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pH and the exchangeable aluminum content in acid soils as affected by parent

materials and cropping systems

GUO RDI’lg-Fa s Y ANG Jie-Wen (College of Agronemy, Zhanjiang Ocean University, Zhanjiang . Guangdong, 524088 ,China). Acta
Eceologica Sinica,2004,24(5) ;984~99(.

Abstract: As a result of high annual average temperature and plentiful rainfall, acidity of soils in south China was intensive and
a large number of exchangeable aluminum (Al) was accumulated in the soils. Impacts of exchangeable Al on soil properties,
soil fertility, and Al toxicity to living organisms have received ample attention. Limestone fertilization has long been regarded
as an effective measure to alleviate the toxicity of soluble Al to crops planted in acid soils. Acquirement of the status of pH as
well as the amount of exchangeable Al in these soils was essential to resolve the problems above. This paper presented the
influence of parent materials and cropping systems on the pH and exchangeable Al content in acid soils. Three types of natural
soil samples, namely red soil, latosolic red soil, and latosol were collected from north (Guangdong Province, its central, and
Leizhou peninsula respectively, which were all representative of local soil type. Soil samples from corresponding cultivated land
were alsa collected. As the results shown, the average pH value of these surface natural soils (0~ 20cm) decreased as the
following sequence: 5. 29 for red soil originated from limestone>>4. 77 for latosolic red soil originated from granite=4. 70 for
* latosol originated from basalt. As for the value of exchangeable Al content in the same soils. the sequence turned into 5. 0
cmol/kg (1/3A1F*) for red soil<C20. 7 emol /kg (1/3A1°) for latosol< 45. 6 cmol /kg(1/3A1°") for latosolic red soil. Both pH
and exchangeable Al content in the soils, however, changed to some extent after planting crops. pH of red soil became the
lowest among these three soils after planting tea though the soil was inherited from limestone with the highest pH value of
natural soils. At the same time, the average exchangeable Al content in surface red soil {0~ 20cm) was significantly increased
from 5.0 to 47.4 cmol/kg (1/3A1**Y ), which mainly resulted from use of physiological acidic fertilizer such as KCl and
(NH,2,30), for a long period in the tea plantation. In addition, the average pH value of soils was increased after planting paddy
rice, which could be attributed to the depletion of hydrogen ions (H*) during the reduction of Fe or Mn oxides in soils by

reductive substances produced during the decomposition of organic matter under flooding condition. Exchangeable Al content in
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these paddy soils was also larger than that of corresponding natural soils. which might result from the disspluticm of Al oxides
by organic acid. Finally, the average pH value of soils was increased after ratation of peanut. while the average exchangeabie
Al content decreased because some parts of them were exchanged by Ca’t which was introduced te soils after fertilizing
limestone. Then these Al were precipitated and turned to be nonexchangeable. As a conclusion. pH value and exchangeable Al
content in soils were jointly determined by their parent materials and the crepping systems as well, which should be taken into
account in the amelioration of acid soils.

Key words:pH: exchangeable aluminum; parent materials; cropping systems
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Table 1 General description of soils studied
BT FeFf B 53 TN EREE 25 FUH B N NEH ) it 5a =R (kg/hm?)
Profile No. [Location Soil type Parent rock Using way and time Mean yield in recent vears
1 Bl @R G AR Aka B4k 1380
2 Bk SR IR gD AR S Fap ¥ =1 A48 1 Y 2
3 BorEEEGE T o« Hg aKa SE:Jant: g
4 N A BT e o £ g T AkKE FhFE F 1 (310 4870
5 B Ak 3 8 3 3 5 O g AR 40 HRAD SR I (35) 963
8 BAFEBERGRHT g1 Y EERAED Pl RWE3 (18) 4550
7 BALEREED '4p: 2 AFEED B ATE® 8 6310
8 BibEEAET LG BRAED FRIEAKRS®2 (14) 6130
9 LI b A 4T 3D GRER® R K O3 (14) 5080
10 WLEBEEY AR S HRAEC BAEEDL (7 2450
11 BibR@aET & HRES BELED2 (D 2530
12 H b E 2k HERET HAEEEDS (8) 2385
i3 B+ B ke ptaR: e SR g
14 BRI O piAR: i k- EE: 3 p: | K
15 BHWITAHLD pEAR: & piA= Al SE - fa ok Xk
16 AR ESKIGY AR i $=il AP QD 3870
17 o B A R R RFE PiFAR: £ yio Eral FEAR®2 (10 4150
18 BT AT EAR:: 35 i =R PR ZEAE3 Qo 3785
19 BHRILEQY FOE® AR g AR Q% 6860
20 BHRITERH® FRET WD iAok g AEY2 A9 6835
21 15 P S Y AR 10 i Bl KRBT (23) 7520
22 BHREATIENY DiEAR: 1 ERAEY BEEAET] A 2580
23 B R ETBRY piAR: T iR - WEEET2 (D 2655
24 BB Mk 4T ikl $AEHEEDS (12 2750
25 FEMENC AR A ERE® SR 3 ok: L)
26 CPu kb e LT D ZREO HRLHEB2
27 = HEREE 134R: 48 wERED S8 ok K
28 EM¥EREANE B 4L | ERae I ERE (D) 3365
26 EMB ek MN® AR U EREY FRHEERT2 QD 3810
30 B W EH® A A KiRAe A FHC3 (100 3648
31 =y E i1 FELTIRY ZRAC KRR (220 8768
32 1= Bub AR iga: L ERAET FAE A FED2 (200 7004
33 =MD B 41 iU ZRET FHRAED (20 7210
34 BEMERD AR 3 ZEEY SBEEAEDL (15) 2430
35 Pl AW FELRT ZEa" RS2 (10 2556
36 gl A [TFAR . 3 ZEa? BIEEETS QO 2603

» BAEEERUHEEERNE. ESHEEHIEYH 4 The rolation of peanut indicates to take peanut as dominant crop and to rotate
other crops of dry land ;1) Yingde in north Guangdong .{&Enping in cenrral Guangdong . @ Yangjiang in central Guangdong,Dzehual in central
Guangdong s & Enping in central Guangdong, ® Gaczhou in central Guangdong, 3 Longmen in Leizhow, @ Huzhou in Leizhou, @ Xingfu in
Leizhou, {0Kelu in Leizhou,@)Fucheng in Leizhou,{@Red soil . @lateritic red soil,{#Latosol , i3 Limestone, {@Granite , (DBasalt ,A®Natural soil , 1§
Planting tez,20Planting paddy rice ,2DRotating peanut
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Table 2 pH and amounts of exchangeable aluminum in soils as affected by the type of parent materials
+ B Depth (0~~20cm) + B Depth (20~40cm)

% 8 ltem oH TS oH SR _
Py o5 Po.or emal/kg(1/3A17 ) Po.os Po. oy emol/kg (1/3A13%)
(H:0) . (Ho O3 ,
Exchangeable 2luminum Exchangeable aluminum
BitaXaERHEOK
Red soil originated from limestone in north Guangdong Province
H#k 4 8 1 Natural soil 1 5. 31 5.1 5. 34 1.2
B #2 + 3 2 Natural soil2 5. 30 4.8 5.32 3.2
H#R 4 M 3 Natural soil 3 5. 26 5. 2 h. 25 2.4
W B1{E Mean value 5.29 g A 5.0 c C 5. 30 2.1
WHEHEEBE RN
Lateritic red soil eriginated from granite in central Guangdong Province
H#R 1 ¥ 1 Natural soil 1 4. 75 45. 7 4. 90 411. 3
B# 1 2 Natural soil 2 4. RO 44, 9 4. 8§ 45. 3
H #2 4- ¥ 3 Natural soil 3 4. 72 46, 3 4. 81 48. 2
- #1{H Mean value 4. 77 b B 45. 6 a A 4, 86 A4. 3
BEMZRAEREHLOHN
Latosol originated from basalt in Leizhou peninsula
H# 1 I 1 Natura] seil 1 4. 65 18.5 4, 70 16. 8
H#R + € 2 Natural soil 2 4, 64 18. 3 4. 89 18. 9
H#: + 8 3 Natural soil 3 1. &1 20, 7 4. 81 21.1
F3{§ Mean value 4. 70 b B 20,7 b B 4, BO 18. 9
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Table 3 Status of pH and amounts of exchangeable aluminum in soils after planting tea

+ 2 Depth (0~20cm) 1 2 Depth (20~40em)
H THRER o S i
(HO) cmol + kg T(1/3ALT) (H0) cmol - kg™ !(1/3AFT)
Exchangeable aluminum Exchangeable aluminum
- ot £ 2K 2 R
Red soil originated from limestone in north Guangdong Province
H R4 8 1 Natural soil 1 5. 31 . 5.1 5. 34 1.2
H #% 1 1% 2 Natural soil 2 5. 30 4.8 5. 32 3,2
- B 1 1 3 Natural soil 3 5. 28 5.2 5. 25 2.4

¥ {H Mean value 5. 29 50 5, 30 2.1
BPHE B 1 Planting tea 1 3. 63 57.0 3. 80 43. 5
FIE P 2 Planting tea 2 3. &6 42. 3 4, 08 38. 6
M 3 Planting tea 3 3. 89 42. 8 3. 78 42. 3
E 1 {E Mean value 3.79% " 17. 4" * 3. 78" * 42.3*°

B EREHRALHR

Lateritic red soil originated from granite In central Guangdong Province

R # 1 1Natural soil 1 4.75 45. 7 4. 90 1. 3
B+ 8 2 Natural soil 2 4. 80 44, 9 4. 86 45. 3
B & + 3 3Natural soil 3 4.72 46. 3 4. 81 46. 2
) {H Mean value 4.77 45. 6 4, B6 14. 3
FIE XM 1 Planting tea 1 4. 10 42, 8 4, 50 42. 0
PR B 2 Planting tea 2 4. 48 44. 1 4, 96 13. 3
PRI & 3 Planting tea 3 4. 30 43. 2 | 4. 89 13. 9
F H1{H Mean value 4. 29" 43. 3 4. 78 43. 1

B Z I E BT LN

Latosol originated from basalt in Leizhou peninsula

B £ 1 3 1Natural soil 1 4. 65 19.5 4. 70 16. 8
8% + 3 2 Natural soil 2 4. 64 18. 3 4. 89 18. 9
B 2% + 8 3 Natural soil 3 4. 81 20. 7 4. 81 21. 1
FE{H Mean value 4, 70 10.5 4. 80 18. 9
FRAE % # 1 Planting tea 1 4. 60 13. 4 5. 00 13. 9
M XKW 2 Planting tea 2 4.23 13.0 4.76 12.9
M W 3 Planting tea 3 4,18 10. 5 4. 68 11. 0
E-XI{H Mean value 4, 34* 12.3** 4. 81 12. 6~

* x  x FHIRAEFEHET AR LML EE0.01 F 0. 05 KE FEFEF. FFA Indicate significant differenc at the 0, 01 and 0, 05 level
respectively when it contrasts natural soil in the same region.the same below

2.2.2 FHEAKE AR4AUEFL,YFHFHEKEE, LEBR 0~20cm +RIFR 20~40cm + /2.3 F3EBHE LK pH B Y
AAABREMRE BEARKERFORERMAT L SR ERERET ORI RAKE . FME S X R AR TR
AR EREM pH PHE AN BR WY FRB 0.76.0.93,1. 14 M pH B {1 ERIERBE AT, 20~40m + A
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MHAKEE ;:I:J%‘j"éﬁ'&ﬁ’éﬂ FTRR/B (R O. EO0~20em L EW, BALFKE X T O MKFE 38 81 48 8 F 248 L A6 57 B
MEMBIRE T 7- 4emol/kg (1/3AF) B P AN EE T RTBABEEE T 4 6emol/kg (1/73A0), EMER TR E R BN
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2.2.3 RAEEAE BREELR. LHpHEBERWMAAHEEREGES) . B . Bh FHESSHXRELE THB 0~20em £
W pH S| AR B+ MIEFE T 0. 43 0. 63 /0. 78 pH AV . ERZBERBRBE KT L WM HHEQ T B 4 A1 LA
HARTHE T 9.32.1 M1 9. lemal/kg(1/3 Al D) BRI EHBFEKF ., 20~40cm L EZH pH S BHETEEAHUNE
B, ERXHINSENREARSFERELL BRI 375~150kg/hm? HEBAAK. LB P AT HREEE Ca2 TR
Ve b A E MR F AR EN S RFERM L% oH HIRE.
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Table 4 Status of pH and amounts of exchangeable aluminum in soils after planting paddy rice

+ E Depth (0~ 20cm) 4 2 Depth (20~40cm)
. TR SH A% Be it 45
(H,0) emol ¢ kg~ (1/3A1%1) (H,0) cmol kg_l(]z’RA%H)
Exchangeable aluminum - Exchangeable aluminum
BlAXBARFLaM
Red soil originated from limestone in north Guangdong Province
B £+ % 1 Natural soil 1 5. 31 5.1 5. 34 1.2
A #& + % 2 Natuoral soil 2 5. 30 4. 8 5. 38 3.2
B2+ M 3 Natural soil 3 5. 26 5.2 5. 25 2.4
EH{H Mean value 5,29 5.0 5. 30 2.1
Fi#fk 7% 1 Planting paddyl 5. 90 12. 3 6. 02 12. 6
FIEK R 2 Planting paddy2 4. 10 13.0 6.13 11. 5
A K #G 3 Planting paddy3 6. 14 11. ¢ B. 25 10. 6
144 Mean value 6. 05"~ .. 12, 4% * B. 13" 11.6%*
BHERBERE LR
Lateritic red soil originated from granite of central Guangdong Province
H # 1 3 1Natural soil 1 4.75 15, 7 4. 90 41.3
H#R+ 3 2 Natural soil 2 4. 80 44. 9 4. 86 45. 3
B 48 + 3 3 Natural soil 3 4. 72 46. 3 4. 81 46, 2
F {8 Mean value 4. 77 45. 6 1,86 14. 3
Fi A RS 1 Planting paddy 1 5. 82 48. & 5. 68 18, 3
F i A K 2 Planting paddy 2 5. 66 50,7 6. 05 49,7
ik #§ 3 Planting paddy 3 5. 62 50, 2 B. 40 50. 1
49 {H Mean value 5, 70" * 60, 2% * 6.40% " 50.1°
EHZREEERLIR
Latosot originated from basalt in Leizhou peninsula

& #& 1 1 1 Natural soil 1 4. 65 19. 5 4. 70 16. 8
g # 1 2 Natural soil 2 4. 64 18. 3 4. 89 18. 9
B #A 1+ 3 Natural soil 3 4. 81 20,7 4, 81 21. 1
F3{8 Mean value 4. 70 19.5 4. 80 18. ¢
Fit#E /K &S 1 Planting paddy 1 5. 83 22.7 6. 00 23. 2
A A 2 Planting paddy 2 8. 01 21. 3 5. GR 18. 6
F 48 7K #8 3 Planting paddy 3 5. 68 22,9 5. 85 23,0
E ) {H Mean value 5. 84" * 22. 3" h. 95" * 2i. 8"

3 #Hit

REBHET AR LR pHENTHRUENTBEHRKR, M FE AP H R, oH HFEHEFUT
KOG BHESHEZRER TR A< BT N AR T AR ORN<B LA RE R T AN IHE S ELERERBEX
¥ TRXHBEBTENTFHENAMIFI S LA R S R T H< BN SR A RS S R OM<B b N E R T A4
W.EZENEZRIIEE B E K. 8L pH MBS S B2 5 + SR I B 8000, R 25 (8 £ 1Y pH B2 151K,
REMBENTBENEIRABEAR R BANENENRGRRKAERTHFE LB pH 28 0805, 2054 62 5 & 69 H I ig i 5

K. FREKEWHRS LMK pH MZMAEEH SR SHEM AR MM B RN IRDE KT, BEEES L0 pH LR
& LA VEZRAG RO E T MR E NS BN B S,
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Table § Status of pH and amounts of exchangeable aluminum in soils after rotating peanut
+ 2 Depth {0~~20cm) + /2 Depth (20~40cm)
H A 6 H 2%t 78
{:{ o) cmol /kg (1/3A1+) O cmol /kg (1/3A19+)
: Exchangeable aluminum Exchangeable aluminum
BAKETEELR
Red soil originated from limestone in north Guangdong Province
B #h 1 3 1 Natural soil 1 5. 31 51 3. 34 1.2
B 1% 2 Natural soil 2 5. 30 4.8 5. 32 3.2
H 4 + 8 3 Natural soil 3 5.26 5, 2 5. 25 2.4
Y H{E Mean value 5. 29 5.0 5. 30 2.1
¥ {E £ 1 Rotation of peanut 1 5. 80 3.4 5. 65 1.0
$£4EE 4% 2 Rotation of peanunt 2 5. 65 3.1 5. 15 1. 3
1€ 7 4 3 Rotation of peanut 3 5. 72 2.8 5. B0 0.9
E¥{H Mcan value 5.72% 3.1 5.63 1.1%"
LA Ry A -BiN AR
Lateritic red soil originated fram granite in ceatral Guangdong Province
H#A £ 1 Natural soil 1 4,75 . 45.7 4, 90 41.3
8 1M 2 Natueal soil 2 4, 80 14. 9 4. 86 45. 3
B #R 1 ¥ 3 Natural soil 3 4.72 46. 3 4. 81 46. 2
FEHH Mean value, 4,77 45. 6 4. 86 44, 3
$E1ETEE 1 Roration of peanut 1 5. 45 11. 6 5. 52 9.9
B EHE 2 Rotation of peanut 2 5. 32 13. 5 5. 20 11. 6
2 {E1E 4 3 Rotation of peanut 3 5.42 15. 5 5. 55 14. 2
F-H{H Mean value b, 40° " 13.5"° 5.42* 11.g**
CELRA Y §-F131R.
Latosol originated from basalt in Leizhou peninsula

B #% 11 1 Natural soil 1 4. 65 19.5 4. 70 16. &
H#R L 1 2 Natural soil 2 1, 64 18.3 4. 89 18.9
B SR+ % 3 Natoral soil 3 4. 81 20. 7 4. 81 Z1. 1
-15{H Mean value 4. 70 19.5 4. 80 18. 9
BAEJE X 1 Rotation of peanut 1 5. 30 8.7 5. 32 9.1
$#ETE 4 2 Rotation of peanut 2 5. 60 12. 4 3. 43 13. 8
R HE 4 3 Rotation of peanut 3 5, 55 | 10. 2 5. 20 1. 0
{8 Mean value 5. 48" 10.4* " 5.31* 14. 6 *
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