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Abstract: [ Objective] Newly reclaimed red soils are generally characterized by high acidity and low organic matter content,
which severely constrain soil fertility improvement and crop productivity. This study aimed to evaluate the effects of
combined application of organic materials and calcium-based amendments (lime and calcium salts) on soil fertility
enhancement and acidification control in newly reclaimed red soil. [ Method] A field experiment was conducted in Ji’an,
Jiangxi Province (since 2023) with six treatments: chemical fertilizer alone (CK); CK plus natural humic material (9 000
kg-hm~ 2), biostimulant (1 500 kg-hm~ 2), organic fertilizer (7 500 kg-hm~ 2), and 1 500 kg-hm~ 2 calcium salt (T1); CK plus
the same organic materials combined with 3 000 kg-hm~ 2 calcium salt (T2); CK plus the same organic materials combined
with 1 500 kg-hm~ 2 lime (T3); CK plus the same organic materials combined with 3 000 kg-hm~ 2 lime (T4); and CK plus
the same organic materials combined with 7 500 kg-hm~ 2 fermented residue (T5). Soil physicochemical properties, carbon
fractions, and crop growth were analyzed using physical fractionation, scanning electron microscopy, and multivariate
statistical methods.[ Result]1The addition of lime and calcium salts significantly regulated soil acidity, with soil pH increasing
by up to 16.2%, and markedly enhanced phosphorus availability, as available phosphorus increased by more than six fold.
Application of natural humic materials rapidly increased soil carbon pools, with soil organic carbon and particulate organic
carbon increasing by up to 84.0% and 263.9%, respectively. However, the sole application of fermented residue aggravated
soil acidification and reduced carbon stability. Microscopic observations and multivariate analyses further demonstrated that
the combined application of natural humic materials with low rates of lime or calcium salts synergistically improved soil pore
structure, increased microbial biomass carbon and dissolved organic carbon (by up to 94.6% and 122.7%, respectively), and
substantially promoted both aboveground and belowground biomass of rapeseed (increases exceeding 7-fold). [ Conclusion]
The combined application of organic materials and calcium-based amendments effectively regulates soil acidification,
enhances carbon stability, and promotes coordinated improvement of soil fertility and crop growth in newly reclaimed red
soil. This strategy provides a scientific basis and technical reference for the rapid improvement of soil quality in newly
reclaimed farmland.

Key words: Newly reclaimed red soil; Natural humic material; Organic matter; Soil organic carbon fractions; Soil fertility
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+ WO (1500 kg-hm?) + BHLE (7500 kg-hm?)  + 1500 kg-hm? 4545 T2, CK+RAREF A EL (9000 kg-hm?) + £
Yok (1500 kg-hm2) + HHUE (7500 kg-hm2) +3 000 kg-hm245k; T3, CK+RARFEFEFIAMEL (9000 kg-hm?) + AWk
7 (1500 kg-hm®) + HHLE (7500 kg-hm?) +1 500 kg-hm? f17K; T4, CK +RIRJEFFA KL (9000 kg-hm?) + AWk (1500
kg-hm2) + HHUE (7500 kg-hm2) +3 000 kg-hm2 Fi%; T5, CK +RKARIEHFEAEL (9000 kg-hm?) + 2E¥p# %5 (1500 kg-hm2)
+ BHHLAE(7 500 kg-hm?)+7 500 kg-hm2 & % . [ . Note: Different lowercase letters indicate significant differences among fertilization
treatments within the same growth stage (P < 0.05). CK, chemical fertilizer alone; T1, CK + natural humic material (9 000 kg-hm~ 2) +
biostimulant (1 500 kg-hm~ 2) + organic fertilizer (7 500 kg-hm~ 2) + calcium salt (1 500 kg-hm™2); T2, CK + natural humic material (9 000
kg-hm™ 2) + biostimulant (1 500 kg-hm~ 2) + organic fertilizer (7 500 kg-hm~ 2) + calcium salt (3 000 kg-hm~ 2); T3, CK + natural humic
material (9 000 kg-hm~ 2) + biostimulant (1 500 kg-hm~ 2) + organic fertilizer (7 500 kg-hm~ 2) + lime (1 500 kg-hm~ 2); T4, CK + natural
humic material (9 000 kg-hm~ 2) + biostimulant (1 500 kg-hm~ 2) + organic fertilizer (7 500 kg-hm~ 2) + lime (3 000 kg-hm~ ?); T5, CK +
natural humic material (9 000 kg-hm~ 2) + biostimulant (1 500 kg-hm~ 2) + organic fertilizer (7 500 kg-hm~ ?) + fermented residue (7 500
kg-hm™ 2). The same below.
B 1 AFAE 48 pH sz
Fig. 1 Effects of different treatments on soil pH
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Fig. 2 Effects of different treatments on soil total nitrogen (TN, a), alkaline-hydrolyzable nitrogen (AN, b), total phosphorus (TP, c), available
phosphorus (AP, d), total potassium (TK, €), and available potassium (AK, f) contents
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Fig. 3 Effects of different treatments on soil mineral-associated organic carbon (MAOC), particulate organic carbon (POC), organic carbon
(SOC) contents, and carbon stability index (CSI)
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Fig. 4 Effects of different treatments on microbial biomass carbon (MBC) and dissolved organic carbon (DOC)content in soil
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Fig. 5 Effects of different treatments on rapeseed biomass
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Ve PEsh SRR U R 5 AT R OKS ; y CK AbEE, c. d Ay TL ALFE, e. f Jg T2 AbFE, g. h Jy T3 ALEE, i |
T4 KbHE, ke 1N TS AbRE; F—ACERAN, FRERTE (av ¢ e g iv k) S 20000 fERREF, FREFESHE (b. d. fo h. .
1> ¥ 5000 f5A08F, H LU ELEs a0 58S E. A, Note: The letter labels in the figure correspond to the treatments and
magnifications as follows: a, b represent the CK treatment; c, d represent T1; e, f represent T2; g, h represent T3; i, j represent T4; and k, |

represent T5. Within each treatment group, the former letters (a, c, €, g, i, k) indicate images taken at 20 000x magnification, whereas the

latter letters (b, d, f, h, j, I) indicate images taken at 5 000x magnification, allowing comparison of microstructural details and overall
morphological features. The same below.
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Fig. 6 Comparative analysis of scanning electron microscopy(SEM )images of POC fractions under different treatments
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Fig. 7 Comparative analysis of scanning electron microscopy (SEM) images of MAOC fractions under different treatments
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2.7 AEIRIETLIRE S B EFIRA R E Zigrrn MR

hE 8a AEFEEMEE (VIP) ofralsn, i EAEME (AGB). WA EYER (MBC).
AL PEA MR (DOC) 2 X 7 A A AL U R M i R AR & (VIP> D), X TXaAFEAE (T1-T5) 2
[) 22 S B DT R AR R A2 VA O R 48 e 38 A AZ o (K H o S BT (AK) « B 2T (AP) i R AE & (BGB)-
A (AN I TR IR Z o

BT VIP A Mr45 8, R EUEFE S ARAE N 1 11 MIE S EOHT 2R 00T, 45 ROk
E (8b) TR, FrA R (T1~T5) fE48 K ZHHIEAL I AED A KA L3RI IE 2L
N (AR RN ). AR 4ERE By AN Hph—384h, “AGB 5 SOC” “POC 5 MAOC” “DOC 5
MBC”. “AP 5 pH” 5% A—2%, BGB X 5 POC. MAOC & i, RUEVIRM T EEYS
MAOC 1 POC A th [FIARLAFIE, IR &2 L3 MUK FE T Rk 58250 1 R E K54 . AK 5 AP,
pH PHE i, R AK 5 AP K H: - SR IR 55 1 A8 Ak B A v B o [ 1k

TEACIRYERE I, T1 AEES T2 A3 RON—, REWE L2 HEr LR AEL, BRI
8 AR SRS A R AR . AR VIP 1550 #5201 AGB. MBC & DOC %5 br L35 2 81
W IR AR, RSB . R TEREAG SRS T R A AR T3 abRE
BEE S T1. T2 A3, REFRNAKATEN T4 R5ESE, VT T3 WFEZMEFR AL
SR EAS SRR A SR AN TR S ORI, TS T4 ACFE (EE A KD AEAE ML) B N SR B AEAE S
Sto MWZTF, T5 Ab# CkEFE) RIUH RN AHERAE, BIRTE MAOC. POC. BGB. SOC
A AGB SEAHGFE bR E RN, (A H AL L8485 3R — M, fEF7 7 iz A A Y Dhae 7
EERKR. 4Bk, &S VIP B9 & AGB. MBC Al DOC &fakri s, T3 AR
B, (HERLE B A B A S T, T2 & —50 U0 =3 e R B AR BN .

a) CKTIT2T3T4T5
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W B a B R R T EEAMEBGEAE (VIPscore), VIP> 1 FREZARE ., AGB, M LA4:¥)&; BGB, i FAE4& . Note: Figure
a,The horizontal axis represents the variable importance in projection (\VIP) score, and VIP > 1 indicates important variables. AGB,
above-ground biomass; BGB, below-ground hiomass.
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Fig. 8 Variable importance in projection scores (a) and cluster analysis diagram (b) under different treatments
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BIF 5 A i B 2T 438 0T A RIS 6 Ak 387 398 R 8 8 15 Rl 3% MR S T D7 T S I B A X 3 1 ) R
(B 8). XARELHT BATIEHIMET LA RrPRe 199 WA NUTAN TR 20 BERIMICE O¢, 0 7RI
TRl 7 S RS Jof i N TR BB . [RILG, TR T RS R R AT, ad s B A Ak B Sk T TR
LR ) P S B 3 A 2 o ) R e

TEFR A BT, AR HUYDRL S 85 AR i = B PR T AN JFRIR$TH T TP fil AP & &
(B 2, B3, wREEM T AKEMIE SRS, XA R EA EE/ERESE, (HA
RN, BE S AKMET TP 1 AP Mg i A, BEESHHENMN, AP W& EREFK,
ATRe TR EA R AR & Cazt 7514 pH A Z — it )E, 5BRIRE T (PO, 3 ) TR
WIS £ (AR IETE A ), NI B I BRAG T B (A 25tk 8, A b2 N, WA 2K R =3
TP F1 AP RIS, A e P2 5 iR R vl BEAE T, A AKAL BN 1338 pH 135 58 N 22 Al
FEA, AMUEHE T 885 AE P& SR, 1 B SOKARF= A Cazt 3 5 T 5 R HUTURI AL
WARTE A LA )2 A, IX L3 T2 R 26 T ] BTl 25 7= A T R PR [l RF (GGRIWN TP D, [FIH
NI ) pH FREEHNG) T B R e, SLRIYERE TRGE AP KRS, th4h, Catt TR
e E A B AE B 7 (Ul SO, 27 ) SFWR A st 58 4 it — 2D 0D TR [ e, ™ 2 TS EhrEmE R
AT AR AT, thah, ANEA PRI 5] R T B R B, R SRR B A )
S5 1m CIN LED BRI AN AE AR KA T RIEI T, R T R g, FIR R e A, B
i LI AEMR R R A AR, N AN SE 53 TS, MTHRmE, SOerm
TKFAK & &0 R 2 5000, A0 2010 35 g S AE 0 00 4 ] R 32 282 SR AR ) A4z i), wT AL, 4b
TEA HLADRLS 5 FR A I 2 ] P 42 3R B0 2R R A PR,
3.2 AEIIESTFIR IR IRA 5 R EMU AR

T HURIEES . TP 5 AR 2B K e 7 [ R BV A o5 B 48 Tt R0 R P e A o ol 1 45
BRSNS, Fra kit 7 SOC. POC il MAOC &, Hrh T5 4 #7E SOC il POC #&7F
TR E AT, 3T 84.0%F1 263.9% (P 4), w WAMNETE A HUBK K\ BE IR E Y T8k 2,
HH UL 5 o R BRI N 3, R, Rm R ER, X TR RAEMN S, BT A R
B ()R R M At 55, LA MUK R 5 52 B ANE YR R BRI it 77 R . AR TR, A [F
WFETE POC. MAOC K HAFaett LB EZER (B 3), W7 M T R ER L, Hr R4
B REAT 3 B 55 Sd@ A ML RS 2R 0 R T ke (R A A LB R AR e AR R AN A A4k

HNIEAE HLAYREC A4S S AA A RE, — D7 TGN T ANEE HADEIN, A MU SR P2 A T AR
MR 7T, BB KRN A V- R SR R A T ook Cazt , It PHES T
H# (Caz* -RCOO™ -H¥) SHifar FAMEH, (RHEANUR SRR PRI, SEaRa MUk 2= 1R
YRR, ik, ARG ARG TR S A U B R 3 5 T A ALK A e T
(B 4, x5 Caz* {Zd-GHL-I E &ML S VIR, i g RiEs:, POC. MAOC Kl
MAERTEAF LI T 2R E 25 T2 48 GHESE) BRE g R, ARTENRSE
VIR R A 5 B AR T i, T4 AbEE G ) NIHBUREEUE R, LB, R Hiks £ FL4s
PR EAR R ER (B 7D, BEARTT RS SmAER O/, (5 2 PR B Ak Pty s AN JE #4220, 1 T5 Kb 3 O
B BE I ATIR 2 LR, (2540 mT LSS B 22 PRI R 73 A 5 4 B AR ME TR T (1 ©),
X5 POC & s AE AR AR A — 23], ax Se b MR AIE 1) 22 S BB A HLRR O i A7 3R S e
‘r$[24]°

MBC 1 DOC & &1k (B 4) df—0 it 7 AFRACEE N Y EER 2, T1 A T3 b8
BFERET MBC S8 (5 H13RTF 94.6%A1 85.6%), % BIIX PRl AL 7E A SO IR m FE i A
BIE T EENE SIS, (2 T R EE RS, T2 AR T T DOC FE (7t 122.7%),
Al RS E A Sk A R AR T O I A WL B A . FHELZ R, T4 F1 T5 Ab3Exs MBC Al
DOC W4 AR (B 4), Fir# sH e i BU% BRE] 7 AT R, 535 005 K REE o) il =2 1)
PR PER SIS T A PE A 6. 2, VEWAEYR MM N2 Bk 3B R T S AR i FR LR
TERI MR AT, g Ao3Es8) B84 TSt - 53 N AEYE (P<0.05, B 5, HERSHLHIA
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