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23°C ~24°C 1400 ~ 1 800 mm
B 10
(G B
x1 FEMNE. HIREBSRLM T FR
Table 1 Sampling location, soil types and ages
( ) (Ma){'-]
(HB02) 0.09 £ 0.02
(HB12) 0.18 £0.08
(HB09) 0.60 £ 0.02
(HBO1) 1.12£0.02
(HB07) 1.81 0.08
(HBO6) 2.30 £0.025
1.2 1h
1.2.1 4 pH pH
KCl - pH H" OH
HF-HNO;-HCI1O,4 HCl NaOH NaCl
DCB pH
pH H'
CEC (pH 7.0) OH 3
HF-HCIO, ICP-AES pH
1.2.2 (3]
2
- - (DCB)
2.1
300C 550C X
CuK-alpha (A=0.154 06 nm) )
40 kV 40 mA 2°(20)
1.2.3 el 120 pHH,0) 9  (HB02)
05¢g 50 ml 3 6.22 112 (HBO1) 5.03 230
10 ml 0.1 0.01 (HBO06) pH(H,O) 5.33
0.001 mol/L  NaCl 10 min B pH B
0.01 mol/L HCI H,O pH KCl
NaOH pH2~9  pH (7]
CO,
20 ml 25C 3 (10]
*2 TIEMERMER
Table 2 Basic properties of soils
pH soc CEC,
(cm) H,0) __(KC) ___(o)(kch _ (@ke)  (emol/kg)  (g/kg) (g/kg) (g/kg) (%)
HB02 10~ 15 6.22 4.68 1.54 10.59 13.77 192.96 84.99 9.18 44.05
HBI12 20 ~ 30 6.06 4.80 1.26 20.43 17.29 194.08 122.63 18.20 63.18
HB09 35~40 5.08 4.44 0.64 12.98 7.89 231.17 163.67 3.09 70.80
HBO1 65 ~ 85 5.03 4.42 0.61 8.71 7.24 211.32 160.98 2.81 76.18
HBO07 60 ~ 80 5.33 4.52 0.81 5.35 4.74 233.00 183.11 4.68 78.59
HBO06 60 ~ 80 5.33 4.80 0.53 6.23 6.42 180.45 156.57 2.90 86.77
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6 180.45 ~ 233.00 g/kg 18 (HB12)
84.99 ~ 183.11 g/kg 230 CEC CEC
(HBO6)
3 SiO,
Fe,O; ALO; Ca0 MgO K,O Na,O
44.05% 60
86.77% (R* = (HB09) Fe,0;  ALO; B
0.92) SiO,
9 (HB02) 18
(HB12)
(18] SiO, [21] (Sa) (Saf)
60 (HB09)
(1] 230 (HBO6) Sa  Saf
CIW CIA
87.93% ~99.81%  84.09% ~ 99.35%
CEC K Na Ca
pH CIW CIA
(201 CEC  4.74 ~17.29 cmol™/kg
x3 TtEDHAXETE
Table 3 Major elements of soils
SiO, Fe, 04 Al,O4 CaO MgO K,O Na,O P,0Os MnO TiO, Sa Saf CIW CIA
(mg/g) (%)
HB02 423.05 140.93  208.44 5.51 20.08 9.96 11.30 1.64 1.99 27.53 3.45 241 87.93 84.09
HB12 434.46 139.43 170.01 8.42 18.54 1.77 2.70 4.54 3.07 28.52 4.34 2.85 89.58 88.68
HB09 323.53 176.92  266.89 0.12 2.28 1.14 0.18 2.85 2.00 41.01 2.06 1.45 99.81 99.35
HBO1 343.08 165.27 265.18 0.11 1.71 1.55 0.22 1.26 1.44 41.31 2.2 1.57 99.79 99.16
HBO07 340.69 175.06 272.01 0.18 2.57 1.75 0.27 5.11 2.15 34.92 2.13 1.51 99.72 99.03
HBO06 422.08 143.30  246.28 0.09 1.41 1.63 0.22 0.88 1.15 26.84 2.91 2.13 99.79 99.08
2.2 PZC 4~6
PZC
1 PZC PZC 4.1~
2.85 3.40 4.00 4.00 473  5.00 6.0124 B PZC 38~62
PZC 20 A
PZC (6]
PZC (61 PZC
PZC 3.45 60 ~ 112 PZC
4.0 31 PZC 3.90 PZC 181
3.35~3.50 2.96 ~3.12 [22]
PZC 3 ~
4 PZC 2:1
PZC
181 2:1 PZC
PZC 60 ~ 112 PZC 2.5
PZC Keng  Uehara!®! 2
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Fig. 1 Potentiometric titration curves of soil B horizon of a soil chronosequence
201 0.357 nm)
PzZC H" 230
PZC
PZC 6 ~91 (0.485 nm)
DCB PZC (6] (1.42 nm) Tschapek 7
PzZC PZC 2.8~48 PZC
73 ~ 7.8 PzC 2:1
PzZC PzC 1:1
PZC (28]
PzC
6 XRD
( 2 He [2U PZC 63 6.5
(0.721 nm PZC PZC
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1 \
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Fig. 2 X-ray diffraction patterns of the clay fraction from soil B
horizon of a soil chronosequence

1 6
(ZPT  zero point of titration
pH)
Gy
[16] 9 18 6, 20 cmol/100g
pH 285 34
20 cmol/100g 60 112
4 3.8 cmol/100g
4.4 cmol/100g 181 230
o 0.4 cmol/100g 0.2 cmol/100g
201
PZC ZPT PZC = ZpPT?*
G1
[18]
pH
pH
pH
[3]
( D

CEC (

2)
23
PzZC o, ZPT
Jiang U™ 1
B pH3 133 229
pH5~6
9 18 B PZC 285 34
60 112 PZC 4 181
230 PZC 4.75~5
( 3)
B PZC
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PZC 4
B PZC 5
6
5 R*=0.9386
4
NE
2
1
0 . . . . ,
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B3 BEITERGEAMEEFRNTK
Fig. 3 Change of soil PZC from B horizon with age of basalt
Hendershot Lavkulich®®" ApHpzc(
PzZC pH )
PzC
ZPT o, PZC pH ApHpzc
ApHpzc
(4 PZC
pH(H,0) 9 3.37 230 0.33
ApHpyc (R*=0.93)
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*x4 TIEH PZC. o, RApHpzc
Table 4  PZC, o, and ApHpzc of soils

PZC G pH ApHrzc
(cmol/kg) (H,0) (KCI) (H;0) (KCI)
HBO02 2.85 20.0 6.22 4.68 3.37 1.83
HB12 3.40 20.0 6.06 4.80 2.66 1.40
HBO09 4.00 3.8 5.08 4.44 1.08 0.44
HBO1 4.00 4.4 5.03 4.42 1.03 0.42
HBO07 473 04 5.33 4.52 0.60 ~0.21
HBO06 5.00 0.2 5.33 4.80 0.33 ~0.20

pH(KCI)  PZC

ApHpzc
(
) ( CEC
) (2
[8] PzC
( 5 pPzC
ApHPZC CEC
Sa Saf CIW CIA PZC

x5 FELEEIFSHKLEREQIEREYE

Table 5 The correlation coefficient of different developmental indicators with soil parent material age

CEC, Sa Saf CIW CIA ApHpzc PZC
(H,0) (KCI)
-0.81" 0.71 0.74 0.87" -0.50 -0.44  0.76 0.74 —-0.88" -0.91" 0.95"
PZC
[1] . M].
1996: 24-31

[2] Sposito G. On points of zero charge[J]. Environmental
Science & Technology, 1998, 32: 2 815-2 819
[3] . (ZPC) [J].
, 1981, 18 (4): 345-352
[4] Gallez A, Juo ASR, Herbillon AJ. Surface and charge
characteristics of selected soils in tropics[J]. Soil Science
Society of America Journal, 1976, 40(4): 601-608

3 [5] , , , )
s , (PZC)
(PZNC)[J]. , 1999, 36(3): 361-368
[6] , . —
. . 1992, 29(3): 296-301
[7] . [1.
PZC , 1989, 9(4): 358-363
ApHpzc (8] ,

PZC 1. , 2000, 20(4): 337-342



2 353
[9] , . 588-593
[J1. ,2001, 21(3): 207-212 [20] [M]. ,2000: 165
[10] R s [21] He Y, Li DC, Velde B, Yang YF, Huang CM, Gong ZT,
[J1]. , 2010, Zhang GL. Clay minerals in a soil chronosequence derived
47 (4): 776-780 from basalt on Hainan Island, China and its implication for
[11] S s s s s s s pedogenesis[J]. Geoderma, 2008, 148: 206212
— - [22] ZPNC  ApHpzc
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Dynamic Change of Point of Zero Charge Along a Typical Soil
Chronosequence in Tropical Hainan Island and Its Implications
for Pedogenesis

ZHANG Xin-hui'?, ZHANG Gan-lin'", YANG Jin-ling'

(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The change of point of zero charge (PZC) with soil development degree and its implications for pedogenesis in
tropical areas were discussed in this research. A soil chronosequence consisting of six soil profiles with age ranging from 0.09 Ma
to 2.30 Ma, developed on basalt in the tropical Hainan Island, were collected. The means of potentiometric titration in different
electrolyte strengths was used to measure the soil PZC, and the mineralogical composition was determined by X-ray diffraction
analysis (XRD). The results showed that the soil PZC increased with increasing basalt age and degree of soil development, which
may be due to the change of clay minerals and the enrichment of iron oxides. The potentiometric titration curves indicated that the
permanent negative soil charge was reducing during soil development, combined with the decline of soil fertility retention ability.
Compared with some other indices, the soil PZC could be a better indicator to evaluate the soil development time and soil
weathered degree.

Key words: PZC, Tropical soil, Soil chronosequence, Soil development degree
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