderma)
at genus level. Soil organic matter and peroxidase activity are significantly correlated with the bacterial community structure, while
available potassium, total potassium, ammonium nitrogen and soil enzyme activity are significantly correlated with the fungal community
structure. Furthermore, the input—output ratio analysis revealed that T2 and T3 treatments increased the income by 12 090 yuan - hm™ and
7 620 yuan-hm™, respectively, compared to the T1 treatment. In summary, the short—term field experiment shows that the rational combined
application of microbial fertilizer and chemical fertilizer can, to a certain extent, improve the soil physicochemical properties and microbial
enzyme activities in facility vegetable fields, reshape the soil microbial community structure, increase the vegetable yield and quality, and
improve economic benefit. The application of 60%—80% compound fertilizer combined with microbial fertilizer achieves better results.

Keywords : microbial fertilizer; fertilization mode; facility vegetable field; yield and quality; soil improvement; microbial community
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Table 1 Effects of different fertilization treatments on agronomic traits of Brassica chinensis L.

P s . . T X T T
Single plant . Maximum leaf ~ Maximum leaf  Petiole length/  Petiole width/
Treatment . Plant height/cm Plant stretch ~ Blades number .
weight/g length/cm width/em cm cm
T1 50.83+9.54a 18.28+0.84h 22.56+0.54a 10.67+0.33a 18.89+0.98a 9.17£0.17b 8.33+0.33a 2.77+0.24a
T2 60.83+15.37a 20.17+0.76ab 21.78+1.39a 11.00+2.65a 19.50+2.18a 9.39+0.38ab 8.61+1.69a 2.90+0.30a
T3 59.17+8.61a 20.72+1.95a 23.67+5.20a 10.78+1.35a 20.83+2.13a 10.17+0.83a 9.22+0.69a 3.17+0.47a
T4 55.50+3.50a 20.17+1.00ab 23.22+1.62a 10.78+1.35a 20.33x1.17a 9.61+0.54ab 8.67+0.33a 2.96+0.27a
T5 44.67+7.85a 19.11+1.68ab 23.33+2.49a 11.33+1.00a 20.39+0.84a 9.28+0.35ab 8.61+0.35a 3.17+0.15a

T RS R INE RE R A PR 22 57 (.25 (P<0.05) . R Al

Note: Different lowercase letters in the column indicate significant differences among treatments (P<0.05). The same below.
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Table 2 Effects of different fertilization treatments on yield and quality of Brassica chinensis L.

Qb3 JrEE YerEZ C IESS CIRe e AR
Treatment Yield/(t-hm™) Vitamin C/(pg-g™) Chlorophyll/(mg-g™) Soluble sugar/(mg-g™) Nitrate nitrogen/(mg-kg™)
Tl 40.50+13.57a 164.43+12.55ab 0.58+0.06ab 0.29+0.03b 573.04+37.67a
T2 45.97+7.50a 161.35+1.42ab 0.63+0.11a 0.40+0.04a 299.97+16.81b
T3 44.42+7.12a 157.86+3.99h 0.61+0.04ab 0.32+0.05ab 257.17+70.37b
T4 42.00+6.89a 171.11+6.17a 0.61+0.15ab 0.26+0.03b 297.08+86.22b
T5 40.64+1.67a 162.81+3.61ab 0.47+0.06b 0.35+0.09ab 238.56+25.27h

3 AEHEALALIE XS T TR 4Lt R S0

Table 3 Effects of different fertilization treatments on the soil physicochemical properties

F8F5 Index T1 T2 T3 T4 TS
pH 6.04+0.31a 6.09+0.11a 6.05+0.03a 6.10+0.11a 6.18+0.05a
A4 PLIT Soil organic matter/% 3.99+0.43a 4.05+0.11a 4.17+0.06a 3.95+0.07a 4.03+0.43a
4% Total nitrogen/% 0.27+0.08a 0.20+0.03a 0.23+0.02a 0.21+0.01a 0.22+0.00a
2 Total phosphorus/% 0.46+0.02a 0.46+0.01a 0.49+0.02a 0.33+0.10a 0.37+0.16a
22 Total potassium/% 2.54+0.45a 2.02+0.04b 2.08+0.14b 2.24+0.12ab 2.06+0.27h
A Ammonium nitrogen/(mg-kg™) 122.51+48.01a 114.39+8.70ab 64.78+26.36bc 58.22+26.30c 38.54+2.84c

4 %W Available phosphorus/(mg-kg™)
P ALH Available potassium/(mg-kg™)
£h73 Salinity/%

1, § % Electrical conductivity/(mS+cm™)

T TP A TK & 535 L P.0s (K0 3
Note: The contents of TP and TK were calculated as P,Os and K,O, respectively.

155.31+15.80a

130.67+19.40a
6.90+0.76a
0.92+0.04a

155.18+18.74a

136.33+21.96a
5.99+1.87a
0.90+0.21a

153.92+11.16a

134.67+27.39a
6.07+2.00a
0.71+0.26ab

171.62+15.75a
116.33+18.01a
5.64+1.15a
0.65+0.26ab

140.38+20.49a
117.33+8.08a
4.28+0.76a
0.43+0.12b
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Table 4 Effects of different fertilization treatments on

soil enzyme activity

B R T

S — . g
prp LR R Alkaline oo

Peroxidase/ Urease/ Saccharase/

Treatment (me-deo)  (pe-d'o) phosphatase/ (me-d o)
grd'g perdlg) (oldtegr) (medE

T1 75.57+6.02a 127.31+15.09b  7.74£0.68a 61.69+22.50ab

T2 72.05+4.13a  147.21£0.93ab  7.32+3.22a  77.13+17.00a
T3 71.52+1.62a 208.65+38.97a  7.87+1.71a 64.06+15.55ab
T4 75.41+6.84a 143.05+42.40b  6.64+0.71a 57.87+13.26ab
T5 77.17+17.39a 133.43+5.57b  7.51+0.39a  44.06+5.74b

54 AN o F M EC B EAH
2.4 AEHEIEAME XS R M B R R0
2.4.1 TIEAYIRETS o S B ZHAEVES T
2.4.1.1 o ZFEE

2 6 43 T A [ il A Ab 3 46T 4 9 40 TR A L T £
EYIREE R 2R SR, MY
JIES it A NS R AT 1 & B R 9% = & B2 (Chao 1 Sobs $
B0 TAFITS L5 T1 425 5 2% (P<0.05) ; T2 il
T3 4bFRFE Chaol I Sobs f8 45 %L, ¥ T T4 A TS
AR FE AR T1 AR B, 22 BH 3K A~ b B 0 b =
AT TR A AL FE 2 1] Fol A o A T e A HE X 400 7
BEV& Z #EPE (Shannon 38 %) #1134 2] i (Simpsoneven )

JC I E 52, T3 4b # [ Simpsoneven f§ 3 i 5
(0.201) , R BHZ A B (4 W P 43 AT B LAt b PR BT 35 5]
XFF ELUE RIS T, AN [t AR AL O T 2R
P 357 BE H G & 5 0 (P>0.05) |, T HAS ] it AR &b
PR e IR BRI E W 2 S ERT
YD o AT A I, A P IE 5 0 T o Tt %o 4 D
¥ o ZAEMEIE AL B RS
2.4.12 BEFENE

PLS-DA %5 53R W, AH [A] 4k B A9 4% it SR AE — i
AN T Kb B R B RE S 7E ASV ZKF- B AR Wy e 7K 44 |
AHEAF (R 1), T1.T2. T3 kb3 5 HAl 2 4> 4b B (T4
FITS) # COMP1(8.38%) F1 COMP2(7.32%) X 43 IF ,
T4 F1T5 Kb PR IR TE— L , SR W] T4 1 T5 40 1) 41 B
TEVE S5 I B 5% T HoAh 3 N H (& 1a) . COMPI il
B T1. T2 AbBE5 HAh A BRIX 43 FF , COMP2 filis T2 . T3
Ab PR FLAM AL SR IX A3 IF o FUIRHE I S AL S B LAY
G, T4 F1 TS Ab BRI 5 HoAh 3 A~ b BEIX 43 T,
T1.T2 &b P55 HoAth Zb P COMP1 $l1 (8.10% ) X 43 FF,
COMP2 1 (7.24% ) ¥4 T2 1 T3 4b ¥ 55 H Ath 4b F X 43
TFo T4 FNTS Kb BRAFE 5 B — S, I M 4k
PR G MRV S5 AL s i 20, AT RE LA AL f
I REVE L. TR, AR H 609%~80% KA 5 1

x5 TEEEES TEEAERIEXES T

Table 5 Correlation analysis between soil enzyme activities and soil physicochemical properties

- P : : R W %
e PR 2R B gl b3 A ﬁf&@i J_fxﬁl!ﬁ‘? TN HiTE'F'?
. . Total Total Total Ammonium  Available  Available __ Electrical
Soil enzyme Organic matter . . . . Salinity ..
nitrogen phosphorus potassium nitrogen  phosphorus potassium conductivity
ALY Peroxidase 0.124 0.390 0.247 -0.251 0.116 -0.017 -0.355 -0.341  -0.115 0.194
JIRTi} Urease -0.124 0.238 0.149 0.454 -0.252 -0.323 0.197 -0.043  0.188 0.164
B R Bl Alkaline phosphatase 0.036 0.159 0.483 0.248 0.041 0.114 0.091 -0.376  0.290 0.470
JEME R Saccharase 0.155 -0.116 0.193 0.135 0.111 0.866%* 0.330 0.142  0.871*%*  0.815%*

1 R FRAE P<0.01 7K 5 340 G

Note: ** indicates a significant correlation at the P<0.01 level.

6 FREIMEARALIEX TIRME R AR R o SRR

Table 6 Effects of different fertilization treatments on the o diversity of soil bacterial and fungal communities

T H Ttem QLT Treatment Chaol Sobs Shannon Simpsoneven
AT Bacteria T1 2 817.47+104.18a 2 807+100a 7.15+0.06a 0.189+0.031a
T2 2 656.61+202.44ab 2 647+197ab 7.09+0.09a 0.187+0.009a

T3 2 588.68+80.40ab 2 584+82ab 7.09+0.13a 0.201+0.054a

T4 2 547.50+131.59b 2 543+133b 6.98+0.18a 0.171+0.046a

TS 2 565.19+90.42b 2 556+92b 6.97+0.17a 0.135+0.054a

LA Fungi Tl 430.13+21.74a 430+21a 3.95+0.06a 0.045+0.005a
T2 406.65+16.07a 406+16a 3.64+0.42a 0.036+0.019a

T3 398.30+36.13a 398+36a 3.88+0.30a 0.044+0.021a

T4 431.70+56.38a 431+57a 3.92+0.24a 0.045+0.015a

T5 408.91+29.68a 408+29a 3.87+0.33a 0.047+0.022a
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Figure 1 PLS=DA of bacterial and fungal communities at ASV level

Az DN I it . 2 55 ) L ST AT A A o A T
FLEREVR 250 10 3 AT R AL, R W] -3 A R s
SR FRIE PR R e 1 AT BB HAT —E I — Bk
2.4.2 X LI WU RETR L S

A ) N TR it A A Ab RS 0] 1 240 BT 1) A g 7K
F P RIAR S = B (B 2a [ 2¢) o AHXT 2B 5 F 5% 1Y
T B AL FE W) B A 2B JE R 1] (Proteobacteria, 32.95%~
35.66%) . it 2 & ] (Actinobacteriota, 9.66%~
10.87%) JERER ] (Firmicutes, 9.18%~10.34%) . 2.
M ] (Gemmatimonadota, 7.67%~8.71%) . 425 ]
(Chloroflexi,7.41%~8.25%) \FRFT | ] (Acidobacteriota,
7.50%~8.09%) o FHXT F=BE W85 T 2% Y@ AK P T2 AR
Sy Fh Ry B 24 B B TR & (Sphingomonas , 5.48%~
7.86%) . unclassified_f__Gemmatimonadaceae (5.01%~
5.62%) ZF AT & (Bacillus ,4.76%~5.58%) .unclas-
sified_o__Vicinamibacterales (1.96%~2.16%) . unclassi-
fied_o__Chloroplast (1.15%~2.65%) N
fied_f__Elsterales (1.34%~2.65%) . H % F T1 kb ¥¢ ,
T3 . T4 4k ¥ v Sphingomonas B A0 Xt 3 & 4 2.46%~
12.49% (4R TE . BEAT , T2~TS Ab R E AN [ 5 1 45
T 3 Bacillus . Gemmatimonas 51K 17 G 1 ( Devo-
sia) \ Allorhizobium— Neorhizobium— Pararhizobium— Rhi-
zobium B A XE = B, 38§ 0 4.57%~17.18% . 8.29%~
26.76% . 18.40%~126.30% . 85.82%~230.32%. Bacil-
Tus FHOS = B 1S I, T B8 55t o 44 i A 0 I 1 ) g
PR R 2T TR 8 A G (B L TR D BR TR AR AE 13 e
Bl 5755 K qPCR .GFP  FISH 2545 RIS, Allorhi-

unclassi-

P 1%) WHARTY

z0bium — Neorhizobium — Pararhizobium—Rhizobium & T
RO TERE , 72 1 448 2 52 & 20 2 ot , O
FEER MR A SRR ae S % T -
ERNE AR R T RER A=Y o sl W RE 55 A0 AT e i
FEAK T K 28 AT 1 ( Tumebacillus ) B A XS 3 5, I
HHT3~T5 AR FL5 T1 b B 22 5 1 % (31.08%~45.16% ,
P<0.05) .

LI TR B T 1% p9 AL 3w F oy 5
22 5 '] (Ascomycota, 44.11%~64.15%) . unclassified_
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(7 b B e 2K F Rl (R 2 B2 & T 3% ) 4 un-
classified_k__Fungi (38.69%~45.90%) .
fied_f _Chaetomiaceae (10.55%~13.89%) . #% 1 4 J&
(Mortierella, 6.09%~8.41%) . & Ek 1l J& (Papulaspora,
3.58%~7.34%) . B ¥l % J& (Cladosporium, 1.87%~
4.70%) . 7% 75 J& (Emericellopsis, 1.87%~4.70%) o
Cladosporium Alternaria . Trichoderma %5 B & ) AH X 3=
JEA #2257 (P<0.05) . AHECT T1ARSL, A=W IERY
WINEEAR T Cladosporium Alternaria WIAHXT R, H TS
AbPEZE 5 B3 (P<0.05) o 4553 B, AN [ it A Ak P
S AR MRS R A
2.4.3 FREEDR T 5 A MR A AR DG o) A

VIF & i & 22 Ju 4 1 ] A Y 22 o 2 )™
FREEM—Rh R &, AR T 1. Rtk ST VIF 434
i e PR DR, A T IS 2 5 AR W TR R A e
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Figure 2 Composition analyses of the bacteria and fungi taxa at phylum level (relative abundance>1%) ,bubble map of the relative

abundances of the top 30 species at genus level of bacteria and fungi(One—way ANOVA)

www.daes.org.an




m@g 2186

URETRR Rt Y F 4455 8 H

Bro VIF BIEB R 10, & BT 6175 5253 BT 1) 52 i R
F 4 :pH.SOM.TN.TP.TK AN AP AK ;43 \EC 10
6P o

P 3 s T AS TR it AE A B A 398 BR0E [X)1 xF 4
T L ARSI, RDA 25 LW o 1 45 R BR 35 (K 1
XTI - i A MR B2 o fl Bl 3a Al i, 1
SEPRAY LA - AT A R A B R VR 8 A 1Y 55.27% . D\ -3¢
HRA ARG P TR 1 % = A Y, SOM L EC,
AN AK 5 RDATfh ARG, Hofl R 5 Z IE AR ¢ .
AN AK .pH TP 5 RDA2 fli 7 4 56 , Hofth [H 1 5 2 1F
A& . RDAT I RDA2 119 i 5 % 43 51 4 41.03% il
14.24% , SOM X [ 17K - 241 A1 T 1E 45 /) s e 4 FH e K
SR - A TR R S5 R B OGP BE R T FR B 3b
AT, i B - R0 DR 1T A R TR VR AR R 1Y
81.36%. AK.TK.AP 5 RDA1%HIEA, HoflH 15
Z MK, AK. TP .pH 5 RDA2 Gl iE A ¢, HoAl [+
5 Z M 5% . RDAL F1 RDA2 14 i & R 43 51 Ny
76.98% 114.38% , AK TP Xif [ 1 7K - TL I 12 FE 45 #4 52 1)
VR B K, S 5 M) - 98 TR 95 45 ) 179 G B PR 455 [
Fro AT UL ANTR)PREE PR - ) LA A B RV A R e A
T AR
244 L HERARE ST TG VS 1A P R RE YRR G
PE 53 B

AR RE 3 25 i A 2 M it i - 4 3R % TR - ok 44
BLCELEE T KPR 2R TN ([ 4) o Kl da Zh

70

Q) AN
60+ (a) 4HTA
50
40

301

RDA2(14.24%)

L L L L L L | L L L L L L
-60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60
RDA1(41.03%)

Tl o2

®T3

R, Chloroflexi . 7% 25 [ | ] (Planctomycetota ) \PERL
["] (Verrucomicrobiota) . # & [# |] (Patescibacteria )
A REDS = B2 430 5 E 3TN AP (SOM \TK & 4t (i 35 1F
K o HUFF & ] (Bacteroidota) W 5 IE [] (Bdellovi-
brionota) . Dependentiae A A% 3 £ 14 55 S-POD i
IEAH S . Firmicutes K BRE ] (Myxococcota) | Verru-
comicrobiota .\ MBNT15 [ 4H X} =F B 43 51| 5 1+ 38 AK . S-
POD .pH.S-POD {2 # i #1 ¢ . Gemmatimonadota ., it
% FF 13 1] (Desulfobacterota) F AH X 35 3 ¥4 5 A 15
SOM % &5 fll S-=POD . % i /1 5% . Acidobacteriota ]
AR 2 B 5 18 EC M S-POD &2 fi A5 . Methylo-
mirabilota [ AH X = B [ i) 57 1 1+ 38 SOM \EC..S-POD
BB, K 4b 45 B IR, Ascomycota , Basidiomy-
cota AN 2 B 73 1] 5 + 4 S-SC  S-UE {& £ 2. IE
K. il A ] (Zoopagomycota ) A X =F i 5 13 TK
FTAN & 14 5 i % IEAMOC . Mortierellomycota [ AH
XA 3 AK S REIEASE (B S-ALP 2. 35 T A
Ko MR PR BT (Entorrhizomycota) AR XS 3=
LHETN (S-UE S-ALP ¥ 2B % AR K & . il
Az H 1] (Olpidiomycota) AR 3 i 5 1 3% pH {H 2. %
A, B 251 ] (Rozellomycota) i ] (Kickxel-
lomycota) . EK %% B ] (Glomeromycota) f4 A7 Xf = Ji& #4
5 S-POD & & AN G . BVRFA A, SOM 5 i Al S-
POD 5 4G [ 17K V- R X == B2 2% DI AR G, T 4 35 il
TN R A B (H TK AN AK) 5 ELR T KR

160
140
120
100
80
60 -
40 +
20

0
_20 L
40 L
_60 L
80 L
-100
-120

(b) FL B

'AK

RDA2(4.38%)

EC oy

-120 -80  -40 0
RDA1(76.98%)

-160

T4 @T5

E3 fAE EEWHEHEERFHRDAER

Figure 3 RDA of soil bacterial and fungal community taxa and environmental factors at phylum level
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Figure 4 Correlation analysis of relative abundances of bacteria, fungi taxa at phylum level with soil physicochemical properties and

enzyme activities under different fertilization treatments
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