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Effects of Microbial Agents on Soil Nutrients and Bacterial
Community Structure in Wheat Fields of North China
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Abstract: [ Objective ] This study aimed to investigate the effects of different types of microbial agents applied during
the jointing stage of wheat in a wheat-maize rotation system on soil properties. [ Methods] Field experiments were
conducted from 2022 to 2024. Four treatments were set up: a water control (CK) , application of auxin-producing
microbial agent (BS), application of microbial agent (PM) , and application of biocontrol microbial agent (BSA).
The impacts of different agents on soil chemical properties, bacterial community structure, and wheat yield were
examined. [ Results] In the 0—20 cm soil layer, the application of various microbial agents significantly improved

soil chemical properties compared to CK (p<20.05). The PM treatment had the most significant effect on increasing
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soil alkali-hydrolyzable nitrogen and available phosphorus content (»p<<0.05), with increases of 22.60%-29.61% and
21.63%-37.51%, respectively, and a significant decline in pH (p<<0.05). There was no significant difference in
available potassium content among treatments. In the 20—40 cm soil layer, available phosphorus content in the PM
treatment was significantly (22.05%) higher than that in CK (p<C0.05) , while there were no significant differences
in pH, organic matter, alkali-hydrolyzable nitrogen, and available potassium content among treatments. Compared
to CK, the application of all microbial agents significantly increased the a-diversity index of rhizosphere soil bacteria
(p=<<0.05), with an increase of 2.77%-5.59% . The application of microbial agents significantly affected the relative
abundance of dominant bacterial phyla in the soil. Ninety days after application (»<Z0.05), compared to CK, the
relative abundance of Proteobacteria in the BS, PM, and BSA treatments increased significantly by 2.70%, 5.42%
and 3.71% (p<<0.05) , respectively, while the relative abundance of Gemmatimonadetes in the PM treatment
decreased significantly by 4.75% (p<C0.05). The relative abundance of bacteria with biocontrol and growth-
promoting functions in the rhizosphere soil of all microbial agent treatments was higher than that in CK, while the
relative abundance of the pathogenic Nocardioides, which has disease-inducing effects, was significantly reduced at
both 15 and 90 days after application (p<C0.05). Compared to CK, wheat yield in the microbial agent treatments
increased significantly by 8.28%-20.43% from 2022 to 2023 and by 5.70%-16.23% from 2023 to 2024 (»p<<0.05),
with the PM treatment showing the most significant effect. [ Conelusion] The application of microbial agents during
the jointing stage of wheat effectively activates soil nutrients, enhances bacterial diversity and the abundance of

biocontrol and promotive functional bacteria, and increases wheat yield, with the application of Paenibacillus

mucilaginosus PM12 being the most effective.
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Table 1 Basic physicochemical properties of the tested soil

+)Z2WE/em pH HHLF/(g-kg™D

A/ (g kg D BEA/(mg-kg D AW/ (mg-kg D B/ (mg-kg D

0~20 8.11 16.53 1.22
20~40 8.03 11.71 0.95

60.30 17.74 107.21
49.20 13.66 85.46

1.2 REEEIT

ARG I 8 4 A HE, 4 ] O X CCKO AR K
FE WA R (BS) A B 50 (PMVD FILAE B 1A 9
B (BSAD , # 4bH1 3k A&, BEAILHES . A~/ IX
1 B 50 m”. 4% it FH B 77 A it F R 20k 75 L/hm?,
Xof BEAL 3R R K A . TR T /N 3 e .
A4 Ze A I it & A N 210 kg/hm?, P,O5 90 kg/hm?,
K,O 75 kg/hm?, %8 4 3 AE A8 AE e 51 R 62 4, i 4
JE 4 FB O o K 2= 4B B & 9 N 270 kg/hm”,
P,0O; 330 kg/hm?, K,O 75 kg/hm*, HAth H [i] 45 B4 Jiti
i HE Y A% B8 > U B A T
1.3 MEEHRSHIE

T 2023 4 1 2024 4F/INAZ B | 4 BT CR AR
KA 0~20.20~40 em T HERE A SRR BR R )2 MG 75
V&g B 5 #EAT IR o B a RO E . R L
Jo R FH A% T A/ o AR e 2R
AT O, B A AR R Al R Ak
- 8 A SR TR TR B - IO B R E L, pHL R
FHpH I o 7= a5 D 2 /I 22 D07 AR R, 7
A2 S, BEHLEURE , A b B0 34, B R AR 1 m?
AT /N2 0 A SORER, SR 2 m? 6 470822 JH B A AL
12 12.5 %6 oK 43 o0 & 43 BT 5 A T AR i

T 2023 4, 7E B ) 3t A 5 15.30,90 d R AR BR
TR R AE FBEHLEL 5 AR A AR R B AL
W10tk 2 B, 42 AR R T B 2 R 4R B TEAR B2
T 3 IR A G iz A B AR PR R Y KR
IR PR 3 BR BCRE W B DNA J5 , ff H #E A
Barcode J¥ %1l () L 1i#51%) 338F (5'-ACTCCTACGG
GAGGCAGCAG-3")F1 i3 9 806R(5'-GGACT
ACHVGGGTWTCTAAT-3" ) X} 16S rRNA %t [K
V3-V4 [ 42 X 47 PCR ™8, PCR S A & 53X
TransStart FastPfu 28 w1 ¥ 4 pL, 2.5 pmol/L dNTPs
2 ul, EiE51# (5 pmol/1.)0.8 pL., FiiF51 4 (5 umol/
1.)0.8 pL, TransStart FastPfu DNA 2 4 0.4 L,
Bt DNA 10 ng, #h & 22 20 pLo §"HIFR 74 - 95 CHE
P 3 min, 27 A~ 95 ¥4 (95 “CZE P 30 5,55 Cik k 30 s,
72 CHEAH 30 ), 8K J5 72 “CHa s #E A 10 min, & J5 78
4 CHATIRAE(PCRAUH ABI GeneAmp®9700 K1), fii
FH 2% BB B EE I [0 i PCR 7= 4, # F Omega DNA
4lifk ik 7 £ (Omega Inc., Norcross, GA, USA)#Ef7
w10 7= 4 4l 4k, I Qsep-400 (BiOptic, Inc., New
Taipei City, Taiwan, ROC) X [0 i = 4 #F 17 £ I
o WEMY SO R EE A RHECA R
(b 5038 33 Tllumina Novaseq 6000 I &3 & (Jb 5 i
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Table 2 Variations of soil chemical properties under different microbial agent treatments

pH B/ (g-kg™ WA/ (mg-kg ) AW/ (mg-kg™D HELH/(mg-kg™ ")
Ay b 3 0~20 20~40 0~20  20~40 0~20 20~40 0~20 20~40  0~20 20~40
cm cm cm cm cm cm cm cm cm cm
CK 8.47+ 8.23+ 1281+ 7.76+ 63.78+ 4141+ 16.75+ 13.51+ 90.90+ 83.65+
0.20a  0.20a 0.05a 0.64a 0.19d 0.72¢ 0.73c 0.69b 10.87a 6.28a
BS 8.29+ 8.284 13.03£ 7.90+ 71.46+ 42.02+t 19.62+ 1449+ 94534+ 90.90+
0.03a  0.02a 0.17a 0.86a 0.12¢ 0.88bc 0.47ab 0.80b 16.61a 10.87a
20222023 PM 8.25+ 8.22+ 13.17£ 8.05+ 78.20+ 4548+t 20.38+t 15.92+ 101.774+ 9742+
0.07a  0.0la 0.09a 0.21a 0.09a 0.34a 0.80a 0.91a 10.87a 4.98a
BSA 8.31+ 8.30+ 13.15+ 796+ 76.65+ 42.78+ 1834+ 14.04+ 98.154+ 87.28+
0.02a  0.14a 0.41a 0.76a 0.50b 0.16b 0.35bc 0.13b 6.28a 6.28a
CK 8.14+ 7.92+ 1493+ 9.72+ 96.77+ 8550+ 12.17+ 6.77+ 121.98+ 83.99+
0.02ab  0.0la 1.75a 1.45a 11.74b 12.50a 0.70b 0.80a 23.21a 11.61a
BS 8.17+ 7.94+ 1571+ 9.76+ 117.86+ 88.03+ 15.67+ 9.13+ 127.04+ 96.65+
0.03a 0.02a 0.67a 0.51a 13.98ab 1.86a 0.35a 1.81a 8.77a 8.77a
20232024 PM 8.08+ 7.874+ 16.02+ 10.56+ 12542+ 91.67+ 16.73+ 8.82+ 134.64+ 81.45+
0.04c  0.11a 0.54a 1.43a 3.42a 6.39a 1.08a 1.30a 15.82a 8.77a
BSA 8.10+ 7.88+ 15.84+ 10.11+ 121.964+ 90.10+ 15.36+ 8.75+ 129.574+ 101.71
0.03bc  0.02a 0.75a 1.14a 11.08a 11.19a 1.94a 1.17a 15.82a  +15.20a
CK 8.30+ 8.08+ 13.87+ 874+ 80.28+ 63.46+ 1446+ 10.14+ 106.44+ 83.82+
0.09a  0.10a 0.85b 0.90a 5.81b 6.61a 0.30c 0.34b 15.71a 8.43a
BS 8.23+ 8.11+ 1437+ 883+ 94.66+ 65.02 17.65 11.81+ 110.784+ 93.77+
_ 0.02ab  0.0la  0.41ab 0.65a 6.93a 1.22a 0.11ab 1.28ab  10.10a 9.49a
i PM 8.17+ 8.05+ 14.60+ 9.31+ 101.81+ 68.57+ 18.56+ 12.37+ 118.21+ 89.44+
0.05b  0.06a 0.27a 0.64a 1.69a 3.26a 0.93a 1.02a 13.22a 2.99a
BSA 8.20+ 8.09+ 14.49+ 9.04+ 99.30+ 66.44+ 16.85+ 11.39+ 113.864+ 94.50+
0.0lab  0.08a 0.17a 0.28a 5.35a 5.54a 0.93b 0.63ab 4.92a 5.13a
P 2 * ns ns ns ok ns okt * ns ns
[ERIESIE
ns ns ns ns ns ns ns ns ns ns

0
B R S BRE 22 5 TR B AN [R) 5 38 7 AN [R) A FRL ) 22 53 5 3 (p=70. 05) 5 ¥+ IR £ 0. 001 7K - 25 57t G 35 5+
S E G FRIRAE0. 05K 227 B F sns RN EFARZE ., T,
http. // stbexb.alljournal.com.cn

FIRTE0. 01K F-22



o505

PIME TR A < IR 0 T 0 0 Il DX /N 22 0 3 5% B 200 T T 5 4 B 5 T 5

22 WEYEFINERRMEWEZELEHHNTIE
2.2.1 ARFREMEME o IR LA T2 A
Mgt K B %t 40 @ ACE 48 %t . Chaol 48 %k i
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T 22 HAE F (Shannon B4 (R 3) . Jii A 90 d & , 40
o ZREPEFE B A 15d .30 d KA B ERE (<
0.05) . M #7515 d .30 d #1190 d F ¥ H K F ,
BS il BSA 4b # % CK 1 ACE 8 #0575l i & & =

2.98% M 4.04% (p<<0.05) , PM 4 F G i % 22 5 .
BS.PM 1 BSA 4t 3 % CK ) Chaol $& ¥ %) & %
P8 3.79% . 2.77% M1 5.59% (p<<0.05) . it I i 7
15d )5, & 4b B A Shannon 8 8 L 0 & 2 &, i A H
#1130 dJ5 ,BS .PM #il BSA 4b 3 Shannon 38 ¥ 34 . %
T CK (p<<0.05) ; jifi A B 90 d J5 , PM 4b B
Shannon 8 i % H: i &b 2 5 3 F % (p<<0.05) , HiAlh
b FR ) TG 3 2 5
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Table 3 Alpha diversity indices of bacterial communities in wheat rhizosphere soil under different microbial agent treatments

it JH A B ] /d b 2 ACE Chaol Shannon
CK 4 414.534+60.40Bb 4311.94452.14Bc¢ 9.8140.07Ba
BS 4 456.56411.85Bab 4402.93422.94Bb 9.7640.01Ba
o PM 4 559.7649.75Ba 4474.104+5.68Ba 9.7540.01Ba
BSA 4 515.974+110.23Bab 4 508.07429.61Ba 9.7540.03Ba
CK 4 364.474+13.41Ba 4 255.934+15.53Bb 9.6240.02Cc
BS 4 606.654244.95Ba 4 470.274152.04Bab 9.7340.03Bab
. PM 4452.91+115.70Ba 4 396.824116.91Bab 9.6940.06Bb
BSA 4 682.32+260.81Ba 4 572.004+130.00Ba 9.7540.01Ba
CK 5800.70£59.21Ab 5657.88+87.35A¢ 10.08+0.02Aa
BS 5951.19£25.99Aa 5891.01+£22.98Aab 10.10£0.02Aa
. PM 5823.18£70.21Ab 5749.48+113.52Abc 9.9940.05Ab
BSA 5969.87+76.91Aa 5941.58+30.54Aa 10.074+0Aa
CK 4 .859.904+27.34b 4741.924+21.61c¢ 9.8440.02b
1y BS 5004.80+75.45a 4921.404+52.38b 9.874+0.01a
PM 4 945.28+55.81ab 4 873.474+49.57b 9.814+0c
BSA 5056.05+98.04a 5007.22443.03a 9.8640.01ab
Eilsgi] * ok o
e E Py BE R g PN ok sk ok
LR ESIPN ' ns ns ok

222 MIFMmEBHEPSHMG TR HE 20,
Jiti A B ) 15.30.90 d J&5 , 41 T BE I 454 2 A R
(PC1 A PC2) 53 5l il B 5L 72 5 1) 68.30 % .58.30 %% Fil
63.10% , BE 4 g Hb f e J 4 A5 o A B o it A R
15dJ5,CK.BS .PM I BSA 4k ¥ [z Bt 7E PCA & Hh fiE
B, H CK A3 6 PCL I f h , 1 PM 3 A5 78 PC 1
49 1E Sl , 2 B e P 1 700 5 PR B - 9 4 B R IR 45
RAEBREA ., i AR 30dJE,CK.BS fil PM &
BerE PCA oA B4 25, 1 BS F BSA &b 3 BE 85 4%
AT, 2 WA it B A 0 R R S AR B AN B I VR 45 4
L H A AR = AR . AR R 90 d, CK 5 PM
I T RE VR 2H N 25 AR, CK . BS Fl BSA 4b AR B 4
20 DA RE TS S5 A A UM B

2.2.3 MHEmEAEZARG T BRI 3SAHE,LE
P O L e 1 S e QDO o

0.1%) # L 28 J& & 1] (Proteobacteria) . f& #T B ]
( Acidobacteriota) 1 2 B it & ] ( Gemmatimonadota) 4
Fo ARFE A FERE ,HAEAISIE, 5
CK A Lt , BS 1 PM 4b 348 JE B ] AH XF 3= B 43 51 b 25
2T+ 9.02% F1.8.92% (p<<0.05) , BS .PM FI BSA 4t B
PR AT TR 11 A X =F B2 43 il b 25 2 F+ 9.73%6 . 9.62% Al
11.10% (p<<0.05) , PM Ab B 45 2F g B 1A X =F B
AL 7.81% (p=<<0.05) . Wi A 30 dJ5 ,BS.PM
FBSA 4b AR CK AR JE 1/ 177 09 AH X 3 BE 43 il 1 25 42
TF4.98% .5.42% F1 3.71% (p<<0.05) , 1fij 2 #F B 1] Al
ZERRTR T AR X T T 25 . WA 90 d
J& . BS .PM Fl BSA &b # %5 CK 42 ¥ 1 1 AH % 3= B 43
S AT 2.70% .5.4290 A1 3.71% (p<<0.05) , PM &b
PR CK 25 50 B 1) A % 32 B2 W 38 B IR 4.75 06 (p<<
0.05) , T 4% 4b 3 [5] B2 AT 81 T TAH XS £ B2 TC 3 22 5%
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Fig. 2 Beta diversity analysis of bacterial communities in wheat rhizosphere soil under different microbial agent treatments
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Fig.3 Composition of soil bacterial communities at the phylum level under different microbial agent treatments
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Fig. 4 Function—based classification of bacteria
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Table 4 Effects of microbial agent type on wheat yield and its components

G b # /(10" hm™) TR /A TR /g e/ (kg hm™)
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Table 5 Principal component score coefficient matrix of
soil chemical properties, bacterial community
structure, and crop yield under different microbial

agent types

EiEgn Y1 Y2
pH —0.78 0.22
HHL 0.50 0.33
ol i 0.93 0.13
A R 0.90 0.12
g 0.49 —0.37
ACE 0.26 0.92
Chaol 0.40 0.89
Shannon —0.61 0.63
Jii s 0.92 —0.26
RRMR(EN 4.20 2.43
TR/ Y 46.66 26.99
ST/ Y 46.66 73.64

Table 6 Comprehensive scoring and ranking of soil chemical
properties, bacterial community structure, and

crop yield under different microbial agent types

b Y1l Y2 A ¥
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