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Abstract: [ Objective ] This study aimed to investigate the effects of parent materials and initial soil pH on the resistance of soils
to acidification. [ Method ] Twelve soil samples derived from different parent materials under tobacco-cultivation were collected
from Wuling Qinba District, China. The pH buffering capacity (pHBC) of the different soil samples was determined by acid-base
titration in the pH range 4.0 to 7.0. Additionally, the changes of soil pH, soluble Al and exchangeable Al following acid input
were investigated through simulated acidification with HNO;. [ Result] The results showed that soil pHBC was significantly
affected by parent materials and initial soil pH. Due to the depletion of buffering substances in soils by acidification, the pHBC of
weakly acidic yellow-brown soils and yellow soils (11.79-45.15 mmol-pH "-kg™") was lower than that of neutral yellow-brown
soils and yellow soils (23.74-141.53 mmol-pH "-kg™"). Therefore, the decrease in soil pH and increase in soil active Al in neutral
yellow-brown and yellow soils were slow during the simulated acidification, indicating a weak acidification potential. Among the
neutral yellow-brown soils and yellow soils, the soil pHBC increased with an increase in carbonate content in soils. The soils
derived from limestone and carbonate parent materials reserved more carbonate (21.14 and 1.18 g-kg™), which led to a higher
pHBC than soils derived from quartzite and siliceous parents. However, the opposite tendencies were observed in the weak acid
yellow-brown soils and yellow soils. In weak acid soils, the exchangeable base cations played the major pH buffering role due to
the exhaustion of carbonate. Compared with the soils derived from limestone and carbonate parents, soils derived from quartzite
and siliceous parents contained more clay and organic matter, which provided more H" exchangeable sites and was thus beneficial
to buffer exogenous acid and slow down the activation of soil aluminum during acidification. Among the 12 tested soils, the
acidic yellow-brown soil derived from pelite was extremely sensitive to exogenous acids due to the lowest pHBC
(11.79 mmol-pH "kg™"). When 6 mmol-L™" HNO; was added, the pH of the acidic yellow-brown soil derived from pelite was
lower than that of the acid yellow-brown soils derived from carbonate parents and siliceous parents (by 0.74 and 1.10 pH units,
respectively). Correspondingly, the soluble Al and exchangeable Al in the acid yellow-brown soil derived from pelite were
significantly higher than those in the acid yellow-brown soils derived from carbonate parents and siliceous parents. [ Conclusion ]
The acid yellow-brown soil derived from pelite presented the highest potential acidification risk. Thus, it is necessary to pay more
attention to the acidification trend of soils derived from pelite and improve the resistance of these soils to acidification through
the application of organic fertilizer. These findings provide significant guidelines for the management of soil acidification during
continuous tobacco cultivation in the Wuling Qinba region, China.

Key words: Parent material; Tobacco-planting soil; pH buffering capacity; Soluble aluminum; Exchangeable aluminum
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Table 1 The basic information of soil sampling sites
FERi S T Al Hb A B T ) X35 4 (N) %P (E) %13
Sample No. Soil type Location Parent materials Region Latitude Longitude Altitude/m
1 R Wb it ivE ey REELIX 29°58'42" 109°23'59" 930
2 Yellow-brown soil -y 1t s s BERR MBI 29°5349"  109°31725" 1247
3 WAL+ e A ZMINX 32°06'36" 110°54'41" 778
4 Wb Bt IR ER 5 R X 29°57'54" 109°23'56" 1047
5 4 Bt A Kz X 29°53'49" 109°31725" 1247
6 Wit 11 beAigay ZEX 32°03'36" 110°30'04" 784
7 BhE YA RE IR bz il X 30°05"23" 108°31'12" 1374
8 Yellow soil A FeE RS KBS X 29°55130" 108°17'09" 1303
9 HR A A RE REEIX 29°55'32" 108°17"23" 1277
10 HRAHE VaEE o KBz WX 29°51'59" 108°20'39" 1414
11 TR A ARE R X 29°56'54" 108°18'51" 1341
12 R A ABEE Kbz I IX 29°58'41" 108°22'21" 1393
%2 FRABRABEFENFENEREBLER
Table 2 Basic properties of the yellow-brown soils and yellow soils derived from different parent materials
e A L BE B B 1 HUBLH % >
BRERES M E AL
Exchangeable acidity / Exchangeable base cations/ Mechanical
T HEGRS CEC"/ CaCO; Organic
pH (cmol'kg™) (cmol'kg™) composition/%
Sample No. (cmolkg') equivalent/ matter/
Fkr OBYRL DR
H' 13AF K'Y Na' 12Ca 1/2Mg” (gkg')  (gkg')
Clay  Silt Sand
1 6.47  0.00 0.00 162 0.09 1491 1.42 16.9 1.18 29.2 440 399 16.1
2 635 0.00 0.00 0.84  0.00 6.38 0.82 14.0 0.20 30.1 424 377 199
3 6.55  0.04 0.05 1.19 021  13.20 4.17 13.0 0.50 9.1 273 358 369
4 5.06  0.07 0.12 147 027 8.66 0.96 16.1 N.D.* 28.5 475 482 43
5 5.09  0.07 0.08 313 027  15.06 1.14 19.9 N.D.* 46.1 50.6 438 5.6
6 511 0.19 0.43 029  0.16 2.92 1.08 6.3 N.D.* 6.8 6.5 227 708
7 7.60  0.00 0.00 1.67  0.14 NT.* 154 15.2 21.14 35.8 37.7 337 286
8 729 0.00 0.00 233 0.00 NT.* 544 22.4 5.29 28.7 392 368 24.0
9 579  0.00 0.05 209 014 1434 1.38 16.8 1.72 42.6 394 482 124
10 505 0.08 0.14 217 023 8.00 1.10 12.0 N.D.*’ 23.1 36 541 99
11 451 022 2.15 0.9 0.11 0.39 0.48 12.0 N.D.*’ 23.5 354 421 225
12 456 027 0.75 385 0.17 5.70 1.06 14.7 N.D.*’ 22.6 473 462 6.5
: 1) CEC: FHESFacHsr; 2) MU MR FHBOCRLEE G & ; 3) N.D.: Rkuth ; 4) N.T.: K#. Note: 1) CEC: Cation

exchange capacity; 2) Mechanical composition was determined by laser particle size analyzer; 3 ) N.D.: No detected; 4 ) N.T.: Not test.
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Table 3 Mineral composition of the soil/%
e A1
TG LVl Kzbk N A 3/ A KA Tt Hzf
Sample No. Vermiculite Hydromica  Amphibole Kaolinite/ Chlorite Quartz Feldspar Calcite Dolomite
Chlorite
1 3 2 0 2 0 88 5 0 0
2 3 1 0 2 0 93 1 0 0
3 1 9 2 1 0 59 28 0 0
4 2 1 0 1 0 88 8 0 0
5 1 0 0 2 0 92 5 0 0
6 9 3 0 0 12 32 44 0 0
7 2 1 0 3 0 89 4 1 0
8 3 1 1 2 0 85 3 0 5
9 0 3 0 2 0 90 5 0 0
10 2 1 0 1 0 92 4 0 0
11 0 2 0 1 0 95 2 0 0
12 4 2 0 2 0 87 5 0 0

W Y E G R T ) ) SRR AT S e S AR W R AT AT LU . Note: Mineral percentage content is the ratio of the
strongest diffraction peak of minerals in the soil sample to the strongest diffraction peak of standard minerals.

150 —O— WMk EE Y - it Carbonate rock parent material
70k —O— ®EEY TR Siliceous rock parent material

—— IR A FER Pelite parent material

35

10 15

20

55

5.0+

45+

40

35 1 1 1
0 2 4

o F
oo

HNO, #¥JirE: HNO, added/(mmol-L™)

K’ 2

AN BREFUR B B AR R b - pH B84 (a. #0147 pH~6.5 EH3%; b. WI4h pH=5.0 BFRHE)

Fig. 2 Soil pH change trends of yellow-brown soils derived from different parent materials with increasing HNO; addition ( a. Yellow-brown

soil with initial pH=6.5; b. Yellow-brown soil with initial pH~=5.0)
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— I Wt T2 0 KA KB FOR pH 8w, 5T

http://pedologica.issas.ac.cn



2 3 B8 A e 28 L 1L XA [ RR AR 0 - SRR A PE RERIF 5 373
—[O0— {1 JK %5 Limestone parent material - O - AR Quartzite parent material
6.5 52

6.0 5.0

55 4.8

5.0 4.6

4.5 4.4

300720 20 0 2?6_1(1)0 o2 4 6 s 10 M

HNO, #¥ i HNO, added/(mmol-L™")

B3 A[FEEE RS SRR b A& b 4% pH 781k (a. #1465 pH~7.5 BHE; b, ¥I46 pH~5.5 #HE; c. ¥t pH~

4.5 )

Fig. 3 Soil pH change trends of yellow soils derived from different parent materials with increasing HNO; addition ( a. Yellow soil with initial

pH=7.5; b. Yellow soil with initial pH~5.5; c. Yellow soil with initial pH=4.5)
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Fig.4 Change trends of soluble Al in yellow-brown soils derived from different parent materials with increasing HNO; addition
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