+ 9 2 ik
Acta Pedologica Sinica

DOI: 10.11766/trxb202503130114 CSTR: 32215.14.trxb202503130114
YKERVE, ZE0R4EC, SR, MRAEES, DAL, JERR, ZRERIR. BRI 30 M o B AR 7 1 oxd it FH Bk BR A A AL I Wi R[], L3
%, 2026,

GENG Jinzhao, LI Zhenlun, ZHANG Min, CHEN Fuhui, MA Zheng, LIANG Kang, LUAN Huilin. Response of Soil Properties
and Productivity to Application of Calcium Carbonate and Organic Matter in Acidic Vegetable Fields [J]. Acta Pedologica Sinica,
2026,

Bg PSRt 18 BN A = o e F BB 35 AN B AL 4T RY
M) Rz

MeE , FRE", KB, FES, DT, RE, XM

(PRI AR 2 8, ST e 5 g e o DR S SR, #EJR 400716)

O A RRATEANAER. RERE RS S, SRRERA. ST, B EMEDEE
S, RS T SRR TR R . Rk, AMPRERMESE L, UIAEM R (CK) NXE,
MEFEHUE. JEEIRM . RERES RIAS, @de g MR . BN S RUEMBETES, R
SE I [E) YR T BB R O R . 45 REWT: ()5 CK M, B EaUEEERE T IERR R4
B AR AR, TEAERBRRIAR R 2 S LA 3 B R R 22.70%81 9.76%.  HLjiE 4 R KR
FEACHR AR TE T 3 pH, HFRE T AEAR R 38 20k AR bR AR . SO BHURS R . =R
MREFIE AR CK MU RT3 pH fASEF=&, ¥ T HENER. 80BN nTEEa L
BRGE, RN T BEAE . B, RXREME. EXRATEARAE SR, () BEBEARS
TR VR VA SR T AH DS M AT 3R B . B AN B A0 T8 ML S5 AR B 35 rh & SR AR W 88 (0 38 TE M 5K,
AL ML S AN 25 IR ARG TEARPR B3 rp, mIvA M MR 5 40 B A o 22 R B B 38 IEAH G . TR
RTINS R, EAERRBR LR, LR RO A R R R s EARBR g, R R
AL MU S B AR R bR TR AR BRE N R B R T Q) LI R B AR TR W 7R
SRR pH ARPR LIRS Mtk 4s . AT BB R IR A DS, HRER LI R B AU oe . kA,
SER T TERAN R, TS . A B AT PR R B RN, 22 IR B I A T
FEEFA AR .. SE LT, MR AR AR R IR N EN, e T D MR E A, 1Y
iR SRR YR, TR IR T HIRAE R .

IR BRERES; TIERL; IEEVRA S MAEMREES

FESES: SI156  CEAFRER: A

Response of Soil Properties and Productivity to Application of Calcium Carbonate
and Organic Matter in Acidic Vegetable Fields

GENG Jinzhao, LI Zhenlun®, ZHANG Min, CHEN Fuhui, MA Zheng, LIANG Kang, LUAN Huilin

(Chongqing Key Laboratory of Interface Process and Soil Health, College of Resources and Environment, Southwest University,
Chongqing 400716, China)

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
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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[l, 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.
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Table 1 Effects of different treatments on physicochemical properties of non-rhizosphere and rhizosphere soils

X 3, b3 H TN/ AN/ AP/ AK/
Region Treatment P (g'kg") (mg-kg™) (mg-kg™) (mg-kg")
BN CK 4.71+0.07d 1.334+0.14cd 140.4+21.0bc 48.48+8.52b 156.3+17.5¢
Non- M 4.774+0.38d 1.66+0.04a 152.942.9ab 67.124+3.00a 304.0+9.2a

rhizosphere P 4.86+0.06cd 1.4340.09bc 132.24+13.0bc 46.76+6.86bc 204.7416.3b

c 5.93+0.06a 1.5120.09abc 136.3+6.3bc 35.56+4.97¢ 144.7+2.1¢
mp 5.04+0.42bcd 1.4340.03bc 120.9418.7¢ 41.22411.16bc 162.0+13.1¢c
me 5.2440.24bcd 1.58+0.15ab 154.044.4ab 40.682.43bc 216.7£4.0b
pec 5.40+0.62abc 1.4340.01bc 121.5+7.2¢ 35.7743.49¢ 161.3+3.2¢
mpc 5.5440.07ab 1.23+0.04d 175.1£18.9a 42.58+0.92bc 179.7428.0bc
MPC 5.5740.32ab 1.54+0.18ab 172.0220.6a 40.91+6.10bc 276.0+55.0a
[X Jk hbF Ca?"/ Mg?*/ ExA/ ExH/ ExAl/
Region Treatment (cmol-kg™) (cmol-kg™) (cmol-kg™) (cmol-kg™) (cmol-kg™)
AR PR CK 10.43+0.27d 2.14+0.09bc 5.6240.70a 0.524+0.18a 5.1040.70a
_Non- M 13.58+2.38¢cd 2.61+0.05a 5.084:0.60a 0.581+0.14a 4.50+0.482a
thizosphere P 11.73+1.56d 2.24+027ab 536+1.26a 0.39+0.04ab 4.97+124a
C 25.4346.25a 2.3240.19ab 0.94+£1.27b 0.12+0.13¢ 0.82+1.27b
mp 17.560.97¢ 2.2740.23ab 1.26+0.41b 0.2740.18bc 0.9840.46b
me 15.48+2.51cd 2.46+0.27ab 2.1940.91b 0.2740.07bc 1.9240.96b
pe 18.78£2.33bc 2.3740.02ab 1.62+1.11b 0.2340.15bc 1.3941.05b
mpc 17.71£3.97¢ 1.8940.30cd 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 0.16£0.14bc 1224129
[X 35 AbEE H TN/ AN/ AP/ AK/
Region Treatment P (g'kg") (mg-kg") (mg-kg") (mg-kg")
HRBR CK 5.184+0.23cd 1.60+0.11a 320.84+19.8a 4331+£1.54a 230.0£6.0bc
Rhizosphere M 4.8840.08d 1.6140.13a 288.6+2.3b 43.774+0.25a 248.0415.5ab
P 5.0840.15¢d 1.5240.15a 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 40.324+2.93a 161.7+13.6f
mp 5.4040.25bcd 1.65+0.07a 249.3£13.6b 35.85+1.21b 221.3+6.5¢d
me 5.6940.57abc 1.46+0.16a 279.4410.3b 44.53+437a 19434+17.5¢
pc 5.8640.30ab 1.21£0.01b 2449422 8¢ 36.00+2.20b 203.7£16.0de
mpc 6.13+0.29a 1.54+0.26a 250.5+1.4c 4338+1.35a 260.3%+19.5a
MPC 6.06+0.49a 1.594+0.14a 246.5+20.8¢ 43.94+2.07a 231.7+16.0bc
[X 45k sl Ca*'/ Mg/ ExA/ ExH/ ExAl/
Region Treatment (cmol-kg™) (cmol-kg™) (cmol-kg™) (cmol-kg™) (cmol-kg™)
HRBR CK 8.90+0.85¢ 1.64£0.07bcd 4.40+0.26a 0.70£0.25a 3.70£0.31a
Rhizosphere M 10.292.03bc 1.7040.11abed 3.9940.06a 0.914+0.32a 3.074+0.31ab
P 9.81£2.72¢ 1.53+0.04d 420+0.16a 0.80£0.18a 3.40£0.01a
C 14.63£2.65ab 1.5740.18¢cd 0.9440.59¢ 0.20+0.03b 0.74%0.62cd
mp 12.9042.71abc 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 2.4040.38b 0.8940.05a 1.52+0.43¢
pc 1592+1.51a 1.85+0.10ab 1.1940.18¢ 0.25+0.13b 0.94+0.06¢cd
mpc 15.59+0.43a 1.83£0.10ab 0.574+0.26¢ 0.0740.06b 0.4940.23d
MPC 1626+2.41a 1.7840.02abc 0.72+0.5¢ 0.16+0.16b 0.56+0.36d

E: CKAMESR R M: B EaHUIE: P Bt BEEERM: C: RIESERKRT: mp: &
JEREBH L E AV me: PEAVIEHEERIRE: pe: VREGHEMRMA L EHRRE: mpe: FEHL
e+ B R G ER PP+ B R R ES . MPC: R ANIE+ SR EERM+ SRR . TN: 2% AN: WA
AP: G AK: A Ca?': M E T Mg WHMEEE T ExA: HMR; ExH:
PEEE T ExAl: MR 1. [FSIAE T BERIR AN A AL PR A e 1 B R =R (P<0.05). R [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; mc: Half-dose organic
fertilizer + half-dose calcium carbonate; pc: Half-dose potassium humate + half-dose calcium carbonate; mpc: 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 AI**. Different letters in the same column
indicated significant differences in soil data between different treatments (P<0.05). The same below.
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Fig. 1 Effect of calcium carbonate compound organic matter on the yield of Chinese cabbage
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< 0.05). The same below.
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Fig. 2 Effects of calcium carbonate compound organic matter on organic carbon components of rhizosphere and
non-rhizosphere soil
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Fig. 3 Effects of calcium carbonate compound organic matter on phospholipid fatty acid content of various
microorganisms in rhizosphere and non-rhizosphere soil
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Fig. 4 Correlation between yield of Chinese cabbage and physicochemical properties of non-rhizosphere (a) and
rhizosphere soil (b)
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Fig. 5 Correlation between soil physicochemical properties and microbial biomass (a. non-rhizosphere soil; b.
rhizosphere soil)
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Fig. 7 Structural equation model of direct and indirect effects of soil physicochemical properties and
microorganisms on the yield of Chinese cabbage
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