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Distribution of Aluminum and Fluoride in Subtropical Hilly Red Soils of Tea

Plantation and Its Influential Factors
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Abstract: T he distribution of Al and F extracted by four extracting solutions in red soils of tea plantation from subtropical hilly country
was studied. It was indicated that the order for aluminum-extracting capacity of the four extractants was as follows: 1 mol/ L HCI>

I mol/ L. NH4AC (pH4.8) > | mol/L KCI (pH5.5) > H,0 ( pH6.8). The fluoride content extracted by 1 mol/ L HCI was the
highest, ranging from 6.62~ 38.8 mg/kg: the fluoride content extracted by I mol/L KCI and 1 mol/ L NH4AC was the next,
ranging from 4.57~ 28. 1 mg/kg and 5. 76~ 32. 17 mg/ kg, respectively; and the watersoluble fluoride content was the lowest,
ranging from 6. 62~ 38. 8 mg/kg. The contents of aluminum and fluoride extracted by four extractants decreased with depth along
soil profiles and accumulate 0~ 3 em surface soils. The linear regression between fluoride and aluminum extracted by deionised water
was established. Aluminum was significantly correlated with fluoride extracted by the other extractants. Marked increase of the
content of aluminum and fluoride was noticed with increase ages of tea plantation. Parent material and organic matter also influenced
the content of aluminum and fluoride extracted by four extractants.
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Table 1  Basic properties of the surface soils (0~ 20em) from the tea plantation

FEH A 1 1 BT 72 i ICEC HUBEAL R/ %
[ emol* kg WHi(1~ 0.01 mm)  FrHi(0.05~ 0.01 mm) Hiki(< 0.001 mm)
SS A SERb I 11.40 40. 1 32.0 25.6
SQ Q. £t 10.77 62.9 18.2 16.9
sC LG 9. 66 25.8 17.5 50.0

WPE ALY F $EHCS e Jr ik FR 1,00 ¢ 1 3E
(i 100 H) T 100 mL BRAT 5350 & & 1K
(H20) «KCI (1 mol/L, pH5.5) \NH4Ac (1 mol/ L,
pH 4.8) \HCI (1 mol/ L) BHEMEI. T KN
1: 50. fE43% 2% L ¥83% 30 min( %), HE OHL
(4 000r/ min) , 250> 10min, FJ 38 s & U8 48 8 i
W, TR AL ISR 0. 22 Bim) 338, I T3k .

KM IRIS/ AP B L RS & 55 3 7 R 1 R
X (ICP-OES) Ml 5E Sz d b AL & & A
A K ES CID (PRI BE (< 265 nm) B 43 B i)
15 s; KX 2% CID ) 5 9% BE (> 265nm) B 43 1 [A):
5 s; BERRIGE BN 4 100 v/ ming PEREZS1L 25 4R
J7:193 kPa; ¥ H1/ i &: 15 L/ ming §ifi By < 3t &
0.5 L/ min; @R =45 D% 1150 W.

BRARA F 3 B8 R0 brdt th 2341 1
HE pH {H AT HLIT A& 7 28 i 7 ( CEC) SR A 3Tk
[ 10] (A ¥EBEAT I 552 ( L2 2) . L 3EHLE 2 #7 K
WA, R AL BT SPSS 48t ik AL A Y R

2 #RE5WE

2.1 ZEPE bR AL F R R 2 T 4y A
FEAE
2.1. 1 AR A% e A ALRTF B

AL BT A 74 (] b R B - 8 (1 A2 4 o 5Ok
TR L, AS SRR IE A 1 mol/ Ly R v T
PRI, PRI A ST SR R 30 Bk 25 85 1 K4, Hee
BRUEFRUIY O R R, PPN & B S AL LK 3. &
HEES TR TE AL S S AR W R AR L

AR AL I APY ALCOH)* AL(OH)3 48, iA7 A1
R PR AP G A [ R B £ 2R A A B0 A ) T
RN, AR SCHT 0. 228 18 5l L 308 H5E K e 42 VR o ) 28
EE AL .
%2 SFEMESLNE pH ERAHNRE BT
Table 2 Basic properties of the tested tea plantation soils and

uncultivated soils

PR o s RGP pH O ATHUR
e R A el B B (Ha0) Lo

A 4.48 2.76

SS1 10a #x i A1 b B 4.41 0.77

C 4. 67 0.47
A 4.16 4.02

SS2 45a #%hd A1 HERE B 3.99 1.32
C 4.06 0.89

A 4.02 4.25

SS3 0 90a frhd AT HEEBME B 3.82 1.02
C 4.09 0.92

A 5.18 1.13

HS Jicdh A1 HERE B 5.20 0.67
C 4.99 0.49

A 3. 86 3.81

SQ 45a #tbd Qa4 B 3.91 1.89
C 4.03 1.50

A 4. 87 1.30

HQ et Qs 40t B 4.30 0.98
~ 4. 81 0. 68

A 4.22 4.89

SC 4Sa ikl Ak B 4. 87 1.39
C 5.37 1.29

A 6. 57 1.13

HC ficit G B 5.06 0.87
4. 89 0.56
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Table 3 The leaching of active aluminum from soil by chemical extraction solutions
Sl = Fi A 1SRN
1 mol/ L. KCI( pH5. 5) E Al E= AP*
1 mol/ L. NH4AC( pH4. 8) F AP AICOHY 2, AI(OH) S, AFFA F-E= Al(OH)® + AI{OH)% + AFFA
1 mol/ L. HCI G AP AL(OH)Y, AI(OH):, Al{OH)* G-F= Al (OH)9- AFFA
1) AFFA vl i e Al
M 4 Pl DL Y, K TE AL SRR F-E, B AL T (R AS i AR AL RS E) 1

A 10.5~ 11.2 mg/kg, 1fi 1 mol/ L HC1 #2427 Al
FTRAE1 730~ 3861 mg/ kg 2 [A] 2451k, W5 25 2
MY, RVIFRATCHL AL S B . 4 P4 i
XT3 AL P2 EURE S PHCR A2 1 mol/ L HCI> 1
mol/LL NH4AC(pH= 4.8)> 1 mol/L KCI (pH =
5.5)> H,O(pH= 6.8), & & 3 i 5] 2 L% L3 h
1) AL BEAT AN B, 45 LW A2k bl - 3% b, E>

I TR R AR AL AL ST R R AL
RZH(F-E). %5 8LV, 1 mol/ L HC1 X 2% [d
TsgEh F R AREAE ) AR A SR ), PR ERE RO
EG [l 6. 62~ 38. 8mg/ kg, KIEVE F (1) & 50 [
J30.95~ 4.18 mg/kg, 1 mol/L. KCI 5 1 mol/L
NH4AC Frsdde F 0 & s AR, 76485150 43 531
9 4.57~ 28. 1 mg/ kg Al 5.76~ 32. 17 mg/ kg.

R4 ZENEHRTHPARRESAIMNEESH" /marke !

Table 4 The distribution of Al extracted by different extractants in soils of tea plantations and uncultivated soil/ mg* kg™

PEHARYS SRFEEIK H,0 %2t v £§ KCl #2424 v £S NHAC ¥k« £8 HCl 5643 « £
551 A 28.9 a7 £5.6 345a%12. 6 538 a X135 1933 a 339
B 15.2h£3.8 325 ht14.8 461 bh*126 1936 a£239
C 12.6 b+2.7 319 b £16.0 416 c £112 1763 ¢ £242
$52 A 23.4a%3.5 427 a%15.3 762 at162 2227 a$282
B 17.9 b +2.0 409 ab £14.5 750 a£135 2 145 a £267
C 13.6 b+2.3 405 ab £12.2 522 b +133 1840 b 270
$83 A 33.0at4.8 449 a£19.0 770 a X125 2567 a£325
B 12.5 ht4. 1 441 a£15.2 669 bt113 2532 a%237
C 13.1 h£3.7 414 h*18.6 553 ¢ 198 2140 b 1223
HS A 24.4a%3.2 322 at12.7 500 a£130 1929 b +240
B 16.7 bE3.1 330 a%13.5 430 a%110 1 832 a £300
C 12.6 ¢ +3.8 240 b £15.2 400 a£120 1730 a £273
sQ A 24.5a%1.2 347 a£28.9 520 at134 2650 b £283
B 26.4a%2.3 356 at16.8 532a%112 2733 a$263
C 18.6 h£3.4 300 h£23. 4 494 L 108 2422 b £254
HQ A 15.0a£3.5 315a%£19.0 450 a 122 2 600 a X230
B 13.5a%2. 4 320 a18.0 445 a =109 2540 a 2250
C 10.5 ab £3. 8 280 b £13.5 415 a 101 2409 a £238
sC A 37.8a%4.2 450 a £38.2 827 a£150 3861 a£315
B 41.2a%3.7 428 a£30.3 732 b 120 3137 a£250
C 14.2 b+2.8 381 h+28.9 681 c£118 2741 b +212
HC A 18.5a%£3.9 330 a£22.3 652 a£130 2700 a £300
B 12.1h%3.5 333 a%23.5 732 a%122 2 800 a £220
C 10.5h+2.3 298 h+22.0 681 at123 2341 b 300

1) B N 22 851K (pH= 6.8), 1 mol/L KCI (pH= 5.3),

2.1.2  BIhE L ALFLF (1350 T 23 A REE
R4 FEK S KW, B T #E HS Fic b b A7 76 K3
PE AL 2002 S 4b, Hog Se 4% 2 Wk s, %
A& AN E R, HEMEAR G, RREHRKR
B A JZ(0~ 3em) FRHEE AL F EIYAT T

1 mol/ L NH4AC( pH= 4.8),
Fr 202 A E SR HCA SR AL b 2 AR, KT p< 0.05

1 mol/ L HCIL: 2) HATHIE 7 BEf -3 [a) i 18

. XTSRS R K e R R 2% T B
T AR AL AR R AT A | R

A > BE> CIE B Q4R E A L8,
ARTERRESANETESBETRERAYE,
AT HC B#REAIMGEREREZKT B Z& &
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X fEY Qq 401 & & WA hd - b MR i A X (1

Bt Bl 62.9%) . W& TE AL S 575 - 1 ) i b AT
Bah, Wi pk A J2 LR RIEE Al S5 B 25

BAE LS. FRIRA F & BAE i 1 35 34 i o
3 AT 5], £ S Uk 2 ) G B A8 72 v, i 7 45 4% [l
LR A, WISEAR: A 2> BJE> C )z
BT ATl LA B .C LR PSR RS
AVF FH gt ot £ 6), KIMAEA BC3 2
A KA AL R (26 £7.4) mg/kg .

Bk (2.1 20.7) mg/kg (1.6 £0.3) mg/kg .
(1.4%£0.2) mg/kg., KR ALRIF )7 R4
MEI A J2> B 2> C 2, HERBEAIMF B
SAHFEA, X EEHE TR AR F AR
ZHEY. K= ALFF BAG R E N 35, B
SHR R AE LR R R (A 2, D e L
TR B AL, BEN A E R S A A,
FOoR AR LI ALAE (1) BEL JEEk 58S s
& AVF FEAes b b v 8 b B4R R

(19 £8.5) mg/ kg «( 13 £2.6) mg/ kg, KIKEF &

£S5 FEMRHERPESR2RBEFHEE /mege L™

Table 5 The distribution of F extracted by different extractants in soils of tea plantations and uncultivated soil/ mg* kg™ '
AR KRE SRR H.0 « £§ KClx £5 NHsAc x £5§ HClx %8
SS1 A 2.02 a” *0.28 9.68 a®2.24 11.69 a £3. 52 19.19 a £3.57
B 1.36 b %0.15 7.62 h*1.98 11.11 b *2.85 16.09 h£2.20
C 1.28 h%0. 11 8.28 ¢ L1.68 9.12h*2.12 9.52 2. 68
$82 A 1.87 a£0.20 10. 68 a £2. 50 12.11 a£2. 89 14.89 a £3.03
B 1.62 ht0.17 8.25 h£2.13 9.52 h*2.56 11.63 b+2.78
C 0.98 ¢ £0.12 6.27 ¢ £2.18 7.34 ¢ £2. 60 8.07 c£2.73
SS3 A 1.87 a£0.25 16.33 a 2. 49 17.02 a£3. 10 21.38 a£3.25
B 1.62 h+0.13 10.63 b£2.33 10.54 b 3. 01 13.12h%3.17
C 1.41 ¢ £0.12 7.08 h+2.28 6.86 ¢ *2.58 7.75 e £2.20
HS A 1.09 a%0.29 6.95 h£2.39 8.81 at2.68 10.72 a£2.88
B 0.98 a 0. 16 8.75a%2.18 7.71 aX2.57 8.13a%2.78
C 0.95 a%0. 15 8.10 a£1.90 5.98 ab 2. 60 7.75 abX2.75
SQ A 1.28 aX0.12 9.57 a£2.19 10. 54 a£2.23 12.75 a+2.38
B 1.05bh%0.11 7.35a%2.08 7.71 h£2.12 8 15h*2.23
C 1.61 ¢ *0.09 6.61 b*1.98 6.98 b *1.09 7.58 b*2.08
HQ A 1. 08 b%0. 11 5.58 atl.88 6.58 a 2. 07 7.35a%2.11
B 1.23 a£0.13 4.57 a%1.69 5.78 a%2.05 6.69 a®2.07
C 1.20 a£0. 18 5.11a%1.67 5.76 aX1.89 6.62 at1.99
sC A 4.18 at0.22 28.10 a%2.38 32.17 a£3.78 38.81 aX3.88
B 3.21 h£0.19 22.65 b £2.27 26.06 a£3. 53 30.00 a 3. 67
C 2.23 ¢ *0. 18 8.27 ¢ £2.07 10. 69 b £3. 55 18. 68 b*3.60
HC A 3.01 a%0.25 10. 10 ¢ £2. 80 20.45 a £3.45 27.28 a£3.57
B 1.55 b 0. 19 12.24 b £2.90 16.37 b £3.33 23. 14 b*3.42
C 1. 18 b %0. 19 16.35 a£2.93 20.47 a £3. 28 24.52 ab £3. 38
1) BESEMCA ) 20 22 7K (pH= 6.8), 1 mol/ L KCI (pH= 5.5), 1 mol/ L. NH,AC(pH= 4.8), 1 mol/ L HCI; 2) FLATAH 5 BE S5 [e] ] i
5 J P2 R [P AP L F & R e A B, KT p< 0.05
F6o 4MERFANFELMIEPHEELSH"/mg-kg !
Table 6 The distribution pattern of Al and F extracted by four extractants in soil profiles( n= 24) /mg*kg™ '
ot H-0 (pH= 6. 8) 1 mol/ L. KCI (pH= 5. 5) 1 mol/ L. NH,AC (pH= 4. 8) 1 mol/ L. HCI
] i Al F Al F Al F Al F
AR 2617407 2.110.7a 373 £58. 4a 12£7.2a 627 £145a 15£8. 3a 2558 £612a 19. 1 £10. 2a
BL: 19 £8.5b 1.6 %0.3b 368 £50. 1b 10 £5. 5b 586 *101b 11 %6. 6b 2469 *462h 14.6 £8.2b
ClZ2  13%2.6c 1.4 0.2¢ 329 +45. 2¢ 8.2 +3.5¢ 511 £80¢ 7.2%4.9¢ 2173 £367¢ 11.3 +6.6¢
1) BEPL 43 0 2T K (pH= 6.8), 1 mol/L KCl (pH= 5.5), 1 mol/ L NH,AC(pH= 4.8), 1 mol/ L HCl; 2) JLAT A [A] <7 BE (1 22 s [l 1
A U2 R B RS AV F i 2 e AN B, K p < 0.05
2.1.3 [ HIgrp RIS ALALF AR FRPER AL A GRS F Z W F 7R B
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EMEA S (n= 45, p< 0.01), H A1) 5 1 %o
wrr:
H,0 —F= 6.43 H,0 —Al+ 10.63

r=0.3506, p< 0.01
KCl—F= 0.03 KCl—Al- 0.49

r=0.4129,p< 0.01
NH4AC —F= 0.02 NH,AC —Al- 1.79

r=0.4263,p< 0.01
HCI—F= 0.01 HCl—Al- 0. 31

r=0.3283, p< 0.0l

DL EGFER SRS F AL &R AR
)20 BERIR 6 R, X AL 5 B4 ALRTF AT AL
FTH 23 AR AR J5L DR, 20 R w1 2 i L A b
ALFIF LS A A ED) Tl L 3 7
K (pH= 6.8), KCI(1 mol/L, pH= 5.5), NH4AC
(1 mol/L, pH= 4.8), HCI (1 mol/ L) 4 Fh¥2HL3 it
B’ie.
2.2 ZERPPORIAE AT SRR AL R F AR
A

SS1 SS2 Fl SS3 3 5l & A5 4 10 a .45 a il
90 a [P e, 13 BESUN A1 S mP . FEAH V)2 IR
FHE, 1 mol/L KC1 #2424 1 mol/ L NH4AC B242
AL T mol/ L HCI 4225 1) Al Al F 35 B4 7% [d
PR PR (G I8 n. 75 45 a 2%0@ A 2 L8,
IKEPEA AL R F 15 8 ASEAG LR AU, AR A 5
T 10 a ZPEAH N A 2 LMK ES ALRF Dﬁﬁ

- BRI, A ] R KPR ALFTF 5
Fbl*l%(’tﬁﬁ CREJELIR) TR 5. [IlT/kfxfrc*Al
FIF & EAR, A BB ALFILF f.j ??—E'— () BT RIS
BRI 5, T3 SRR A AR F AR 32 2%
PR 4 PR R 5 1, Ji’“"ﬁlﬁﬂh@*rlﬂrmlm\rru
TP
2.3 AR A IR R AN [A) BE 5
FUF 5 548

L RS AL

(45 a) ISR RL S, A3 9emb -7 Qq 40 LRI K g
KA MRS AL BT, JEA L5
e, AILAIE AT — e 1 2 7, ZEAR R 4R PR
T, AKRAEREN A 2 RS KCHZRE ALK
FrRIIEER, Qo IR 1M L HER IR 5.

SS2 SQ SC A& HEREF S 5l A1 SERb I 2 Qz
AMAKEMRE. Q) 4 LRFM 14
IR, AKERE LA F &R, rﬂt A
EAMES F R R 686 mg/ kg, M4 45 a J5ik 703
mg/ kg, Fo &2 HHEM & F OROKZ L SQ A% FE A M.
TR F R 2 4%, B F SR g A R Y [ AT A
AL onb A A B TS S A A b O BESE, A
S miy et T WS LRSS A IS S (S
45 a Ja, HX T HBAR LG, A A R A 2 L 1R
KCI #3848 F NHAC BIEAF LN HCI 8BS F

Frat R IR, o] AH [FORE 25 48 BROR 2% [
552822 F AT AL [ 3 ARk 9 I 52 - 5 RE R 1
sem. FOP R AT RS SERE Bk AR 2
TR R AT
2.4 SUWIREAF R AL S EAS L 1 e R %

XA EERA ALAF 5 b 3 2 A M 5 KA 5% 4
Fras W& 7. KClLEEA Al Al NHAAC B4E4S Al
5 pH i 2 ] i AH 5C R %20 il o - 0.427 2 Fil
-0.5999, B B FM MK R, B L
KCl 323874 AL R NHAC 842748 AL sl MR
AR, X BN D b R R S AL IR K
IR AT YN E R, il LR E 2T
Btk AL BAETR RN, KBEF 5
pH {2 ] 5 8 b 3 1EAH G K P (r= 0.951 0,
p< 0.01), (HFEAWF P, HEHEEF 5 pH HAAF
TEAHC R, X Al e B o 1380 pH {3 [ 47
TE 535 25 5 B R BUOR[AIAT 5. Wi (1) pH i3
o4 5. 25~ 8. 40, 1fi A SCHTiE9E -3 1% pH i i [
4y 3.82~ 6.57. M pH il 4.5~ 5.0 I, FTHLET

KHIZEZ T NHAAC V44 AL R HC 324 A A1 MUBRTRRAE 2 & N hE AL (RS, HERZHE— D8N
SR R A KA R E T, R EAERR WS A AL S s e B
FT ZFERRSAMFS—E£HMERMAEXREER 0= 24)

Table 7 Correlation coefficients of and some soil properties( n= 24)
- Hg H,0 (pH= 6. 8) 1 mol/ L, KCI (pH= 5.5) I mol/ L. NH4AC (pH= 4.8) I mol/ L HCI
e Al F Al Al F Al F
pH 1 - 0.1668 0.1936 - 0.4272" - 0.0108 - 0.5999” 0.200 1 - 0.0082 0.269 1
A WL 0.720 2% 0.507 0% 0.554 4 0.528 3% 0.4218" 0.453 1" 0.493 8" 0. 447 2"

1) BEKF p<0.052) p< 0.01
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pH FAI A 4. 2 I, b 358 v A7 i o A T80 15 1) 2 0 AL
WEWAETE, YR T AL P s Y. R &
SFEAEAF I 5 pH {6 [, #E % &9 & A7
FEWI I 25 S, o Bl A ) B Tk
M E R REFIE, S BE AT R A S S
MR 15) ASIF] i 256

MK ALFKCLEFRE AL H 83T PL Y
FHIE e R4y Alik0. 720 2F10. 554 4, K¥ENE F AT KCI
BALE F 5 AT PRI A 5C K R 40 518 0. 507 0
F10. 528 3, 5 S0 2 3 EAH G OK R, HiAh 2 Fhi 2
BALRF 5 L HeA PR R 83 M IEAH G . 2
T AU T ZERUET AW R R A% I 1R 0 e
Y. LA LEFEARA AL AT F 5 3845 HL5 ) 1E 46 ¢
KRB, 13 S RIEE ALRTF A5 K
W IRE DRI WAL A ), HE—2DE S T 2
3 ALFF AR RARIE.

3 g

(1) 4 P30t 135 A (R4 fE G448 ¢
H: 1 mol/L HCI> 1 mol/ L. NH4AC(pH= 4.8)> 1
mol/L. KCI (pH= 5.5)> H,0(pH= 6.8). = Al
B (BRI AT e A AL (95 Y T SR R R S
AL 5ol PER S ERR Al 5552 1. 1 mol/ L HCI
X% g F R RE ) o, 25 B KX F )
B AE A%, 1 mol/L KC1 5 1 mol/ L NH4AC ¥
#& F MRy HHIa.

(2) FEASbE g % 2 L, SRS
ALFTF &S 0m% 200 FME: A 2> B 2> C
J2. BB AL MR KRR A F A AR 5C K R
Pkt B K F(p < 0.01), B K EILE ALAF
Z AR R 20 R E R,

(3) L3R RREA AL A F &R 52 2%
PR T BN - 8 1R 5 i, A A B R 2 4E
R ) 18 T 364 0 £ 8 FA  [) A 2% 4F BR ( R 2% 45a
Ji), ARKERE A 2 RS KCLIZIEE AL

KCIEHEA F NHAC BEA F LU HCL S F
SRR, KCLEHEZ ALFI NHLAC 324275 Al
55 pH 2 18] AT 52 10 5 A 5656 &, 1 i 42 4
S HIEA YU 2 ) B IEA R A&,
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