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Abstract: [ Objective ] Vegetable production is frequently associated with high nitrogen fertilizer application and intensive crop
rotation, resulting in soil acidification, structural degradation, and proliferation of harmful microorganisms. These factors
significantly impede the sustainable development of vegetable farming. [ Method ] Therefore, this study investigated the
short-term effects of organic fertilizer, potassium humate, calcium carbonate, and their combinations on soil properties, organic
carbon components, and microbial community structure in acidic vegetable fields with an untreated control (CK). [ Result] (1)
Results showed that the sole application of full-dose organic fertilizer significantly increased total nitrogen, available phosphorus,
and available potassium in non-rhizosphere soil, while significantly increasing easily oxidizable organic carbon (EOC) in
non-rhizosphere (by 22.70%) and rhizosphere (by 9.76%) soils. The sole application of full-dose calcium carbonate significantly
raised soil pH but reduced available phosphorus in non-rhizosphere soil and alkali-hydrolyzable nitrogen, available potassium,
and organic carbon (SOC) in rhizosphere soil. Most notably, the combined application of all three amendments significantly
increased soil pH and Chinese cabbage yield, compared to CK, while also increasing SOC, EOC, dissolved organic carbon (DOC),
and the abundance of soil bacteria, fungi, Gram-positive bacteria, Gram-negative bacteria, and actinomycetes. (2) Correlation
analysis between soil physicochemical properties and microbial community structure revealed that alkali-hydrolyzable nitrogen
and EOC were significantly positively correlated with all measured microbial groups in the non-rhizosphere, where DOC
correlated positively with bacteria. Also, in the rhizosphere, DOC correlated positively with bacteria and Gram-negative bacteria.
Redundancy analysis showed that in non-rhizosphere soil, alkali-hydrolyzable nitrogen had the greatest influence on microbial
communities. In rhizosphere soil, available potassium and DOC were the main factors affecting microbial communities. (3) Correlation
analysis between soil properties and Chinese cabbage yield indicated that yield correlated positively with non-rhizosphere pH and
rhizosphere exchangeable Ca®>" and Mg?*, but negatively with rhizosphere alkali-hydrolyzable nitrogen. Structural equation
modeling revealed that exchangeable Ca?", available phosphorus, and alkali-hydrolyzable nitrogen had significant positive effects
on cabbage yield, with Gram-negative bacteria indirectly influencing yield through available phosphorus. [ Conclusion ]Based on
these results, it can be concluded that the combined application of calcium carbonate and organic amendments effectively
mitigated soil acidity, enhanced soil organic carbon sequestration, increased microbial biomass, and stabilized soil productivity.
This study provides an important reference for research aimed at managing soil acidification and improving crop yields in acidic
soils.

Key words: Calcium carbonate; Soil acidification; Soil organic carbon components; Microbial community structure
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Table 1 Effects of different treatments on physicochemical properties of non-rhizosphere and rhizosphere soils
[X 45k b TN/ AN/ AP/ AK/
Region Treatment ol (gke!) (mgkg") (mgkg™) (mgkg")
JEARBR CK 4.71x0.07d 1.33£0.14cd 140.4+21.0bc 48.48+8.52b 156.3£17.5¢
Non-rhizosphere 4.77+0.38d 1.66+0.04a 152.9+2.9ab 67.12+3.00a 304.0+9.2a
P 4.86=0.06cd 1.43+0.09bc 132.2+13.0bc 46.76+6.86bc 204.7+16.3b
C 5.93+0.06a 1.5120.09abc 136.346.3bc 35.56+4.97¢ 144.7+2.1¢
mp 5.04+0.42bcd 1.43+0.03bc 120.9+18.7¢ 41.22+11.16bc 162.0+13.1¢
me 5.24+0.24bcd 1.58+0.15ab 154.0+4.4ab 40.68+2.43bc 216.7+4.0b
pe 5.40+0.62abc 1.43£0.01bc 121.5+7.2¢ 35.77+3.49¢ 161.3+3.2¢
mpc 5.54+0.07ab 1.23+0.04d 175.1+18.9a 42.58+0.92bc 179.7+28.0bc
MPC 5.57+0.32ab 1.54+0.18ab 172.0+20.6a 40.91+6.10bc 276.0+55.0a
X 2 Qb3 Ca*/ Mg**/ ExA/ ExH/ ExAl/
Region Treatment (cmolkg™) (cmol'kg™) (cmol'kg™) (cmol'kg™) (cmol'kg™)
JERBR CK 10.43+0.27d 2.14£0.09bc 5.62+0.70a 0.52+0.18a 5.10£0.70a
Non-rhizosphere M 13.58+2.38cd 2.61+0.05a 5.08+0.60a 0.58+0.14a 4.50+0.48a
P 11.73+1.56d 2.24+0.27ab 5.36+1.26a 0.39+0.04ab 4.97+1.24a
C 25.43+6.25a 2.32+0.19ab 0.94+1.27b 0.12+0.13¢ 0.82+1.27b
mp 17.56+0.97¢ 2.27+0.23ab 1.26+0.41b 0.27+0.18bc 0.98+0.46b
mc 15.48+2.51cd 2.46+0.27ab 2.19£0.91b 0.27£0.07bc 1.92+0.96b
pe 18.78+2.33bc 2.37£0.02ab 1.62+1.11b 0.23£0.15bc 1.39+1.05b
mpc 17.71£3.97¢ 1.89+0.30cd 0.69£0.23b 0.15+0.02bc 0.54+0.21b
MPC 23.12+1.69ab 1.66£0.05d 1.38+1.38b 0.160.14bc 1.22+1.29b
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X35 Qb TN/ AN/ AP/ AK/
Region Treatment oil (gkg!) (mgkg!) (mgkg™") (mgkg!)
PR CK 5.18+0.23cd 1.60+0.11a 320.8+19.8a 43.31+1.54a 230.0+6.0bc
Rhizosphere M 4.88+0.08d 1.6120.13a 288.6+2.3b 43.77+0.25a 248.0+15.5ab
5.08+0.15¢cd 1.52+0.15a 264.4+12.2bc 43.56+1.15a 265.0+4.4a
C 6.03+0.29a 1.53+0.03a 216.0+14.5d 40.32+2.93a 161.7+13.6f
mp 5.40+0.25bcd 1.65+0.07a 249.3+13.6b 35.85+1.21b 221.3+6.5¢cd
me 5.69+0.57abc 1.460.16a 279.4+10.3b 44.53+4.37a 194.3+17.5¢
pc 5.86+0.30ab 1.21+0.01b 244.9+22 8¢ 36.00+2.20b 203.7+16.0de
mpc 6.13+0.29a 1.54+0.26a 250.5+1.4c 43.38+1.35a 260.3£19.5a
MPC 6.06+0.49a 1.59+0.14a 246.5+20.8¢ 43.94+2.07a 231.7+16.0bc
X3, Qb Ca?'/ Mg?/ ExA/ ExH/ ExAl/
Region Treatment (cmolkg ™) (cmolkg ™) (cmolkg ) (cmol'kg™!) (cmol'kg™)
PR CK 8.90+0.85¢ 1.64+0.07bcd 4.40£0.26a 0.70+0.25a 3.70+£0.31a
Rhizosphere M 10.29+2.03bc 1.70+0.11abed 3.99+0.06a 0.91+0.32a 3.07+0.31ab
9.81+2.72¢ 1.53+0.04d 4.20+0.16a 0.80+0.18a 3.40+0.01a
C 14.63+2.65ab 1.57+0.18cd 0.94+0.59¢ 0.20+0.03b 0.74+0.62cd
mp 12.90+2.71abc 1.88+0.21a 2.78£0.95b 0.26£0.03b 2.52+0.92b
me 14.42+3.98ab 1.81+0.14ab 2.40+0.38b 0.89+0.052 1.52+0.43¢
pc 15.92+1.51a 1.85+0.10ab 1.19+0.18c¢ 0.25+0.13b 0.94+0.06¢cd
mpc 15.59+0.43a 1.83+0.10ab 0.57+0.26¢ 0.07£0.06b 0.49+0.23d
MPC 16.26+2.41a 1.78+0.02abc 0.72+0.5¢ 0.16+0.16b 0.56+0.36d
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ExA: ZCHMERR; ExH: SCHMEEET; ExAl: CHBMEMRE T RPN R T B2 R A R AL B S e i i B 22 5% (P<0.05). T

[A] . Note: CK: No amendment; M: Full-dose organic fertilizer alone; P: Full-dose potassium humate alone; C: Full-dose calcium carbonate

alone; mp: Half-dose potassium humate + half-dose organic fertilizer;

Half-dose potassium humate + half-dose calcium carbonate; mpc:

mc: Half-dose organic fertilizer + half-dose calcium carbonate; pc:

Half-dose organic fertilizer + half-dose potassium humate + half-dose

calcium carbonate; MPC: Full-dose organic fertilizer + full-dose potassium humate + full-dose calcium carbonate. TN: Total nitrogen; AN:

Alkali-hydrolyzable nitrogen; AP: Available phosphorus; AK: Available potassium; Ca?': Exchangeable Ca®"; Mg?": Exchangeable Mg*"

ExA: Exchangeable acidity; ExH: Exchangeable H'; ExAl: Exchangeable AT**. Different letters in the same column indicated significant

differences in soil data between different treatments ( P<0.05 ) . The same below.

2.2 IR EY R ER Y I HLRR A 5 B S N

5 HILBS 2L £ 70 A T i TR 6 i it A B 420 )
NN 2 FroR. 5 CK FHEG, PRt 5 PR A i R AR
bR -3 LA & D E R 15.38%, HABiRIR A5 Ak
PR ARBR A MLk i R 14.03%, T HA b3
A WL A o AR k.

5 CK Mk, AL E E#RE T HHES A
AP B, 1 mp AbERAH S B B E AL, R
HEBRFIAR B 4138 5 S8 A A HLER 73 3R 23.36% F11

13.78%. mpc AbHAEAEAR R 43 b 5 S AL A MLk &
i, N9.28gkg!, WERT CK. mp Ml pe kb
B ERIBR H3ET, DL MPC Ab B4 5 E AL HLER &
e (6.07 gkg'), BFHETHABAR,

I P i B TR 65 A St AT AL AR B AL, AR b 3
TR A PR & T CK, A P mp. me 7E
MRBR/AERR B A 3 ik 21 8 3 22 5%, (H it AILAE
=k R it ) - 49 T S A LR A AE SR AR B
e SINAIITE S =S N

http://pedologica.issas.ac.cn



896 + b1 Z e 63 %

35000 a

25 Ak AR R B - S Al AR A e 8

30 000} i j l l METF, & CKTET 47.49~153.7 mgkg ', H
—~ 25000} ab ab ab Hh L= R B R AR A it A v . (AR B
£ i W R S i (R pe A3 MRS ) G
£ 20000
=] %5
uﬁi 15 000y 2.3 RMAEY R BRI TR E Y B E SN
% 10000} A

5000k M 3 A, 5 CK AR LG, i A HLAIE Rl =Fh

) PAC L 7R it 2 RE B I+ e E A i, o

KM ﬁé’méﬁ’f mepo mpe MPC G 7 HLHE A 35 5355 406 0 AR B L 490 % B G
! Fertilize rtreatment

M2 . R . EHB . S CMHMEREA YR, =Mk

e AR SR G A LRI P g it 55800 R B0 O

Zl(f)fS )o No.te:. :)ifferent lowercase letters indicate significant éﬂirﬁ\ Eéﬁ%ﬁﬁ‘lﬁﬁﬂ‘\ ié&lﬁ'@%ﬁﬁi%ﬁo =
erences in yield among treatments ( P<0.05) .

o e IR Tt Ak B A% A W R R AR W R R A R

BT BRI S S A AL X 35 1 1 52 ) T Ty S ORI
A ) o Th, ABALHEAR PR 38 20 B AR B 4 98 o 22 TG BH 1
Fig. 1 Effect of calcium carbonate compound organic matter on the s e
yield of Chinese cabbage Ik B B E 2R
251 -t e hi . 2. B . A
E %EiﬁélﬁNon r}llnzosphle e soil 2 12 = AR MR PR 3 Non-rhizosphere soil
= Ak Rhizosphere sol %’3 == {5 14 Rhizosphere soil
. 10 ab
2 20t a 3 a a
W 5 5 b ab  gp b
54 ab ﬂ]l S
i § be goafl], be be  be . %g 8t
IS 15f Fab c abe ¢ 29 =% .
B S £ be be E 8 g a
B '§ = g 6 b be
§§ 10} gg” d bed ed | [ed
o =
e BT 4 :
8 HE
= 5t )
A 2 27
&
o
(e 3 o4
CK M P C mp mc pc mpcMPC A CK M P C mp mc pc mpcMPC
JifiAtALFE Fertilizer treatment JifiATALFE Fertilizer treatment
400 . o~ 4501 = FEM PR 41 Non-rhizosphere soil
= = AEHRPR £ Non-rhizosphere soil op 50 g 9 Rhi Py
\ : . . 2 HiFr 13 Rhizosphere soil
% 350l == ffiPR 4 Rhizosphere soil 5 400 | a
2 P ab I < i $ P 5
< 300f be £ ab 2 350f be b
H 5 i 2 c
b= ¢ 428 3001
X 8 250¢ £ be cde] Esg
= ode dod o mE 250t
£ 200¢ d ESgs ab a
Fullst e g 2001 ab
.2 = £ b bl b
= & 150F L 1501
B g + g ¢
Ho 100f £ 100l ¢
= S
= =
= 2 d
2 S0 E 50}
2 2
CK M P C mp mc pc mpecMPC CK M P C mp mc pc mpcMPC
JiEARALER Fertilizer treatment JEfCALER Fertilizer treatment

H: ARE/NG FERFRRAERPRECAEAR PR 1 & b H i A B 22 5% (P<0.05). F[F. Note: Different lowercase letters indicate

significant differences among treatments in either rhizosphere or non-rhizosphere soil ( P <0.05) . The same below.

P2 BRI S S BCA ML AR PR AR AR B - 3 HLBRZH 23 1 52

Fig. 2 Effects of calcium carbonate compound organic matter on organic carbon components of rhizosphere and non-rhizosphere soil
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Fig. 6 Redundancy analysis ( RDA ) between soil physicochemical properties and microbial community structure ( a. non-rhizosphere soil, b.

rhizosphere soil )

Br-EJ7 @ HE R 1.260, df=5, P=0.939, CFI=1.000,
SRMR=0.013, RMSEA=0; #Fr-KJr At E KR
5.299, df=6, P=0.506, CFI=1.000, SRMR=0.047,
RMSEA=0 ), 7EAEMRER H3Ed, A= mEE2 +
Herh A e M S RS, B LS R AR e e B
th 5 B b A Bl . SBERR AR IR . 22 R T4 B O
sl TEMRPR D, [ EEZWMA . A5
N Ry AN R CRe ST A  W g Cq E  Y Bi
I A O 1 2 % 7 e e A R

3 0 ®

e =2 R 73S L83 4 B9 &2 M

WF5E on, KB InA VLR 25E o rhofn H
VR F 6 5 O A R i RIERR ZE v, 1
AN R RS RA AR RS . AR A B, 3
it A ML Rt 2 T 0 e 0 B e R AR B - S AR
PRt b BSR4 B, (HOF R i R - R
(2 1), XREF A YIRS w SRS 5
— B ML, T8 48 pH B AREH R, iX 5 Gondek
SO b o - 398 v L2 B (0 A HILAE 4 3 AR L B 42—
oo IR RS A AL BRI REAL T HEERE, X5

3.1

Holland 55U R 52— B0 o (E4% b BEARAR B 1
HE Ca i TARBR , J2 R Ry sk R 5 B3¢ 1 790 >R JH 40t 77
X, H Ca" FEUUBUR RSB I, R,
R R MR BRI IR T Ca™, (AR Ca® & it i
F T RBR . SR, DUBRR IR B BRI T H S
e, (H R A AR R S R T
CK (% 1), MumfRIE L pH Em)a, HRKH
TG, I 7 R A M, TR 4 pH
9 J& FH Ml s 3 v AV AL FRIE AR RS, B4
X 2R A BEEPE T, DT ARG B 2 1 A it e
bh, MEHIBRRRES S, LW Ca’ /KT E T
(1), W] RgE i P s 58 A2 o KRR, =Fb
oA LR P Ak B A SR SR AR | AR
Py AU RES AL B (% 1), SXARIEW] T AR R
B E A ML LA S A B e R B B HEASCR S X
i S5 i ft BRE T 4R S K S B R L AW R
B, it A FLICHL S R R B i 1 S i, (HERAR
TARPR A SR (R 1), XaaeEEh T+
5 pH R {2 T AR AN AR BRI . 55
—J7 T, b S EAG R R A A SR A R
M35 pH. Ca® WFIEMC, SHf A B %
TR (& 4),

http://pedologica.issas.ac.cn



900 + b1 2 e 63 %

a)

Fea Yield

EOC

0.07

b) P Yield

DOC

1.11%*

Gp GN F Acti
Wik O B R AR RO, AR A I U R Rk ), SR AR 2k 40 S FRR A IE RN N AURLN , * M+ RoR FE P<0.05 A1 P<0.01

K Y 2 P . Note: The numbers above the arrows indicate the path coefficients ( A, normalized regression coefficients ), the solid and

dashed lines indicate positive and negative effects, respectively, and * and ** indicate significance at the P< 0.05 and P<0.01 levels.

B7 SR o A 0 e 7 ) LA R R 2 5 P 45 # 7 A
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