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Chemical Form Changes of Exogenous Water Solution Fluoride and

Bioavailability in Tea Garden Soil

CAI Hui-mei'? ,PENG Chuan-yi'*,CHEN Jing'?, HOU Ru-yan'?,WAN Xiao-chun'~

(1. Key Laboratory of Tea Biochemistry & Biotechnology, Ministry of Education & Ministry of Agriculture, Anhui Agricultural
University, Hefei 230036, China; 2. College of Tea & Food Science and Technology, Anhui Agricultural University, Hefei 230036,
China)

Abstract : Pot experiments and the sequential extraction method were conducted to study the chemical form changes of exogenous water
solution fluoride in tea garden soil and their contribution to fluoride accumulation of tea plant. The results showed that the background
concentration of all chemical forms of fluoride had little changes with time treatment, which was in a relatively stable state. The
exogenous water solution fluoride adding to the soils was rapidly transformed to other fractions. Under the 10 mg-kg™" fluoride
treatment, the concentration of water solution fluoride increased firstly and then decreased with time treatment, the concentration of
organic matter fluoride and Fe/Mn oxides fluoride decreased, the concentration of exchangeable fluoride was not different before and
after the treatment( P >0.05), and the concentration of residual fluoride was in a relatively stable state; under the 200 mg-kg ™'
fluoride treatment, the concentration of water solution fluoride, Fe/Mn oxides fluoride and organic matter fluoride decreased with time
treatment, the concentration of exchangeable fluoride increased firstly and then decreased, showed no difference before and after the
treatment( P >0. 05) , and the concentration of residual fluoride increased, with some differences compared with 10 mg-kg ™" fluoride
treatment. The concentration of total fluoride in root, stem and leaf had significant differences under 0-10 mg-kg ™" fluoride treatment
(P <0.05) , while showed no difference from 10 to 100 mg-kg ™" fluoride treatment( P >0.05). Step regression analysis suggested the
contribution of all chemical forms of fluoride to the concentration of water solution fluoride and total fluoride of root, stem and leaf had
some differences, there was a remarkable regression relationship among the content of total fluoride in leaf and water solution fluoride,
organic matter fluoride, Fe/Mn oxides fluoride and residual fluoride in soil, however, no significant difference for water solution
fluoride of leaf was found.

Key words:tea garden soil; exogenous water solution fluoride; chemical forms; transform; bioavailability
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Table 1  Properties and contents of F in the supplied soils

N S ) i 75 i 75 ~ =N

sk oH /Fjwfﬁl 1%%’(1\{1 ﬁxﬁzfil 1%5(1(71 CEC | b B
/g-kg /mg-kg /mg-kg /mg-kg /cmol -kg /mg-kg

wiLEE L 6. 12 8.41 46. 96 12.77 62.15 17. 62 501.94

1.2 Aokscmat i

L AR TG, Bt 2 mm 0, B4 S
kg, LB E 6 NALHKSE, BI O, 5, 10, 50, 100 Al
200 mg(9R) -kg ' (+3) LA NaF BFENINA Blifk
2 H CHUITE BRHE 4 W) 38 R BRI AR R g oK
EE. TH 48,16, 24, 40 F60 d RAE T IHEFE
i, PR ZE F SR S5 43 B SIS K i 2 g B s ] 7
b RIS AL, R RB R B
KB AW, TG AR T, B4 (55 20 em x Y
30 em) 8 #k, 5555 140 d. WedJE , AERR S A Sk
IR P 25 B K HAR | 2RI 60°C T 4t
TREE, BT L R RAE R A
1.3 HEaAIR Tk

APIAR | ZEF 7K PR S 7 ok A GB/T
21728-2008""" | + 35 F U 45 W AT TE A5 R ] Tessier
T2 SR IR AT 2 45 B FR e N R
SR B L e AT 3 K.
1.4 WETE

AT 57 A TR (TISAB) RO EC I . 58 ¢ &
M, 68 ¢ KGR BN 57 mL K LR T
700 mL £ & Tk, 10 mol - L") NaOH 1575 pH
E50,HEETKERZEL000 mL, 17 TR LIGH
g .

ERRHE I 15 mL FEBORT 15 mL TISAB ZEMW T
50 mL I LIRBEA R, FEo0 4 FE A 5 J5 1 4-star
TS TP AL AR I, SR FHAR I AL 2 o
1.5 Hdlasbrt

K H] Excel 2003 1 GraphPad Prism 5.0 1E & #1
DPS X EHE AT 7 22 . B8 [l A 43 b A 42 0
H Duncan’s 7 2 % 229 (SSR) 7£ 0. 05 /KF FiEFT
ZH AT
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H L L A DU Y 255 e A 5 48 vh 0 45 A
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Distribution of various species of F in the test soil

Fig. 1

Fe/Mn-F % H 6% 40 BRET [A] 2 F B B Ex-F 4b
PERTS & BIH W2 R (P >0.05) ,Res-F &
DU 35 4R X A R IR 2S5 200 mg-kg ™' JRAL HE R,
Ws-F | Fe/Mn-F i1 0. M. F 5 & 6% 4b # A} A £ R
R EA Ex-F 7 ) 3 800 Je T B Ak 35, Ak
MRS REEA R EM2ZR (P >0.05), 1M Res-F
FEMEE FTH(P <0.05),5 10 mg-kg ™' F AL B
T ER. Fitk60 d J5, 2 SRS TS
BRI N . T-F > Res-F >> Ex-F > Ws-F >
Fe/Mn-F > 0. M. F; 10 mg-kg ' S AL 4H 525 1 41
FI—3; 200 mg-kg ™ FALHE 60 d KK T-F >
Res-F > Fe/Mn-F >> Ws-F > Ex-F > 0. M. F.

HMIE KV 1 G IE N T, 3 Ws-F | Ex-
F. Fe/Mn-F il O. M. F [ 53 & w4 2 F B B3,
1M Res-F W& FTFREF (K 2). Pk, 2 3523
AMIE KT P TS Y o B AR A SO ) SRR )

®2 SMNEETEEIERNBRERSELY

Table 2 Changes of F chemical forms in soil with F treatments

F 1 i) Ws-F Wi Ex-F #eJi Fe/Mn-F ¥t 0. M. F ¥k Res-F & T-F {2
/mg-kg ! /d /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ! /mg-kg ™! /mg-kg ™!
4 7.42 +£0.15a 7.22 +£0.32a 5.58 +0.39a 2.15+0.19a 479.57 +£10.11a  501.94 +10.24ab
8 7.36 £0.22a 7.14 £0.26ab 6.02 +0.35a 2.39 +0.18a 469.05 +8.95a 485.29 +4.32b
0 16 7.28 +0.15a 7.40 +£0.37ab 5.84 +0.20a 2.24 +0.31a 487.42 +13.58a  510.18 +18.12a
24 7.25+0.19a 7.31 +£0.24ab 5.87 £0.27a 2.14 +£0.36a 491.92 +15.36a  514.49 +11.12a
40 7.33 £0.22a 7.71 £0.26ab 5.98 +0.39a 2.08 +0.30a 502.10 £16.57a  525.20 +13.96a
60 7.20 £0.22a 7.61 £0.27b 5.72 £0.50a 2.14 +£0.19a 493.65 +9.85a 516.32 +16.36a
4 11.93 +0.98b 14.14 £0.47a 9.39 £0.92ab 3.59 +0. 16a 517.76 £17.75a  556.81 =17.77a
13.45 +0.52a 7.69 £2.06¢ 10.45 +£0. 15a 3.11 £0.20be  505.63 £13.90ab  540.33 +12.48ab
10 16 10.72 +0.43¢ 8.41 +4.20bc 6.05 +£0.90d 3.21 +0.17b 484.47 +14.35b  512.86 +9.57¢
24 11. 14 +0.25bc 12.75 +2.97ab 6.78 £0.45¢d 2.86 £0.10cd  493.05 £12.66ab  526.58 +14.20bc
40 11. 14 £0.63bc 6.44 +1.44c 8.82 +1.53abc 2.73 £0.12de  486.17 £13.41b  515.30 £12.07he
60 9.53 £0.25d 10. 16 +0. 88abe 8.54 0. 66bc 2.53 +£0.06e 490. 11 £15.52ab  520. 87 £15. 14be
4 75.29 +1.57a 24.43 +1.32¢ 168.30 +3.22a 22.67 +2.96a 457.43 £17.97¢  748.12 £15.58a
57.69 +1.81b 38.88 +£0.50a 107.16 £7.99b 11.50 +0.58¢ 501.18 £12.53bc  716.41 £19.40a
200 16 36.36 +7.37c 32.22 +6.38b 90.24 +6.10c 15.90 +2.09b 545.15 +£25.54ab  719.87 +10.81a
24 34.91 +4.91¢ 39.77 £0.78a 64.42 +1.33d 13.52 £0.22bec  587.19 £39.20a  739.81 +35.81a
40 37.36 £3.05¢ 25.41 +3.51bc 92.37 +2.23¢ 11.20 £0.63cd  544.22 +1.65ab  710.56 +4.57a
60 34.83 +1.87c 28.16 £4.03bc 74.01 £12.41d 8.53 +0.44d 564.77 £30.20a  710.30 +20. 88a

1) FRABAE N I + 522 (n =3) 5 A —FI IR T REFRR A B3 225 (P <0.05) , T3 Ws-F 38T B TR, S A2 90 AnT DA #i
WORI ;. Ex-F o 388 AL i b0 05 | J7 W Rl 25 & T R0RL . A HLBTRORL RIK & S AL P Y T 22 60 IE ML AT B 9T B 5 Fe/Mn-F: 38 5%k fif X
FREEARY) . S AR RUK A E A AT W B FH BT, J2 5 Fe/Mn BALIZE A AT Fe/Mn S5 R W AIH; 0. M. F. 45 5 LI a0 A
HUBFIA HLRRARLS & TG IR s Res-F 38 A6 T Bl F0RL A U ARME R S A 1A S iR 1

M MSCRI TS, 398 v 28 AN A I 285 9 =2 1) ) 30 25

r oA TR, A6 L SRR A 50 I S R 22 ik 3]

W ) Bh 251

2.2 2R SRR S A AH G 23 A B Bl 73 B
Z 08 [ 3 AT BEAS 74 SRR /Nl 5 A

JEETRIN K 0 PRI AS o o R K sl 8 5 K P v 1)

EIGIPN 23 RIS I N NSRS S = B
MNIELE 5 R B 76 0 ~ 200 mg-kg ™" FR AL PE
TP, 3o 38 45 IR A7 T 25 35 0B A5 A 5 40 A7
(22 3) KI5 4T, 2 B 4 WRAF TR A8 i it 22 (6] 35
R R (P <0.01) 5 Ws-F &5 HAl
ARG REZ BB EIE R, Ws-F =11.52
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Fig. 2 Relative content of F chemical forms in soil with F treaments

+0.32 Ex-F - 0.17 O. M. F — 0.21 Res-F +
0.18 T-F (R* = 0.9997; P = 0.0116; F =
4148.0389) , M Ex-F fl T-F nJ{g it + 3 rp Ws-
F BEHL, T O. M. F Al Res-F WIEAMHIMEAH. @R
BT BRI (£ 4) , T-F X e Ws-F
TR R AR R BURCOR, U] T-F X Ws-F & &
A HRELA EE R, BAR Ex-F | O. M. F I Res-F
X} Ws-F 1Y B3 00 /N AH 2 EATT#E S T-F XF

Ws-F P2 A R R AE .l 0L, 88 i Ws-
F. Ex-F, Fe/Mn-F, O. M. F D\ & Res-F Z [f] 7] #H
HHAL, X 5 5% T &P oF o 45 R ML, T-F X}
Ws-F & it 28800 Fl B R AR K. 3 4%
AL MR Z B TSz, G 4Y
BHRAER Ws-F Fl Ex-F — H 9l A8 Yy 0% Wi 1 o 2>,
AR 25 1 9URT LATE - H8 2ok R0 5 BT S5 A R
AL R A R

3 TERERERSZENEXRYY

Table 3 Correlation coefficients among F chemical forms of treated soils

Ws-F Ex-F Fe/Mn-F 0.M.F Res-F T-F
Ws-F 1
Ex-F 1.0000* * 1
Fe/Mn-F 1.0000* * 1.0000**
0.M.F 0.9993** 0.9995" 0.9996" * 1
Res-F 0.9974** 0.9978* * 0.9980" * 0.9994* * 1
T-F 0.9907* * 0.9914** 0.9919** 0.9949** 0.9979** 1
1) * % FoR 1% WEHKF
x4 BERU AR ZE AT S S R R SRR IS I
Table 4_Pah corlficen ST L TF, 45 Ab 302 ] 19 22 57 35 . K F- (P <
| % Ex-F O0.M.F Res-F T-F 0.05); 7£ 10 ~ 100 mg'kg‘lﬁi&bﬂiﬂiﬁﬂ,%§$ﬁﬂ§\
Ex-F 0.279 8 -0.0341 -0.7174 1.4555 N L
i B4 4e A [SRE P G R
O.M.F -0.0390 0.2444 -0.6459 1.3831 fﬂl *E:““ﬁai/y‘{k‘x?%(ﬁ>o‘ 05)\’ i‘if
Res-F —0.7409  0.2709  —0.0340 1.4720 TSN IR 3] 200 mg-kg ™" INF, R AR R
T-F 1.4886  0.2735 -0.0362 -0.7326 SRR ZEZ M rp SRS R R E BT A, SR
M E R SR S A R SR Y S g R
2.3 ZEAMW - B R R TEZERH 2 R FEHESTEA. £ 0 ~ 200

%25 WL, 7E 0 ~ 10 mg-kg ™' AL B 2 ], 4%

mg - kg " GAL B[R], 2 14 A AR A CRERR AR 30
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Table 5 Root,stem and leaf T-F concentration and F accumulation coefficient( AF) of tea plant at various soil F levels

RN/ mg-kg ™! I E/mg kg~ LR G/ mg-kg ! R Fr i/ mg kg ™ HERK ¥ia RA

0 194.42 +8.82¢ 41.45 £7.98¢ 388.11 =14.58d 1.26 2.21

5 233.73 £3.59a 46.16 £2.90¢ 517.13 =£1.03b 1.62 2.41

10 219.16 +6.05b 78.85 +2.74b 469. 03 +22.43¢ 1.47 2.50

50 217.43 £0.87b 85. 63 +3.46b 519. 64 =16.22b 1.49 2.78

100 206. 61 6. 08hc 86.78 +11.66b 522.37 =10.24b 1.31 2.95

200 121.39 £6.49d 118.34 £13.07a 770.95 £21.75a 1.42 7.33
EYEpx y, =0.006 5x> —6.2137x+1989.9 (R*=0.8634, n=18)
[5] 975 7 ¥, =0.007 65> =7.746 8x +2445.2 (R*=0.8527, n=18)

D) AR v TR HIEET A i (mg-kg ™)y, RERM M LI B 5 (mg-kg ™)y, REZW I EH T (mg-kg ™)

2.4 R[AIAETE A SO 250 9 4 19 B ik

F 6 Jy bl - iR [R] FUB S 5 25 25 B 98
FURAGZEA H TSR, AR Ws-F &5 4
Res-F 1 T-F F AR BE (P <0.05) 5 #l T-
F &85 130 Ws-F, Res-F fl 0. M. F &4 W%
MIEEFEZR (P <0.05). 25 Ws-F fl T-F LI K i
*6 FETEARARSSHEMSHCARRNOZHEEHT)

Ws-F & & iz BIA BB (P >0.05) 5 1EAh,
A T-F &85+ Ws-F, Fe/Mn-F, O. M. F £l
Res-F SHFITE (P <0.05). ZW M H T-F f)iE
RO (F7) , Ws-F Fl 0. M. F S LR A
T-F &, HoTMkIE AR5 Res-F Al Fe/Mn-F NI
FHIVEH A0 HI K/ NRILN . Fe/ Mn-F > Res-F.

Table 6  Results of step regression analysis of the concentration of F chemical forms in different

tea garden soils to the F uptake by different organs of tea plant

e n
L k — L
Ws-F Ws-F T-F Ws-F T-F
Ws-F 4.709 31.703
Ex-F
Fe/Mn-F -5.902
O0.M. F -7.782 30. 620
Res-F -0.14 -0.472 -1.644
T-F 0.12
R 15. 82 416. 303 963. 306
RBP4 0.968 5 0.9743 0.9983
F 38.79 32.1839 359.2549
P 0.007 2 0.0303 0.1101 0.1123 0.088 5 0.0395
D) BRI P <0.05 SRS , MU AERHL . 25 A0 ofo i e AOFD KR & BB BB 00 K -9 1AL 00, 1R 91, 2 1)
N 2
FR7T EWITREREEERRHE
Table 7 Path coefficient of the content of total fluoride in leaf
EHE Ws-F Fe/Mn-F O.M.F Res-F
Ws-F 1.364 8 -1.2328 1.2300 -0.4830
Fe/Mn-F -1.2485 1.3477 1.290 4 -0.4927
O0.M.F 1.354 1 1.2397 -1.1897 -0.467 1
Res-F -0.5720 1.1525 -1.0755 1.106 0
3 it A SRS HEXAEY) | S, EEW R A B
T8 . _ o gy N
AR ARSI A A B - 1 R I S R K
TIEPFUE B 3 KA PSS . RERUS  AMEOK I M U A e e AN B
BREREE A LRSI A, SO KRR AL, AP TR 2020° i G MR,
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REE 5 FAd— A P SO B AR F - ] 53
b JFF (0 A J T B B T L i R T
T 58 fE, B RRSREE TR RS G
i A IE G, B AT 3 0] Bk R R AR Rk | B
RSt/ I N3 o 1102 e S N LW 2 S| KR T TG AT i
SEEG B 5 A o i R 2 AR R I AR K
TR 498 I 23 B A B T ) B K ) AR A Ak
fRFALFE (10 mg-kg ") Fl 7 FAL (200 mg-kg ™)
ZIRRIA 25, BHAE T (200 mg-kg ™), Flifk
60 d J& ,Res-F frit T} 564. 77 mg-kg ™', ¥4 Jm T
107. 34 mg-kg ', Res-F /2 /& AL #H (200 mg-kg ™)
TAMEKEEROE S A B, LI EA
KB, —E T Atk B bRANA
[X,Y,(SiAl)0,, (OH), ] ,F~ AT LAHAY OH - JE 4R
H AR T8 9 ks 20 R xd i B
W AT ) A1 AR L 7E O ~ 200 mg-kg ™" JRAL B 22 ]
ZERAY B R BOIE 1,26 ~ 1.62 Z ], iz R
2.21 ~7.33 ZIHL,¥RF 1, — R UL, & 5% R
s REES KA Y, B & T @RS ENR
fiE2 R R S R A I A YA
K 3B A 437 2 W 45 e 48 b OR [)JR 28 980T 4%
BEARFE L2038 B Ws-F Fil T-F A9 FL R 5Tk A 2
S FRE 2R AR A E R T T A 4R
FrE RS AT A B YOG R R
USRS e e e e S e PN Y i PSS
F L RUIFAE B E 7AW inEm LA R
GRS BT A S . R R R AR &
BN, 5 HE A SR 90% L) b 25 409% ~
90% 114 8 1T 1 v A 2 25 3 v 00 TR, KU S U
AT 7  EE RN 2 —. AR5 R+
HEh Ws-F 1 0. M. F & X 7 T-F &5 39h
FHIACHR , H AL Ws-F #1 0. M. F &=
ATUAA O AR S I g & i, 0. ML F F 22
5 e R A (A LT, A0S B 5 A LR
HKAVERTIE B, FAE A SRR, S0 4%
PR it A PR R R o R 58, — i O.
M. F &R, +E ws-F 85 0. M.F S &2
ARG, B AT DA ARAS AR i R 30 & . Gao
VR ST RIR AT s AR B, £HER 0. ML F %
WA AR (HA] LR AL L Ws-F
it BUEAR Z R i R R B>, %
T A A 355 TR IR AL AL ] LA B 3 v 45 A7 I
B HT AP 9 A A B B A T 4 52 ) S A AR
b AT

4 i

(1) HHErp a4 K o UL Res-F FERAEAERY
BB RALS 2.99% .+ A4
IRAFTE A AL T AR AR RS 5 AMIE A A M 8Lk A
ISR [0 A B A EAL 10 mg-kg ™ RALEEL T,
Ws-F SR A TR HE, 0. M. F 1 Fe/
Mn-F 7 5t £ Ab BEE [B) 2 5 B 098 3, Ex-F Ab 3
A EA BEEZER (P >0.05) ,Res-F &zl
PR AR X FR 2 AR S 200 mg-kg ' AL T, Ws-
F. Fe/Mn-F Fl1 0. M. F 7 5t b 2 AL B ] 52T )
s Ex-F Fa W 300 Je Tt e B ka3, b BT
Ja A BEMEZES (P >0.05), 1 Res-F & &
WA E IRy, 5 10 mg-kg ™' AL 3 F LA 2%
5. Res-F 2 & HALPE (200 mg-kg ") T AME/KHEME
FIES AL EZIE K.

(2)7£0 ~10 mg-kg ' FALHEZ 0], ASHIAR | =5
ARt e SR e B A - v SRR S Y T
T, A 2 0] i 22 ik K- (P <0.05) 5 78
10 ~ 100 mg-kg ™" FRUALHLIE I, A MAR | 25 AT rp
AR EE(P>0.05). 1£0 ~200 mg-kg ™'
AR Z ], W E R RBON 1.26 ~1.62; Fhiz
FEAE2.21 ~7.33, 5 H RS & (mg-keg ™' ) Z[H]
BEMCR.

(3) A5l -3 PR [R] OB X SRR | ZE it
O Ws-F M T-F IR 5Tk A 2 5. iR T-F &
5 4489 Ws-F, Fe/Mn-F, O. M. F fil Res-F &% &4
BEMEIEER (P <0.05) it Ws-F 85+
BEMAEERTHERAREZENRIHXER (P>
0.05).
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