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Information Statistics and Property Analysis of Commercially Acidic Soil Amendments
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Abstract: [Objective] Direct application of soil amendments represents a crucial approach for ameliorating acidic soils. Grasping the fundamental
properties of commercially available acidic soil amendments is vital for developing strategies to improve acidic soils in China. [Method] In this

study, detailed information regarding product registration and patent applications for acidic soil amendments in China was gathered and
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systematically organized. Subsequently, the basic properties; including particle size distribution, pH, contents of CaO and MgO, crystalline minerals,
and functional groups, of 24 randomly selected commercial soil amendments were determined. The crystalline minerals and functional groups of soil
amendments were identified by X-ray diffraction (XRD) and Fourier-transform infrared spectroscopy (FTIR) analyses. [Result] The results indicate
that a substantial number of acidic soil amendments exist in China, accounting for 78% of all types of soil amendments. Driven by market demand,
raw material availability, and agricultural development characteristics, the manufacturers of acidic soil amendments are predominantly located in
Guangdong and Shandong provinces. The authorization rate of patents for acidic soil amendments in China is less than 10%. Among the authorized
patents, the primary raw materials are organic matter and by-products from industry and agriculture, followed by natural minerals and chemical
products. Specifically, the main raw materials listed in product registrations were carbonate minerals and oyster shells and most of the amendments
were available in powder and granular forms, with a product registration ratio of approximately 2:1. However, the adoption of the powder products
face challenges in promotion due to dust generation during application. The pH value, CaO content, and MgO content are the core indicators that
most effectively reflect the ability of acidic soil amendments to mitigate soil acidity and replenish soil base nutrients. Even though some of the soil
amendments did not fully disclose these three parameters on their packaging, the experimental evidence indicated that they were highly alkaline and
exhibited high pH values and CaO contents, and most products also contained small amounts of MgO. These measured indicators aligned with their
labeled values or ranges and the XRD and FTIR analyses further demonstrated that the predominant component in the commercially available
amendments was CaCQO:s. In addition, other alkaline constituents such as Ca(OH)., CaO, CaMg(CO:s)., and MgO were also present in some of the soil
amendments, depending on their raw materials and production technologies. Moreover, most of the amendments also contained silicate minerals or
SiO..  [Conclusion] The results of this study revealed that the primary function of the commercially available amendments for acidic soils in China
is the amelioration of soil acidity. However, due to the single functionality of these products, there are significant challenges in market promotion. To
meet the diversified needs of agricultural production, it is necessary to further develop multi-functional acidic soil amendment products that can both
regulate soil acidity and enhance soil fertility, thereby improving product practicability and market competitiveness. In addition, acidified soil
amelioration is a systematic project. Besides strengthening the development of new products, it is also necessary to simultaneously advance various
aspects of work such as soil acidification monitoring and early warning, and integration of acidified soil improvement technologies and models, in

order to effectively promote the improvement and sustainable utilization of China's acidic cultivated land.
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Fig. 1 The application of soil amendments registered by the Ministry of Agriculture and Rural Affairs of China between 2015 and
2022
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Table 2 Raw material information of acidic soil amendments registered by the Ministry of Agriculture and Rural Affairs of China

oK BilHE
R 2R i IR it
Component Registered
Main type of raw materials Specific raw materials Total
class quantity

KERE 1) KBRS ) Hzfi ARA 280 A 132 226



Natural minerals KA FEWCA A BA. . kR

TR 78
Shif. WECh. KA. BERE
TR TR R, AYEA 11
R R4 A 4
HoAt SHEA 1
TAREI = Bl AHFRBEACEL & AR BIR. A, 4
Tl 10
Byproducts of industry P 68
and agriculture AV = e, DsE Ok 58
RIRENA)
. s 2
B
BHHE
LAy = 5
Organic materials E 56 GUkk 2
=]
211}
SRR A B AHEL 1
LT
/ AR B, BCHIR. FEEREIE 24 24
Chemical products
RIFA
/ FERRAT . BRFRES . SA AR RIRES 5 5
Unidentified

AR 7 it 5 A A R PR - A R R R P 1) — SRR, DA EORYECRE H 7 e Tk Al
AV R P TAVEF SoRIEZRE, 78 10 IR HiEsk 1 6 MR IR, X By Tk
7 b RIS FRAEAE B USRI AT L R R R A% o 35— SR BRI ™ SRR ), TN Bm] /g A2 7= 1
PG S ORI R 2 —, IXRRRE T DALY RiAS, IR RE VM IN AL BRI o (BN T 53— SR B R R R B R
G I = DR bied Do So R QT ) N T I S R 2 R v R D o s i
RATREMEATE ) I ERBE R 25 1o MATES RSN — 27 FORTE , AR it BRI U T
BRI ST DA IR SR04, Ao =, EEFRBRIEDvEIGTe. DUFe A, b Bt Te o R % . 4t
Wi I A R TSR I A 1™ i, FREEBERIE YK,  SALWRAR SC BRI T b s Pk e, K
G RYIBE A AT R PR AR EE L 60% LA b, BAIKELS . AR, FREEAF S AL
A TERIBRIRES & 8K T 90%, BRESSMNEE AWM. 2R, . HH5 20 RMIMEITCR A EIE DKL R
M. HALWAFCAE mriliBobe fn BAURBMALE Y, X Le R FLIE T DASE sk AT ROV BR BE 1, RHE — € G2 ke
TER, IEREN IR DS E I e, AL, Kk 52 WCHR AR ] R 1 - S B0, R mT AR B2
fiee PRI B AR P ) SR A 17 B, (AT LASEBUR P BRI, AT — 28 5. XK 1 sl dh
R B R € A PR IR A BB

AHUVPEHEEAC ™ i 1 BV AN R, IR R HURE. AR B i AORIEAN ] =
Ko RRAHDREEACAT AN &, Herhir e 2 — MOmifE A K0 2ERHEAY) , 7R3 B I 13t [X 380
23 Ao IS T e ERACIR AL T B IR AR R, W MR S ] A R A L X AU
PN Rl =T LY Ve U B D SRS oL da S N 0 i R i VAN | 13 47 S N P
BT RAE U BT 7 e F R — i e L AR S ORAPORIT AT R 852 R PRI £ 105T . I 4 V2 ) 2 DRI T 3 AR
2= W SR B AR S B EORE SURRIN R RS B I T R R A K 7 o2 R AR R
PR FL AR 1 B I, PR B N R B S RS DR O o A LR b B SRIEAS B — SR [ R o 7



A S ACME B P AR B T A MR TR BEAT BAR UL, SOCiE S 5038 SHANEA — B0 1R B
TSI T AL T, AR B IR RS, IR JEURHY 2 — LEAR X ) 2 LA R 3L 2
ity 96 A2 3R B 5 AR RS T 42 ) A ) 75
# 3 il LAk Z R B AR A b R 1 L S R R A RME B o AL T HE R, R
SR B ol BB o EEARAR, 1 Rk s R B R R R R B N XE R . R I, 53 2 th R
XFEERTRAREL, v AL i R 8005 S P ) 20.7% 712 25.5%: A BRI SRR T EE
NS, M 15%FETHE 34.5%. X ULHILEL A TGRS, HIE N L T2 dhic s i i 2 i ARk
B s A HLYIRE. — i, 2O IR R AR A DR RR S IR B EA KRN e, 4REeR Aok
REULATEE: 53— 071, TARMLE P S IR TR BRI A A EOR, SRANE 2 1 T AL RN i AT LY
LR SN KA 2R SR IHME, BT LRI HIGE. Rtz oh, LR RS 2R i T b
W] DLRON T B SE B2 7 T R 228 i . L, MR 1~38 3 WTLUE . BRI S5 B0 L F]
FF 2™ dh 8, AR ERR EITRRRERME B, A SR 2 AR R, BRI A 2R H
FRAR AT — D AW T R, — SRR S ROR A i A S i & AU . AT, BRYE
SR PR i) A ORI R K ELRRAN 2 15 OB IR ER AT AL 7
¥ 3 BEXTRMEDIRAEINNESENEFNERMEE
Table 3 Raw material information of China's granted patents for acidic soil amendments

BRI K o 35 5L} TR s
) ) Component - . Registered
Main type of raw materials Specific raw materials . Total
class quantity
TRIRERAT ) Hzfi. fAKA 4
KRG FERREL ) it k. WEE. WA 5 12
N I mi |
aural mineras e WAL LT 3
T B Tl A BRI KR EKE 4
i 14
Byproducts ofindustry and . o= BATK, HLUF. WEF. N, LR 10
agriculture
RIRE WA PRt WrlEl3E. ZLEEHE 4
I WY SR RBIF= R . AR
HHUE TR VR [ R ) %*é—? AN S R AR 5 19
Organic materials i3
SKUFEA B JEHER. HERR. BRMNAER. BER. FRx 10
WL / PUKEMN . TR AR, REESAR. TSR AR, o o
Chemical products ELEEREAE. FURILES
RIEAA / IRRERRSN. LR 2 2
Unidentified

2.3 FWMmIBENERRRNXERE Y

] it S R P ) 2 AR R A SR RE S B g B P R s it B AR VR JSURFAE o T R M - 400 2 7
M, pH. CaO Fl MgO % & /2 fi RE R I TR B 7B RE R AZ O AR b o R4, RS FRDRLRE o it FH 5 R ANt FH 7
AWK FreL, ACH A A 24 Fhis oh s B 48 EFrbRiR i pH 3G A B seil pH,
A48 FT bR R A TR B B AR A A B SEI Y CaO Al MgO &, HIIH B R4 0 A 20l i 1 3~F 5
Fime $IRBRERAT I ARdE (HIEJREEF) @A ZR (NY/T 3034-2016)), BRI f— BAEH ™M
Fe bour HARbR B AT R, H i (R A HAr B E BObR B G R sk . ] 3, 24 PRtk L
BB BRAT 2 iy i (DP10 F1 DP19) RAEHAL%E EARIA™ i pH YU, FT 22 A=, A 3 50



i (DP03. DPO04 1 DP11) KISl pH BEMR TFxil pH JEFE, LA M szl pH 755 PR N pH uFE
o MR 24 FhFEEF & pH XoN5RERME, B DP12 (1) pH A 8.4 4b, iy 23 FEEL MM St pH 1
75 9.2 LA ko B SR I pH AR PUR A IR A, BE i HE pH. 24 R EEAP A
Bixf CaO & M B ARMEHET T AR, &7~ CaO AR & & AT 10%~40%. Xf 7= & 85 & AT 2 5
RIL, PSRBT CaO SEME i K Fa2E48 FIbs e, BiIRe: LR s e R R 1 2
Gy o XA YR T SRR ) RO A I, B 0 CaCOs. £ TR
e R E AN T, WREYM TR ETR, IR TR A G R B = . TR I
2 PS5 (1 [ R R 3 R 3 B 7P 4, S0 R ME 3 BN b SR IS BRI R . 24 FRELFIPE S 8 A4
FEEARIR T MO S A &, B G A 1%~8% . SEFRINAS 24 FhiFFEFH4T 15 B~ 5 MgO & & KT 1%,
VBT o MO [ SEMINE 5 B AR AR B 22 e AN K. BT S, DNASH I TR B0 = S BR E AR BR3 4
B F e m T HAR A EZR, B0 R SRR 0 AR A E R TS 1, FRtE 3R R B A & pH A
A SRR o (2 B R R A S RS S B TR R, SRBE TS o S A 1 R MEARRAE
AT FAE FH # IE0 «

FE T b B 2 ) PO s A 2k 3 (R P R BN ok, R RS TR BT 65.3%, UKL o e U
34.7%. VLEAULI= SR R, HAER L, HUCOBRLR, MK R R M R B . R
FH 0 43200 15 A S AR 21011 24 P & 3B BRI FRLAR 23 AN 5 o, 3T I 5 FRURLR] 1 40 B 458
B—, 4RZHORARTELE 2~5 mm [X[A]. 19 Floky 7107 i (] AR 20 5 22 5 WU AR 8K . Bk DP5 4b, R FTH
KA E S A R I AR AR AN KT 0.25 mm, IXEIRIE T LBy A N B SR, BB AT
VAT S IR R TR, IR R BOEAE . (HARERIE, AP, TR B RN RN 4 4 R
HABAFRIEEI . SEE TR R, X2 T = A T AR e RS ERR N T2,
R RN EAR —E . B AR, IR SR E 5 B2 SR A i st k. B Al
Rt IR B R R B DU RN, SRRl COKYE” MA, FE P AR, BN Bl
NFEL, fEH AR, AFT 7= M.

14 ~ [ w48 EPrRiR\pHYEE The pH range indicated on the packaging bag
m 5ZlpH The measured pH
13 |
12 |
n
11 | —
I
o
10 |+
u n -
n
gl
. L]
sk
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
SO LD LA DO ININIHYNYILONDOISNYNLVOLY YL
SIS S LSS SISO S S
FFTFTITITIFTFTFTIIIISTSSIIIEESESES

#: DP10 1 DP19 B/~ fh 4% I AhRiR pH 5. Note: The packages of products P10 and P19 do not specify a pH range.

3 24 Fofr it S PR CL KRR BTSN pH Y L RIRE & S pH



O A4S FATARRIIMgORIL & & The content of MgO on the packaging bag

B RS TR CaO Ik & & The content of CaO on the packaging bag
O SIMgO% & The measured MgO content

& S2CaO% & The measured CaO content

Fig. 3 The pH ranges indicated on the package of the 24 types of acidic soil amendments and the measured pH of these amendments
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Fig. 6 X—ray diffraction (XRD) spectra of the 24 types of acidic soil amendments



MLLAN R R W (B 7), DP6. DP8. DP9. DP16. DB18 Al DP19 7E iRk % 3624 cmt /& 47 i B g
B, ZIEAERE (OH) HMEERzI00, X —45 R 5% 6 P BRI P2 3y &F Ca(OH): I 45 FAH
Wy&, HEEF]H Ca(OH)2 H¥)-OH fEZL AN Gl LA —E M Wlil. 7E 1430 cmt /24, KR DP7. DP10.
DP11 A1 DP14 PUFhif 37 R UAE B 55 4k, FoaRr™ i W S e 3 e il W & . k4, B P7. DP10. DP11 Al
DP14 4b, AR TAG ™ MAE 870 cm™ A RE1 WLl . Z PR A E I 73 A BRIR £ (COs2) IR
BN SRR S R 2 R S e nel, g — P T R EE R A A kIR SR (A /£ . DP7. DP10. DP11 Al
DP14 PUFhiF B 1) XRD K1 CaCOs IIATHHIERLSS, X 5 4F AIIX 247 AR A LD A MWL B2, 9%
#1410 em Lb (1 28 ZM RSO R B IE T R AT D ERAR PR BRI R 2 I P - R SR 00 R R . Lk Ab,
YR Z AR S AE 1040 emrt Kb A7TEAN [F) 5 55 P2 BE AR IS, 12204y Si-O BRI ARFE N, UL R BT
FE ST SO, BREERR RN 4. 454 TS b IR B 0 EORMFIE AN T T2, IR E I L4t
WS Rt — AR T R B EEE ) IR . TERR IR AL

3640 1430 1040 870 3640 1430 1040 870
P DP13
DP14
DP15
DP16
DP17
DP18
DP19
GR1
GR2
GR3

GR4 \___

GRS AU

1 1 L L L L 1 1 1 1 1 1 1

4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500
%% Wavenumbers /(cm™) EEL Wavenumbers /(cm™)

DP1

DP2

Il

DP3

DP4

(L. L

% Absorbance
%
{
%% FE Absorbance

DP9

/L

AT €

DP10

DP11

;
(
N
BNINIASA

DP12

-

7 24 FhEgME T IREER T Ay FTIR B
Fig. 7 The FTIR (Fourier transform infrared spectroscopy) spectra of the 24 types of acidic soil amendments

34 #

PR e R B0 2 H RT3 E T4 b= i B e 2 I R R B R 2R, Bk 78%. AHOGAE ] RKAES
REAMLARERZ, W Hdb. Wb, VB R . IR A= AL AE B 20 A0 52 13 75 5K
JERF = AR R R R AE S5 R 2 AT o R Bt - 33 B 70 0 SRR BN T 5, R B R IR BUR 458
Ko CFRBUR B L rb B B JE R B U BURLAT T AL 7= 5o X, RS WIAME Tk . i
an SO E B A I AR SCUABRRE K . AR R B R S ™ P R 5 9 2 o 8 ) i 5 e M L 3 R 7 ) .
SRR UE B RO A R WL SR, B IR B R A s pH A S 1) Ca0 & &, K4 it
TAHDER MgO. b T EREAEA A E, MEEFT/NT 025 mm BIXE, K ST
53R A1, (HIRARBR R B2 R K . XRD Al FTIR 43 #r 485 SR 7 3R E T et 351
HEFIA B R A CaCOso 477 i I EA BRI T T A, 844 Ca(OH),. CaO. CaMg(COs)2» MgO
H—FhEL P, X RIS RS R AR DR R T A A . A, BRI R I, R 2 R
PEREL A OE 5 A RERR SR R SO, SR . T LLEH, BRYE RSB SR R TR B
T TEHAE . RERE A RZ R I B S, (T I ) - i Ak il AT SR A7 AE . B
PA, BRERETTREBTAL™ bR SN, it H IR AT 52 WrEoR . Ak P e s I 33 i R R AL 3
SR R SR il 75 R0 it



SEER References

[1] Zhao X Q, Pan X Z, Ma H Y, et al. Scientific issues and strategies of acid soil use in China[J]. Acta Pedologica Sinica, 2023,
60(5): 1248-1263. [4*# 3%, Wt &, Die 2, 5. b [ R 1k 1 3R A (0 )2 a5 HEmE 0], 3274, 2023, 60(5):
1248-1263.]

[2] Tian D S, Niu S L. A global analysis of soil acidification caused by nitrogen addition[J]. Environmental Research Letters, 2015,
10(2): 024019.

[3] Chen X H, Yu W H, Cai Y Y, et al. How to identify and adopt cleaner strategies to improve the continuous acidification in
orchard soils [J]. Journal of Cleaner Production, 2022, 330: 129826.

[4] Fan B B, Peng Y T, Zhang R, et al. Trend of soil conditioner in China based on bibliometric analysis on patents[J]. Journal of
China Agricultural University, 2021, 26(6):141-149. [J& VL1, &25%, %M, & 2T TR0 ERE TR E R L R
B[] T ERL RS2, 2021, 26(6):141-149.]

[5] Ren TY, Wang P S, Yuan S H, et al. Bibliometric analysis of acid soil conditioners based on patents and products database[J].
Soils, 2023, 55(4): 860-870. [{EHET:, EMI, =/KE, 5. HeTHFIF™ B0 R VE 3 0 B0 QIR R AT [9]. 3%,
2023, 55(4): 860-870.]

[6] Guo J H, Liu X J, Zhang Y, et al. Significant acidification in major Chinese croplands[J]. Science, 2010, 327(5968): 1008-1010.
[7] Chen JJ, Guo X Y, Li Z Y, et al. Amelioration of acidic purple soil with calcareous purple mudstones[J]. Acta Pedologica Sinica,
2025, 62(3): 766-778. [Fhdhfh, Fh0if, MR, & UK ORGSR ORI RBCRIT ], 13E224)R, 2025, 62(3):
766-778.]

[8] Li T, Yu L, Wan G H, et al. Spatio-temporal variation of farmland soil pH and associated affecting factors in the past 30 years of
Shandong Province, China[J]. Acta Pedologica Sinica, 2021, 58(1):180-190. [Z=%%, T3, Ji/ €, 2. if 30 E 1L 54 #F i+ 35
pH I 23 AR A HRAE R s R 35 [J]. 324K, 2021, 58(1): 180-190.]

[9] Zhang Q, Zhang Y C, Zheng C, et al. Temporal-spatial changes of soil pH value in the grain production functional areas of
Guangdong Province[J]. Chinese Journal of Soil Science, 2020, 51(4): 775-783. [3k#F, Tk& 4, H#E, . | FMW AL~ DHERX
+48 pH {1 B9 S AR HRAE[J]. 3R, 2020, 51(4): 775-783.]

[10]Chen X, Zhang J E, Xiang H M, et al. Study on the changing trend of acid rain in Guangdong Province from 2008 to 2018[J].
Ecology and Environmental Sciences, 2020, 29(6): 1198-1204. [:Jit, #Z 8, MIEfg, 5. 2008—2018 4/ ZRE TR W (7R 1k
A T[] ESIHEIZER, 2020, 29(6): 1198-1204.]

[11]Zhou H Y, Xu M G, Cai Z J, et al. Quantitative analysis of driving-factors of soil acidification in Qiyang County, Hunan
Province[J]. Scientia Agricultura Sinica, 2019, 52(8): 1400-1412. [, 1RMAR, 5T, 2. IR 0P & IR ER 1k = B UK 3)
IR DT[] P ELRARLE, 2019, 52(8): 1400-1412.]

[12]Liu L, Zhang Y L, Yu N, et al. Soil acidification characterics and causes analysis in Changtu region in Liaoning Province [J].
Journal of Shenyang Agricultural University, 2012, 43(2): 173-178. [XIWN, 5K £, B, 2. T GIS (L b3 X + iR
PAFAE B F R A3 BT ——LL B B E R BII]. TEFE ALK 2440, 2012, 43(2): 173-178.]

[13]Zhao Q G, Luo Y M, Teng Y. Strategic thinking on soil protection in China[J]. Acta Pedologica Sinica, 2009, 46(6): 1140-1145.
DRCECE, BRoKH, JReRE. v e rdr W s 5 [3]. 32241, 2009, 46(6): 1140-1145.]

[14] LuJ S, Cong X Q, Li Y D, et al. Scalable recycling of oyster shells into high purity calcite powders by the mechanochemical
and hydrothermal treatments[J]. Journal of Cleaner Production, 2018, 172: 1978-1985.

[15]Hua Y T, Yu J M, Ji B L, et al. Effects and mechanisms of biochars derived from co-pyrolyzing municipal sewage sludge and
Enteromorpha prolifera on microbial necromass carbon in coastal wetland soil[J]. Soils, 2025, 57(1): 95-106. [{fE E1&, T4RK, &
VRS, S BTG KT Ye-T TR AR A T AR IR 1 e S G A ) A Bk PR s B LML) 1388, 2025, 57(1): 95-106.]
[16] Rasuli F, Owliaie H, Najafi-Ghiri M, et al. Effect of biochar on potassium fractions and plant-available P, Fe, Zn, Mn and Cu
concentrations of calcareous soils[J]. Arid Land Research and Management, 2022, 36(1): 1-26.

[17] Chen J J, YuJF, Li Z Y, et al. Ameliorating effects of biochar, sheep manure and chicken manure on acidified purple soil[J].
Agronomy, 2023, 13(4): 1142.

[18] Yuan J H, Xu R K, Zhang H. The forms of alkalis in the biochar produced from crop residues at different temperatures[J].
Bioresource Technology, 2011, 102(3): 3488-3497.

(FfEw%E: BiHAD



