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Abstract: [Objective] The objective is to investigate the short-term effects of organic fertilizer, soil

conditioner and their application rates on the soil bacterial communities in the soil of open-field vegetables.
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[Method] A field experiment was conducted in 2023 at the Liiyuan Vegetable Base in Lin’ an District,
Hangzhou City, Zhejiang Province, using a two-factor randomized block design with three replications per
treatment. The study examined the effects of three organic fertilizer application levels, namely no organic
fertilizer (NOF), low organic fertilizer (4.50 t-hm™, LOF), and high organic fertilizer (7.50 t-hm™, HOF), on
the soil nutrient contents and bacterial community structure of open-field vegetables (Solanum melongena)
under three conditions: no conditioner (NSC), low conditioner (0.75 t-hm™, LSC), and high conditioner (1.50
t-hm™, HSC). [Result] The increase in soil conditioner application rate significantly increased soil pH and
the contents of available potassium, available phosphorus, and organic matter (P<<0.05). The increase in the
application rate of organic fertilizer increased soil organic matter content, but significantly decreased available
phosphorus content (P<<0.05). Different fertilization treatments had no significant effect on the a-diversity of
the soil bacterial community. LOF treatment significantly increased the relative abundance of Firmicutes and
Thermoproteota under HSC treatment mode. Under NOF treatment, LSC treatment significantly increased the
relative abundance of Kouleothrix. Correlation analysis showed that the relative abundance of Actinobacteriota,
Proteobacteria and Firmicutes was significantly positively correlated with soil pH and soil available phosphorus
content (P<<0.05), while Myxococcota was significantly positively correlated with soil available nitrogen, total
nitrogen and cation exchange capacity (P<<0.05). Soil available phosphorus, alkali hydrolyzed nitrogen, total
nitrogen and soil cation exchange capacity were the main environmental factors affecting the bacterial
community structure. Co-occurrence network analysis indicated that the application of both soil conditioner and
organic fertilizer altered the co-occurrence network patterns of soil bacterial, while HSC and HOF treatments
increased the complexity of the bacterial co-occurrence network. [Conclusion] The 1.50 t-hm™? soil
conditioning agent treatment can improve the nutrient supply level, optimize the bacterial community structure,
and enhance the soil health. The combined application of high conditioning agent and low organic fertilizer
yields the best results. High organic fertilizer treatment is more beneficial to the health of soil used for eggplant
cultivation.[Ch, 6 fig. 4 tab. 34 ref.]
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L IR T M TUAE W) 2 REE R B E T A e, I B e A B S R
1.4 HIESH

K1 SPSS 26.0 HEATECIE A9 RLUR 7 224347 (two-way ANOVA), Ffd 1 X5 5% (Duncan) #5356 A [
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PERMANOVA) £ 56 A~ [5] 45 A/LAE sk 3% 2 700 b B 1] + 398 20 PR B P8 25 A 22 S i B 3 e, R F RIBEE I
igraph f R4 HL TG ] AR SEPEI 4, 5 B Gephi 0.9.2 %I A M4, [FIFHTEA S 4 HMEEL,
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Chloroflexota, JEBEE[] Firmicutes, % ] Myxococcota, #HLif0 1% ] Gemmatimonadota A1 it &7 T & ]
Desulfobacterota, #ZJE [ ] Thermoproteota F1 F! JE & 5[4 [ '] Methylomirabilota 55, S 31X} 4= B 15 F)
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Table 1  Soil chemical properties and nutrient contents under different treatments
b ol ﬁ?ﬁl’fﬂl /1 ﬁiﬁlﬁ?&/] it ”;FE/1 ﬁm@ ﬁ@l e ?iﬁl%i/
(mg-kg) (mg-kg™) (mg-kg ) (g-kg) (g-kg) (cmol-g™)
NOF 6.80+0.03 Cb  376.00+20.21 Ba 30.21£2.26 Aa 135.35+15.04 Aa 32.08+1.97 ABab 1.79+0.19 Aa  6.19+0.70 Aa
NSC LOF 6.75+0.01 Ab 417.00£10.39 Aa  16.10+1.77 Ab 115.30+5.01 Aa  29.31+0.41 Cb 1.54+0.25 Aa  5.54+1.05 Aa
HOF 7.07+0.08 Aa  426.67+44.74 Aa  13.83+1.48 Bb 110.28+5.01 Aa  34.55£1.05 Ba 1.67£0.06 Aa  5.43+0.03 Ba
NOF 7.09+0.05 Ba  336.33£11.79 Bb 21.76+0.41 Ba 105.27+8.68 Aa  28.94+0.22 Bb 1.63£0.09 Aa  6.33+0.12 Aa
LSC LOF 6.87+0.12 Aa  513.00£11.93 Aa 22.00+£2.70 Aa 125.32+£5.01 Aa  36.95+0.42 Aa 1.77£0.05 Aa  5.93+0.49 Aa
HOF 6.89+0.15 Aa  494.33+47.01 Aa 21.53+2.69 Ba 115.30+5.01 Aa  38.92+1.14 Aa 1.73+£0.10 Aa  5.68+0.41 Ba
NOF 7.42+0.11 Aa  737.00£17.90 Aa  36.24+2.50 Aa  130.34+13.26 Aa 34.98+1.83 Aa 1.83£0.12 Aa  6.35+1.28 Aa
HSC LOF 7.12+0.14 Aa  455.00+47.92 Ab  20.59+4.59 Aa  110.28+5.01 Aa  32.19+0.88 Ba 1.75£0.12 Aa  6.38+0.44 Aa
HOF 7.21£0.12 Aa  539.33£39.57 Ab  33.93+£2.63 Aa 125.32+10.03 Aa 36.42+0.29 ABa  1.70+0.04 Aa  7.56+0.37 Aa
SC Hokok ook ook ns ok ns ns
OF ns ns HxE ns HkK ns ns
SCxOF ns HxK ok ns *rK ns ns

YL R AR . AR RS F R R A R A WU T s 2 fF T, S [ 98 B0 5 P o A B ) 22 5 35 (P<<0.05); A

[F) /NS )3 7R 1A ) - S VR BR AR it FH B 45 1, R TR) A8 AL it FH A B ) 25 57 {8 35 (P<<0.05), * | ** | %43 JIIRIRAE
0.05, 0.01 F10.001 /KF FEZFEZE; ns TR BFALESR, NSC. A ; LSC.ARJHHFI LI ,; HSC. miHB a3,
NOF. NitifiHUIE; LOF. XA MUIEAEE; HOF. mAYUIEALRE, SCAVUELREL; OF. A HLEARE,

x2 AECETIEMAREESHEMEE

Table 2 Diversity index of soil bacterial communities under different treatments

AbFR Shannonf§ 4§ Chao 14841 Qb PR Shannon§ 4 Chao 184X
NOF 10.474+0.34 Aa 3446.10+£702.30 Aa NOF 10.71+0.17 Aa 3709.75+£545.85 Aa
NSC LOF 11.04+0.10 Aa 4808.17+159.99 Aa HSC LOF 10.87+0.11 Aa 4531.79£191.07 Aa
HOF 10.97+0.08 Aa 4828.16£173.94 Aa HOF 10.87+0.05 Aa 4325.87+269.98 Aa
NOF 10.91+0.19 Aa 4200.94+642.55 Aa SC ns ns
LSC LOF 10.9740.04 Aa 4655.27+99.18 Aa OF ns *
HOF 10.90+0.08 Aa 4618.17+89.10 Aa SCxOF ns ns

VLI . B R P ebrifE 2 . RIRRS FRE R R ARG MU R 2 A, ASTR] R B bl FH A P ) 25 5 3% (P<<0.05); AR
Rl /NG SR 7R FE AR [R) - 8 50 it FH B 2 A, S IR LAt ) e A B ) 25 57 8 3 (P<<0.05), *, ** | x5l IR 7E
0.05. 0.01 #110.001 /K F2REE; ns BRBEARERE, NSC. AT ; LSC. MLIHBEFIALHE; HSC. EiH BRI,
NOF. AJitig MU ; LOF. A HLALAL 3 ; HOF. mA ML, SCAHLALANE; OF. A HLALAN,

& 1B AT AN At AR AL 38R DA R o GWC2 73 18, R 22T & Kouleothrix . W ASALER T4 &

Nitrosocosmicus . S5 BT E & Sphingomicrobium . VBCGO1, JABFSMO1 . H 3L & Methyloceanibacter
IR B Mycobacterium . 5 V.18 J& Gaiella F1 WYBLO1 45, HoP DL GWC2 73 18 MIXFF e,
1.48%~2.94%, H R . WAILERTFE . JABFSMOL . 43 H0FF 5 i A1 56 7 58 2 AN ) i A b TR
WA REZER ., TEAANUCIET , s S b 2 252 w1 3BT s A AR X 3 B (P<<0.05).
232 @MARBRAASL LEREAAXESH KR Pearson AHCHE Tk IR ST LR N 5 40 TR
BRI T KPR R Z [ AR et (B 2A) . S5ARHT . T pH FEACH T i /04 5 IR RE TR T ] 09 A X
JE 2 W EAROC (P<<0.05), SRR TR AR 3 B A 0 2 A OC (P<<0.05). T34 MLJBT I it 0 35 5 ik
R VR RE D T A AR 32 B 2 10 3 A OC (P<<0.05).

H1[E 2B AIA0, ST RS0 JABFSMOL a5 7 TR Ja (4 AH X =F B 52 9 38 IEAHSG (P<<0.05), 5
ST Ak B TR R R A3 AT TR TR AR R = B2 2 il 2 SRR OG (P<<0.05). I HILJT BT ot 43 405 R 22 T F 5
BRI JE AR AR = B2 22 J 25 U 56 (P<<0.05)
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Figure 1 Community composition of soil bacteria at the phylum(A) and genus(B) level under different treatments
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Figure 2 Correlation analysis of soil physicochemical properties with the dominant bacterial phyla(A) and genera(B)
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ST Bray-Curtis F5 55 (%) - JEA0 R v AF B2 B 2 4EAR 0 Bl RS B - S [ 080 3850 it FH) 0 200 o A 7
ZEH) BA WE R (P<<0.05), HAP R REBEA] (R=0.11, P=0.007) AUEIHHEH] 43 (R=0.24, P=0.011) 5
VR B 2 R AEAE S 25 R, TN T Ak B S A R b B 2 ) 22 AN 3 (1] 3A) . AN R HILAE it
OO AN RIS A5 A A A R (] 3B).

BN R MR AR 3T 5 i) - 40 B PR V% 25 4 I R B8 AT 0 AR T (181 4) 25 SRR . R [RJH B
A SA DU AT, PREE R 7 IR 1A R VR 25 F 28 S 1Y 85.10%, il 1 iR Ry 56.96%, il
2R R 28.14% b A A ROWE I i A0 A0S b M AN TR RE IS R O E B S AR R IE AR OGO R
(P<<0.001), S50 4H R I5 10 O E HIE IR . Ak, SR (P=0.007). 2% (P=0.004) FlFHES F3c4
H (P=0.003) 5 T+ HEAN A IR 22 (R A7 7F B3 IE A OGOC 2R, JR R AN B Y 10 2 28 - R 1
25 TEMARBEHIIMESN

S FEAN ) 3R R KA AILIE At o S R RS, A R T 2 A DR 2R A AN B
R I IR 25 1] AN [ 3] JHL) it FH kb 2 S A DR R I TR B 0 28 AN ) 5 B o S5 RER I ANt R B
RCIRI BT A #E R W S AR T I8 R BRI, (AR T AR e RT3 Y 24 7 e R T



Fa3EH XMW OBERRE . BR B SR  EAN R AR A HIUAC - - S R 15 ) R e 7 A 7

A 02 B 02~
A A < 4«
0.1F 0.1} P
"= o AA A % o < <
O-. -.:.‘° A ol . :.:“ <
o [ N % o
é—m e . §—01 i ) ) *
A
Z Z
02 L [ ] ° —02L [ ] *
R=0.225 R=0.006
~03| P=0.001 ~03] P=0.355
5=0.070 §=0.007
_0.4 1 1 1 J —0. 1 1 1 1 J
-0.25 0 0.25 0.50 0.75 -0.4 -0.2 0 0.2 0.4 0.6
NMDSI1 NMDS1
W RS @ [RIHES A mIEET ® FHiAIIE @ KAHIE 4 &maEIE
R, LIREMUAREE 5 AT 2 A OC R A P, 3R AR B VA S5 AL B ) R A OGP S 3K F(P<<0.054 5k 3); S, F/XNMDS
BOHLA LR o

B3 IR ARR LML T SRR T AT

Figure 3 NMDS analysis of soil bacterial communities

¢ LA O 0 1 TS IR 358 TS ) 0 ot i s

SLEIN T LA RN, 5 | R

REFRA R SR R 2 A TR (3 3). frHU :

HILE TR UL, (A7 HLAE A 25 7 LA AL 32 g 1A L ene

AL T TSN L B4 . AT HLI G - e Zol . T TS L

B 2 A 1 R LRI 54 HLIE 2 | my

b B ) - 90 40 T B I 2% A AT LA b 3 4T 2 SRS Lu

(F 6). 4 WTLIFH: R HUIRL BT A 2 ol

SUHC. TR RITR BIR R h I, M fl . . | . .

Wk, BT R , - I 4 AR R * 7 rom keven) )

PRTEHERR B, RIS AAH AR D, (LA 32 4 v o AR o (G - FiREA

YL, BT 2/ R s bk TMRILE © R ® B
B4 LR s A ST

3 ‘H’ '%} Figure 4 Redundancy analysis of soil bacterial community

3.1 ARENEEFREHEHEREX T EEL RN

Jit A BE 05 36 3o 2 3R O B S AR e R B, (B TR RIS R B o 25 R, X Y
pH FI SR AN RS AR i b SR A SR b, L8 pH X SR A L R A
e A KR R A R B B AT A B A HUIE A BT Ak ™ Az i 4 o e v At
HEmRYE, P Lo pH, MR OR AR AR R SRR . (AARHISE B, A WL A 1 pH JC 2

AN A 3 7 MG 7 o R B
TR AT T KA TE O, A RN SIEEEERE G ERROR A LA AR, i
FRAORIEAC A AR, SREOERSRR PRI A BAE .

S5 RREGAZRN A Z AR L i I 2%

Figure 5 Soil bacteria co-occurrence networks under different application rates of conditioner agents



8 RN/ NI NI e 14 2026 4F X A 20 H

FRW, ATEAEBAEEET, EAIEEN %3 RAEEENGEASAEHEMEEELN

AR, 3 pH B ETF, X 5% sy AR o4& = R FMER

Ej{ %é;j::: %gﬁl . + i‘giﬁij }Efﬂj Xd‘ﬂ: ij%f:fi}ﬁ Iﬁ”i/ﬁ\_ﬁ Table 3 Main Topological p‘rf)perties of cc-)—occurrence .net\.vorks of soil
ﬁgﬁ E /‘] i)—l;ij _'ﬁ ’ﬁf JEH o ZIK ﬁﬂ: % ':P , Z: ﬁﬁ ﬁ 7m, i ALI‘}E—FF@ lcazli;eirtlizlniz(::;ne::nes under different application rates of
& H B 3G, R pH BE . X2 G o e g T ERDE UG
e T VAL T 05 0 P R 4 W i et R T ke o

R B P M B I o+ 48 pHL AR T . XSRS R gzﬁﬂ 1012 833 1646 1618 9592 408 0985

Ep ) (S G A, i

EHATHUR AR S RO R LI T T e 0% 300 1304 1285 80741026 099
*E'E;F/ﬁo Z,Kﬁ%ﬁ}ﬂ Fﬁ%ﬁﬂﬁﬂﬁﬁﬁﬁ%ﬂ’ﬂi&ﬁhﬂ, + jﬁiﬁ 1424 2677 3.760 3.657 78.74 2126 0.826
OB TR B RV, TR Tl L
BB AE R, BAPERCH, S ECLHR A

RHATHLIE (AR FATBLIE
R AT @, AN I SRR IE b SRR AR 2 [ L, 40 i
BT R M FL I %5 (B SR SO FL A,

B 6 RRAAUIEHEN A 2 m £ %

Figure 6  Soil bacterial co-occurrence networks under different application rates of organic fertilizer

HOPEREAR . TRIE, IDEBRTE S PERGR, MR %4 AEGHIEERSAE HEmEEEEn

FEC A R R T AR 22—, BEEE T W 4% £ ZHRFMER

ggﬁa Iﬂ?ﬂj&ﬁ HLHB B/‘] Bﬁﬁﬁ , i%ﬁ*ﬂﬂ%ﬁ%ﬁﬁm Table 4 Méin topo.logical prop'e'rties of the' co—occurren'ce 'network of
%%ﬁ%ﬂ% ’ _HJJ%—JIE ﬁu EHMHE B/‘Jﬁ_'é__EL’ﬁzFHX‘—J'i Zj;la:?:zj::i:;)rmmumnes under different application rates of
SR PSR ISR A R R, U I B T T T L eI
AR AU e, g e T i e e P
AP AR ETE, S AHUILECHE A BY T8t + EZ}%HE 2066 52277 50.607 46873 9105 895 0438
ST HLIR 55K L

32 ARAABHERANEEREN LRAMSHE  pum 7 90 LD 197 2652755 098
AR SE RS I }iii}é 1502 3175 4228 4.109 69.83 30.17 0.784

AR AR RGP MAY REE CHIER, K
ZFEE KT s e 1= S (R B X E Y A K= A s Y, AR R . ARRIGAE Jr U S X #E2 £
AN TR W B A 2R = A B Y, PR WSS it R B ] 4R R - A R AR
B R RErE . BUSE S AT W o kBt FH A MUIE R AR B X AR . AR, AFEARALEE T +
B o ZREMEIFEA B2 . T HEANE Shannon $55URT Chao 1 35 £ A HLAE it F = (38 g LT,
HZERIEARE, TS VHERIAE T 2R BN TR, PRI B T v B Ak BT R 40 v 22 A
FEAE— 7 AR FH

ABEFAET KB AT SR« R T TRV TR 1R 112 340 A DR 3R EE , AR 3= B 430 R
20.27%~29.13% F1 21.80%~26.40% . it FHAH A S B AL BT, A HUIEXT A M A BoE s, biE
A MU R 03B 1S, FRERRT] . BRAT DA T T RIS S T T AR 3 B Rt v, T VR 1 DR R = 8 ) 2




Fa3EH XMW OBERRE . BR B SR  EAN R AR A HIUAC - - S R 15 ) R e 7 A 9

RS X IR RESE TR A T MR s pE R, HECR AE T SR T A ML R R, i
TAME e, o B S RGTIRERY, I ERE B I PR AR S I A8 14855, A HLAE it v]
eI A Z AN, 8 5T IR e il RE G R 0 AR K . A AR A MUIE AR B, Bl
PABEF Gt BB, AT AR BT BRAT TR RN 2 B TR T AR X 5 S B g Kk, (H
TE = A DU AL IR T AT = B2 32 2RI REAR, SRUTEA MUIE AL 6 A PRV i 5 ) B e et

FEAN ) ] Bt FH R Ab R, BfE A MLAE it FH A 0BG, S R R A T B R X S S A
HREAL, WA FE AT B R T 25 . A FIE RO, AT B8 mT i S e HE R S I
B, DRI E K, DR SRR X SR R . AR A R HUIB AL R, AT R A
SR BRT AT = R it R SR it ) P 38 I TR A, TR L TR L A AR A AN AT R R
AT B B 2 3T WANALER B e AR R A R, UHAE S S NI RIS R .
BTt P 1t 3G AR A AU h B S R R 2, R T R AR R A . R AT T X IR
75 Yy A W RE 1, ELZERRIGRRA R 3EVE T, PB4 T 9% pH, W HEEMANLIE, 25
WRAG I T O 3 B A IR 45 A

BT RN AT AT 6 it FH 3 ot 5 o SR T, ()X - A W O A B A A T RE R A R
ARG R : LTS T pH R A BT /0 A A 35 TE AR OG . IXRRUE TR SR 4 & AR PR B b AL
PR, AVl B R B OCHE R . X R MAGIESE T “HBEiese” BIe /e 30
YRR AP I E N, HER TR DI S I T2 M FE R . ZHEETIRY
pH S IEMSE, X5 P3S4 A T e Y 2R X — 2 A A5 UL — 30 3 LA S A =X ok T
A RGO AR AL T E B AR, oA IR E YRR DGR A S T RE SR AL T Bk TE .
Kl 4 Af1: JABFSMOL Al a6 W 16 & 5 T3 R BT it 40 A0 3 IR ARG, WTRE Rt T EN1E IR
A SCH A O, EIREHEAVEANT L, S 5EEEHU SRS AR SRS . X ETRe i e
R SRR S B E TR .
3.3 YA B L M IR M R AL

AT AV BE o 22 bR BE A3 AT 245 R AN it 18 HL R 5 s 0 R A B 2 ) 40 R T T A A A B 2
S, U R PR BN 0 - AN R TR A A A W R . TUAR TS SRR R R .
A RATTE S EONINE 3o i S T3 AN R 5 2 S IR . AR A AR
KSR AT, E B RIRLON , SR A BRI A IR R TR S5 . AR, =i
BT b P A SR TR LI X 2 SE R T B B TN B BT R IR R B v T A it R R AR )
PR, AR /N TR 2 AR, BRI RE R e T SRR SR I R N R . IR B ) b 2
AR B B R I IS AR AR R R A B, iR A AR R PR A — T
FH T VRS AS B (TR A 23 52 e 138 pH,  FT A BGRB8 A T A VR L IRV BR A B T B 2
IHIERR AR, NI FEUNGE Z 2B TR 5 —J7iH, R A0 0 25 4 AT i 2 o2 + 1AL,
B fi, SFEUFER NASTEET]) R RS sz IR, i S20  ea MUIRMR S 5%, HEfE
KRN PRI R, X — 4 5 YUAN %501 ByBFoE 4 50— 30, R 30500 o B X (R 55 1
SN e e IR 285 s BC S 0B T % . EARIA NS AT, 1A DUIE B B A T /285
SRR, (RIS T ML RERE . ANt A HLAC (4755 - 8 20 B S B0 X 26 HLA T i (Y RO 45 2 B, 6
it FH A HLAE S T AN B () LI 48 3 P A5 . ANt HLAE AL B N 25 254 e 52 2%, TR ) F— A>3
K. WANG S BIFGR 45 R0 . AN A HLAE 35600 40 P90 246 110 1 o532 30 1 EL it A HLIE /&7 29%~34% . L
Ab, CHEN 25530 8 . it AE A B A 88 5 B Al 3 Fham B M R VR, A LR 5 20 fe sk vl ok o — TR
FIF, VIWrEIRE 2 i S SO it A Ak A0 L X 48 44 o5 il v 2 T MLAR AL B, 3 S5 AR 9 25 SR —
. CHEN %PV BEGY K : (A LA HE -S40 B 2 R0 LU AR HUIE AL BAS, B BT sa pUe st
B, A PSR A A R IR A S B S PR G, DO S B B RSB RIS, R A0 e
CORUEARILAE S 55 3E e A B MR BRI T m A LIS AR R A BRI AT R, O N AN R T 4R
HAMNEL” B AAEAS ], R AR T ARG A HLIE ST BRI MBS (HE A VUIEL LS



10 WroIL R R K A R 2026 4E X H 20 H

AYUEE L ZRIRER, TEABFEIMZS, EATHUIL b 804 ML )R B0 A B85 B RIS &, ssib
WA a4, (RO IE 2RI Pl s ml LA, 3 B0 S5 A HLAC ISC 5 vl e i e vy L b i 8 R 26
TERCA i WA 1, DUA T RN BRI P 4k, TR I 1 - M mp B8 SR I RO 1 AR X 2, i
TIEAMBREA ST AR E . R LR LRTIR, ANRIL IR L A F RER G, A L TR IR B AT HL
HEAL B, v e BE AN FIA LA Ak B AR B r 4R s AT o R 25 AR 1, DL AR I 28 2544

4 ik

A BER) R LA i 2 2 e 3 pHL A HLBORT I R TR 20 S A s R 5 AN i A ) Ak AR
P, e EER A PR AR T R R MR A B A B S R A R A i R
Rt P 49 A 2 v

TEAR R HLALHE FHAL BT, AN TR AR b P o 25 At T M I 4 . Al . el &
SRR BH B8 A2 8 2 ) - SR A TR RE 7 2 R 1) TR BRI PR 7 v )] L 7R Ak AR ) - S 4 7 e R 9 2% LU AN 1
BHRUFIEC S BRI AL BE A R 25 BE 2 s SIRAHUICAEBAH L, A PGB i T A L B M 28 i SR 2R 2

EASRE, e R A HLAC it X ARt e B v o, (MR M EERE, 1.5 thm™
JHHGRA 4.5 ¢ hm > AHUICAE R BEN] AU R L B0 2% ST TR K F-

5 ZFX#

(1] 25, 25t BREAR, 45, FREhIEHh X iR itifh 3 - e i 5 36 BRASHE (7], P B R 3 S5 M08} 2021(5): 303-309. WEI Dan,
LI Yan, QIN Chengcheng, et al. Soil barrier and countermeasure of protected vegetable in the Bohai Rim[J]. Soils and
Fertilizers Sciences in China, 2021(5): 303—309. DOI: 10.11838/sfsc.1673-6257.20390.

[2] #FEFEE. B ELFRDT IR rs2m 500 (D], BH: =~ K24, 2019, CAl Jiahui. Effect and Evaluation of
Greenhouse Intensive Planting of Vegetable on Soil Quality[D]. Kunming: Yunnan University, 2019.

(3] Wrdatk, FFRRH, )52, 4. - 50R BRI AEEY L& Biia T T seE A (], MW 2 2%, 2025, 4(2): 67-73. CHEN
Mengle, ZHOU Zaiyang, LU Jun, et al. Functional role of soil conditioners in the prevention and control of crop soil-borne
diseases[J]. Plant Health and Medicine, 2025, 4(2): 67—73. DOI: 10.13718/j.cnki.zwyx.2025.02.008.

(4] R, XUmRLE, Flibes, 2. (A - e BRI Cd 15 YR EME R ROR (1], Al BEIRS FRIE-2 41, 2024, 41(4): 880-890.
CHEN Chen, LIU Xiaoji, KE Xiaochang, et al. Study on the remediation effect of different soil conditioners on Cd-
contaminated paddy fields [J]. Journal of Agricultural Resources and Environment, 2024, 41(4): 880—890. DOI: 10.13254/].
jare.2023.0568.

(51 ZRUKUR, SHAAR, VA7, S5 I SR 0 FH R Bt FH XU IS (0] R0l PREE R #2741, 2021, 40(6): 1141-1149. SUO
Linna, MA Jie, LIU Baocun, ef al. Soil conditioner application status and application of risk research[J]. Journal of Agro-
Environment Science, 2021, 40(6): 1141-1149. DOI: 10.11654/jaes.2021-0364.

(6] k55 &L, i DU AT A 43 9 35 500 7 ey 2148 X 3 B i g 8RO, AR g el 22, 2019, 7(4): 1-5. CHEN Yonghong.
Application effect of tebeigai soil conditioner on vegetable in red soil areas of southern China[J]. Southeast Horticulture,
2019, 7(4): 1-5. DOI: 10.3969/j.issn.2095-5774.2019.04.002.

(7] VP3¥%, BdE, TOKH, 55 BBEATIG 78 X T HEIRR 1L B 3 i i IO BT A e R AR [T]. B2 2 7274 (FLARBR ),
2020, 25(5): 336—343. XU Lingling, ZHANG Qian, WANG Yongming, et al. Effect of calcined oyster shell powder on soil
acidification and fruit quality of mushroom melon[J]. Journal of Jimei University (Natural Science), 2020, 25(5): 336-343.
DOI: 10.19715/j.jmuzr.2020.05.03.

(8] i fa s, X[ M, BUSE L, 5. Rua 7oA B 1A IR A Pl 4 398 1R A i IR BR 512 o i 2 iy (). v [l b 38 S5 08,
2024(10): 136—141. CHANG lJianwei, LIU Guoqun, YAN Wenting, et al. Effect of replacing lime with oyster shell powder
on soil acidification improvement and fruit quality in orange orchard[J]. Soil and Fertilizer Sciences in China, 2024(10):
136—141. DOI: 10.11838/sfsc.1673-6257.23753.

(91 Mkt FRI, R B, 45 A LI b 3 Xk 55 4 £1 398 20 B R v S 6K AR 7 T s e (], BREEFRL 2, 2023, 44(12):
6965-6972. LIN Tingting, ZHENG lJie, ZHU Guofan, et al. Effects of organic fertilization on bacterial community and
maize productivity in dryland red soillJ]. Environmental Science, 2023, 44(12): 6965—6972. DOI: 10.13227/j.hjkx.


https://doi.org/10.11838/sfsc.1673-6257.20390
https://doi.org/10.11838/sfsc.1673-6257.20390
https://doi.org/10.11838/sfsc.1673-6257.20390
https://doi.org/10.11838/sfsc.1673-6257.20390
https://doi.org/10.11838/sfsc.1673-6257.20390
https://doi.org/10.11838/sfsc.1673-6257.20390
https://doi.org/10.13718/j.cnki.zwyx.2025.02.008
https://doi.org/10.13718/j.cnki.zwyx.2025.02.008
https://doi.org/10.13718/j.cnki.zwyx.2025.02.008
https://doi.org/10.13254/j.jare.2023.0568
https://doi.org/10.13254/j.jare.2023.0568
https://doi.org/10.13254/j.jare.2023.0568
https://doi.org/10.13254/j.jare.2023.0568
https://doi.org/10.11654/jaes.2021-0364
https://doi.org/10.11654/jaes.2021-0364
https://doi.org/10.11654/jaes.2021-0364
https://doi.org/10.11654/jaes.2021-0364
https://doi.org/10.11654/jaes.2021-0364
https://doi.org/10.11654/jaes.2021-0364
https://doi.org/10.11654/jaes.2021-0364
https://doi.org/10.3969/j.issn.2095-5774.2019.04.002
https://doi.org/10.3969/j.issn.2095-5774.2019.04.002
https://doi.org/10.3969/j.issn.2095-5774.2019.04.002
https://doi.org/10.3969/j.issn.2095-5774.2019.04.002
https://doi.org/10.3969/j.issn.2095-5774.2019.04.002
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.19715/j.jmuzr.2020.05.03
https://doi.org/10.11838/sfsc.1673-6257.23753
https://doi.org/10.11838/sfsc.1673-6257.23753
https://doi.org/10.11838/sfsc.1673-6257.23753
https://doi.org/10.11838/sfsc.1673-6257.23753
https://doi.org/10.11838/sfsc.1673-6257.23753
https://doi.org/10.13227/j.hjkx.202301133
https://doi.org/10.13227/j.hjkx.202301133
https://doi.org/10.13227/j.hjkx.202301133

Fa3EH XMW OBERRE . BR B SR  EAN R AR A HIUAC - - S R 15 ) R e 7 A 11

202301133.

[10] HEESE, JEE. HOMEA PN L2 5 . WS 3 s [1]. 4ol BHEE R, 2024(12): 76-81. TANG Xiwen,
ZHOU Xuan. Effects of increasing organic fertilizer application on yield, quality and soil quality of Chinese flowering
cabbage[J]. Bulletin of Agricultural Science and Technology, 2024(12): 76—81. DOI: 10.3969/j.issn.1000-6400.2024.12.
020.

[11] WANG Hengfang, LIU Honglin, YANG Tianhong, et al. Mechanisms underlying the succession of plant rhizosphere
microbial community structure and function in an alpine open-pit coal mining disturbance zonelll. Journal of
Environmental Management, 2023, 325: 116571. DOI: 10.1016/j.jenvman.2022.116571.

[12] skTig, sk3F, Febel bel, 45, 56 5 15 Y] 1 e WO RE v 22 REVE RN 0 A2 ], AR 28352741, 2016, 25(3):
517-522. ZHANG Xueqing, ZHANG Qin, CHENG Yuanyuan, et al. The impact of heavy metal contamination on soil
microbial diversity and enzyme activities in a copper mine[J]. Ecology and Environment Sciences, 2016, 25(3): 517-522.
DOI: 10.16258/j.cnki.1674-5906.2016.03.022.

(130 AR, TAFS, Ak, 55, AP o5 A DU S i 5 A L IIE 7 5 40 VR 250 22 57 BOG 2 (00, IR, 2024,
45(7): 4218—4227. HOU Jianwei, XING Cunfang, YANG Lilin, et al. Differences in soil fertility and bacterial community
structure between carbon inputs such as biochar and organic fertilizer and their relationship [J]. Environmental Science,
2024, 45(7): 4218—4227. DOI: 10.13227/j.hjkx.202307062.

[14] CHEN Dan, WANG Mei, WANG Gang, et al. Functional organic fertilizers can alleviate tobacco (Nicotiana tabacum L. )
continuous cropping obstacle via ameliorating soil physicochemical properties and bacterial community structure[J].
Frontiers in Bioengineering and Biotechnology, 2022, 10: 1023693. DOI: 10.3389/fbioe.2022.1023693.

[15] LI Junren, CHEN Xiuzhen, LI Simin, et al. Variations of rhizospheric soil microbial communities in response to continuous
Andrographis paniculata cropping practices[J]. Botanical Studies, 2020, 61(1): 18. DOI: 10.1186/540529-020-00295-1.

(16] & anih. s gfenlh fb =40 7 i IM]. db st B Ak B 1 it , 2000. LU Rukun. The Analysis Method of Soil
Agricultural Chemistry[M]. Beijing: China Agricultural Science and Technology Press, 2000.

[17] 32, 43058, TR, 25 RO BUL Kl A O 3 iR 11 2R AR (g b A MUBRFR 2R [T, 132441, 2024, 61(1):
223-234. TU liaying, JIN Wenhao, SHENG Weixing, et al. The change in dominant mycorrhizal fungi type induced by
stand transformation affects soil organic carbon accumulation[J]. Acta Pedologica Sinica, 2024, 61(1): 223—234. DOI: 10.
11766/trxb202206210271.

(18] B4, 24, IR ST, 55, KW IE T s 2n G N 7 i Ko AR = s ma iz (. A5 7 S IERLFA4H, 2018, 24(6):
1484-1491. HUANG Xingcheng, LI Yu, BAI Yijing, et al. Evolution of yellow soil fertility under long-term fertilization
and response of corp yield[J]. Journal of Plant Nutrition and Fertilizers, 2018, 24(6): 1484—1491. DOI: 10.11674/zwyf.
18174.

(197 SBHREL, 2Kk L1, RS, 45, IR A B At PG HLAC X AR H - S fh 2 T R i A it szl [0 e R0l
KEz4, 2022, 27(11): 177-186. GUO Zhenwei, LI Yongshan, CHEN Mengni, et al. Effects of long-term straw returning
and organic fertilizer application on the soil chemical properties and microbial quantity of continuous cropping cotton
field [J]. Journal of China Agricultural University, 2022, 27(11): 177-186. DOL: 10.11841/j.issn.1007-4333.2022.11.15.

(20] BEBR, 2 JL, SBITIE, A5 AT HLIEXS - HEGh B W e i 5 A 52 i B 0F 5 R e (0] v [ A 2 41, 2023, 39(3): 88-96.
HUANG Yingbo, LUO Fan, GONG Xuejiao, et al. Effects of organic fertilizers on soil microbial community characteristics:
research progress[J]. Chinese Agricultural Science Bulletin, 2023, 39(3): 88—96.

(211 B a7, AR Z T, J et A0 O B A HLAE X B 1 4 r) e R AR B e EH B8 1 A BT e o (0] Al R,
2021, 60(12): 25-30. LUO Kewan, ZOU Aiqing, ZHOU Fuzhong. Study on the improvement effect on acid soil and on the
suitable dosage of Yishizhuang commercial organic fertilizer on potato[J]. Hubei Agricultural Sciences, 2021, 60(12):
25-30. DOI: 10.14088/j.cnki.issn0439-8114.2021.12.005.

[22] SRAhit, FEUA, FAE3C, 45, AN T8 BT X o P 4575 e AOR BOK R s i L] 15, 2022, 54(3): 572-578. WU
Tuozheng, ZHAN Juan, ZHOU Jiawen, et al. Effects of different passivators on immobilizing cadmium in soil and reducing
cadmium uptake by rice (Oryza sativa L. ) in contaminated paddy soil[J]. Soils, 2022, 54(3): 572—578. DOI: 10.13758/;.
cnki.tr.2022.03.018.

(23] B5. AHRIE T LRk il 7 B DAL A T RIF T BE R (D). Z2 Al B2, 2013, 41(14): 6329-6330. YAN Fang. Advance


https://doi.org/10.13227/j.hjkx.202301133
https://doi.org/10.3969/j.issn.1000-6400.2024.12.020
https://doi.org/10.3969/j.issn.1000-6400.2024.12.020
https://doi.org/10.3969/j.issn.1000-6400.2024.12.020
https://doi.org/10.3969/j.issn.1000-6400.2024.12.020
https://doi.org/10.3969/j.issn.1000-6400.2024.12.020
https://doi.org/10.3969/j.issn.1000-6400.2024.12.020
https://doi.org/10.1016/j.jenvman.2022.116571
https://doi.org/10.1016/j.jenvman.2022.116571
https://doi.org/10.1016/j.jenvman.2022.116571
https://doi.org/10.16258/j.cnki.1674-5906.2016.03.022
https://doi.org/10.16258/j.cnki.1674-5906.2016.03.022
https://doi.org/10.16258/j.cnki.1674-5906.2016.03.022
https://doi.org/10.16258/j.cnki.1674-5906.2016.03.022
https://doi.org/10.16258/j.cnki.1674-5906.2016.03.022
https://doi.org/10.13227/j.hjkx.202307062
https://doi.org/10.13227/j.hjkx.202307062
https://doi.org/10.13227/j.hjkx.202307062
https://doi.org/10.3389/fbioe.2022.1023693
https://doi.org/10.3389/fbioe.2022.1023693
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.1186/s40529-020-00295-1
https://doi.org/10.11766/trxb202206210271
https://doi.org/10.11766/trxb202206210271
https://doi.org/10.11766/trxb202206210271
https://doi.org/10.11766/trxb202206210271
https://doi.org/10.11674/zwyf.18174
https://doi.org/10.11674/zwyf.18174
https://doi.org/10.11674/zwyf.18174
https://doi.org/10.11674/zwyf.18174
https://doi.org/10.11841/j.issn.1007-4333.2022.11.15
https://doi.org/10.11841/j.issn.1007-4333.2022.11.15
https://doi.org/10.11841/j.issn.1007-4333.2022.11.15
https://doi.org/10.11841/j.issn.1007-4333.2022.11.15
https://doi.org/10.11841/j.issn.1007-4333.2022.11.15
https://doi.org/10.11841/j.issn.1007-4333.2022.11.15
https://doi.org/10.14088/j.cnki.issn0439-8114.2021.12.005
https://doi.org/10.14088/j.cnki.issn0439-8114.2021.12.005
https://doi.org/10.14088/j.cnki.issn0439-8114.2021.12.005
https://doi.org/10.14088/j.cnki.issn0439-8114.2021.12.005
https://doi.org/10.14088/j.cnki.issn0439-8114.2021.12.005
https://doi.org/10.13758/j.cnki.tr.2022.03.018
https://doi.org/10.13758/j.cnki.tr.2022.03.018
https://doi.org/10.13758/j.cnki.tr.2022.03.018
https://doi.org/10.13758/j.cnki.tr.2022.03.018
https://doi.org/10.3969/j.issn.0517-6611.2013.14.084

12 WroIL R R K A R 2026 4E X H 20 H

in resource utilization of agricultural and forestry waste hickorg epicarp[J]. Journal of Anhui Agricultural Sciences, 2013,
41(14): 6329-6330. DOI: 10.3969/j.issn.0517-6611.2013.14.084.

[24] NING Qi, CHEN Lin, JIA Zhongjun, et al. Multiple long-term observations reveal a strategy for soil pH-dependent
fertilization and fungal communities in support of agricultural production [J]. Agriculture, Ecosystems & Environment, 2020,
293: 106837. DOI: 10.1016/j.agee.2020.106837.

[25] SR, BARMy, BART, S5 A [RIAT LAt P 420 e 210 3 5 el X - S AR G AR ) s iy (0] B AR 2741, 2021, 42(9):
2727-2734. WU Bin, HUANG Dongmei, MA Funing, et al. Effects of different organic fertilizer rates on the bacterial
community of off-season Syzygium samarangense park soil[J]. Chinese Journal of Tropical Crops, 2021, 42(9): 2727-2734.
DOI: 10.3969/j.issn.1000-2561.2021.09.039.

[26] T4k, RIRMR, Wiltin, 5. 6 Y J8 B0 0 o be 208K H /N8 A A S A R AR R A2 L. W Rk oy
24, 2023, 40(3): 531-539. YU Jinzhu, WU Chenchen, JI Haonan, et al. Effects of mineral conditioner on the yield of
sweet potato and ecoenzymatic stoichiometry in a hilly red soil[J]. Journal of Zhejiang A&F University, 2023, 40(3):
531-539. DOI: 10.11833/j.issn.2095-0756.20220487.

[27] JBiSEd, FEOUA, sk a &7, S5, AU S AL W o 0 Stk v b1 L S A R P R AR S ) (D). A B8 PRBE 27412, 2023,
32(8): 1392-1404. GU Meiying, TANG Guangmu, ZHANG Yunshu, et al. Effects of organic fertilizers and biochar on
microorganism community characteristics in saline-alkali sandy soil of Xinjiang[J]. Ecology and Environment Sciences,
2023, 32(8): 1392—1404. DOI: 10.16258/j.cnki.1674-5906.2023.08.005.

(28] skFte, P, Gl WAL REHT B S REAVE HIALRE 55 AR P e 4 5t S [0 B 17720, 2024, 44(1): 1-11. ZHANG
Ruifu, SHEN Qirong. Mechanisms of the microbial fertilizer’ s novel functions and the strategies to enhance its root
colonization[J]. Journal of Microbiology, 2024, 44(1): 1-11. DOI: 10.3969/j.issn.1005-7021.2024.01.001.

[29] JElshay, Bk e, TR, 5. MARAPUIER AL IERT TR A K AR R 3 K 3R R Ts a5t i s (1], 1
HEm e, 2024, 55(5): 1440-1452. ZHOU Xunxun, CHENG Yonghao, YU Xuejiao, et al. Effect of partial substitution of
chemical fertilizer with tobacco foam organic fertilizer on corn growth, microbial community structure and root exudates[J].
Chinese Journal of Soil Science, 2024, 55(5): 1440—1452. DOI: 10.19336/j.cnki.trtb.2024010503.

[30] skFEAR, thidd, SI%.O, 5. HUREE IR AL ZF MO I8 G-1 BU B KRG 23 5 S B /R IE5E (00, vh B AR MBI i6 274z, 2021,
37(5): 1024—1034. ZHANG Baojun, MA Chao, GUO Jiexin, ef al. Inhibition effect of antimicrobial peptide isolated from
Bacillus methylotrophicus G-1 against Botrytis cinerealJ]. Chinese Journal of Biological Control, 2021, 37(5): 1024—1034.
DOI: 10.16409/j.cnki.2095-039x.2021.06.006.

[31] YUAN Minshu, ZHU Xiaozhen, SUN Haoran, et al. The addition of biochar and nitrogen alters the microbial community
and their cooccurrence network by affecting soil properties[J]. Chemosphere, 2023, 312: 137101. DOI: 10.1016/.
chemosphere.2022.137101.

[32] WANG Wenhui, WANG Ning, DANG Keke, ef al. Long-term nitrogen application decrease the abundance and copy
number of predatory myxobacteria and alters the myxobacterial community structure in the soil[J]. Science of the Total
Environment, 2020, 708: 135114. DOI: 10.1016/j.scitotenv.2019.135114.

[33] CHEN Xingyan, GALLIANE T F J, ZHAO Chongyang, et al. Montmorillonite and composite amino acid overcome the
challenges of straw return in cold-region soil: synergistic mechanisms of rapid straw humification and carbon
sequestration [J]. Agronomy, 2025, 15(8): 1979. DOI: 10.3390/agronomy15081979.

[34] CHEN Jun, DU Yichun, ZHU Wei, et al. Effects of organic materials on soil bacterial community structure in long-term
continuous cropping of tomato in greenhouse [J]. Open Life Sciences, 2022, 17(1): 381-392. DOIL: 10.1515/biol-2022-0048.


https://doi.org/10.3969/j.issn.0517-6611.2013.14.084
https://doi.org/10.3969/j.issn.0517-6611.2013.14.084
https://doi.org/10.3969/j.issn.0517-6611.2013.14.084
https://doi.org/10.3969/j.issn.0517-6611.2013.14.084
https://doi.org/10.1016/j.agee.2020.106837
https://doi.org/10.3969/j.issn.1000-2561.2021.09.039
https://doi.org/10.3969/j.issn.1000-2561.2021.09.039
https://doi.org/10.3969/j.issn.1000-2561.2021.09.039
https://doi.org/10.3969/j.issn.1000-2561.2021.09.039
https://doi.org/10.3969/j.issn.1000-2561.2021.09.039
https://doi.org/10.11833/j.issn.2095-0756.20220487
https://doi.org/10.11833/j.issn.2095-0756.20220487
https://doi.org/10.11833/j.issn.2095-0756.20220487
https://doi.org/10.11833/j.issn.2095-0756.20220487
https://doi.org/10.11833/j.issn.2095-0756.20220487
https://doi.org/10.11833/j.issn.2095-0756.20220487
https://doi.org/10.16258/j.cnki.1674-5906.2023.08.005
https://doi.org/10.16258/j.cnki.1674-5906.2023.08.005
https://doi.org/10.16258/j.cnki.1674-5906.2023.08.005
https://doi.org/10.16258/j.cnki.1674-5906.2023.08.005
https://doi.org/10.16258/j.cnki.1674-5906.2023.08.005
https://doi.org/10.3969/j.issn.1005-7021.2024.01.001
https://doi.org/10.3969/j.issn.1005-7021.2024.01.001
https://doi.org/10.3969/j.issn.1005-7021.2024.01.001
https://doi.org/10.3969/j.issn.1005-7021.2024.01.001
https://doi.org/10.3969/j.issn.1005-7021.2024.01.001
https://doi.org/10.19336/j.cnki.trtb.2024010503
https://doi.org/10.19336/j.cnki.trtb.2024010503
https://doi.org/10.19336/j.cnki.trtb.2024010503
https://doi.org/10.19336/j.cnki.trtb.2024010503
https://doi.org/10.16409/j.cnki.2095-039x.2021.06.006
https://doi.org/10.16409/j.cnki.2095-039x.2021.06.006
https://doi.org/10.16409/j.cnki.2095-039x.2021.06.006
https://doi.org/10.16409/j.cnki.2095-039x.2021.06.006
https://doi.org/10.16409/j.cnki.2095-039x.2021.06.006
https://doi.org/10.1016/j.chemosphere.2022.137101
https://doi.org/10.1016/j.chemosphere.2022.137101
https://doi.org/10.1016/j.chemosphere.2022.137101
https://doi.org/10.1016/j.scitotenv.2019.135114
https://doi.org/10.1016/j.scitotenv.2019.135114
https://doi.org/10.1016/j.scitotenv.2019.135114
https://doi.org/10.3390/agronomy15081979
https://doi.org/10.3390/agronomy15081979
https://doi.org/10.1515/biol-2022-0048
https://doi.org/10.1515/biol-2022-0048
https://doi.org/10.1515/biol-2022-0048
https://doi.org/10.1515/biol-2022-0048
https://doi.org/10.1515/biol-2022-0048
https://doi.org/10.1515/biol-2022-0048

	1 材料与方法
	1.1 试验设计与样品采集
	1.2 土壤化学性质及养分分析
	1.3 土壤总DNA提取与细菌高通量测序
	1.4 数据分析

	2 结果与分析
	2.1 土壤化学性质及养分
	2.2 土壤细菌群落多样性分析
	2.3 土壤细菌群落组成及相关性分析
	2.3.1 土壤细菌群落组成
	2.3.2 细菌优势菌群与土壤性质相关性分析

	2.4 土壤细菌群落结构及其影响因子
	2.5 土壤细菌群落共现网络分析

	3 讨论
	3.1 不同调理剂及有机肥施用量对土壤理化性质的影响
	3.2 不同调理剂及有机肥施用量对土壤细菌多样性和群落结构的影响
	3.3 土壤细菌群落结构快速响应机制

	4 结论
	参考文献

