EA4E 6 2
20254E 11 A

ok ok R o R

Journal of Huazhong Agricultural University

Vol.44 No.6
Nov. 2025,135~144

2R, SRR B, A R AR K R R s [T ] A ROl AR, 2025, 44(6) 1 135144,

DOI:10.13300/j.cnki.hnlkxb.2025.06.014

B T X 2R 7K T AR R AN
SR AN S AN LS NS 2 AL AN S e

L RERFRFHFHRE LK RE, K 410128;
2. BR LA B BT/ A R AT S TRA R 4B E 8 ERE AN 310008

HE

ARG N[ 58 3 55 FR 2 B[R] 6 BRK R A5 /K ¥ PR SR (water-soluble fluoride, Ws-F) 1 S A 5200

DAZSA ity i it 56 S bRk, 508 090,504 . 7526 #1804 4 FBERI/KF-, 3T 43 BITEAL BL/S 55 10,20, 30 FI 40 KR
BRI DE] 1 HE K R A L (28 RO AR, DI E Ws-F & i S52R B oR e 2 3 e vt 1 A 2 b Ws-F By
Fo GARBEGIARLL , B BT AL AN, S B i) Ws-F 35 i i 3 Fh w7 , BT B2 1k 21 80 %0 1, ZE R4
NI RITIG . BE— 22 Hr A B, A SHE 1 P ] ARG, W BB HH B T B ) - A S s . WRSE SR a1
FAE T HZAKCR Ws-F S i A BUR |, Hai B 5 RSt [l 77 e S AR i S BAR T

KA
mESES S571.1 XEARIRED A

KRN ARNEE ZRZ —, EERH
TE G A0 25 /K AT 25 T ik 1 R T S A
SR, 13 I RO e = i) 8 i) s 25, W0 T
SHEE A PG RED . AR, R R
AR AR Z A48 B OFFIE VB IE 0 JIE 58 ) A1 R 42
(RIERG MAERG) KB MAEFRIIEG B
FEVET L BeA, GRS i v A 4 R R A 4 0 R
AR

R ZHAE YR P Y 560 B 5 I8 T 10 mg/kg,
M g S AT 30 mg/kg B 4 B B EORE
ARV SR, ZERE (Camellia sinensis) Vs 8 B2 585
WREE B HUG RE IE W A . I R A 2 B A
A B R 5 s 2 02 E ARG, E
SR ZE AT IA BT RO RO T D R e
IR el R AT O A I A R, R 2 A s b R B
R I8 1150 mg/kg, KBTI A B H RS . HF
FERM AW B B IR 2 800 SRR T 85
18K s M 9 (water-soluble fluoride, Ws-F ) & H:
TR WOE 2, Hop s -4 A4 (n AIF?T AIF, T
AR, ) BT O 280 1 sl e EL A T 5
AR 2 AT 3 o 3 S WS B IR A B B 2K

Wk H 9. 2025-08-23

KUK TR 5 ERTALIE s RVAMETR; ez ML
XEHS  1000-2421(2025)06-0135-10

Y, 28 R PR A5 M it i i B b B X SR B )
FENE B BRI Ws-F, AT S 8O i v
B R ER R . Zhang FOBFFTHE— LR, AT AR
T T A RS T R AR N £E b 2R
B AT R ot e ) WA e ds R SRR, SE B T
X e e R SRR FR R TR A2

ZE A A IR I R B G A Y P 2
Sto Wen FBF58 K B, 25 A 1 BT 2B 1 SR R
R ERTHES, HEKRE Z R, H R
B T A Dy — i HE Y 2 e A BRI 608 9 Y
AR A B RS B e 2 R 2
an I, I ELFE AR P SR AR B BT, U A = R
AR A Pl R T Ge S USIEX LR
7 S 7 Ak BT S = A 14 R T S i B, S D 1T (14
d) T e AR 2 el il B2 R A TR R O O R
Jit, L i 5 JEE JHE 1 (=R 9906 ) U el 25 il 1 2
AN SRS B R R Sano 55 RFSTIE—
AR IR S 2 9K HH B B 5 0 R RE 231 Kk
Y R A RN, T TR M LA I S A IR S . R, A
17 085 T3 5 J3E 15 452 F [ Xk 25 ) 9 SR AR 1 14 5 g 47
ATERGTE . AWTIELLZ AR M R 557 g b1

AW H « FH R E ST H (2022YFD1600801 ) 5 S g2 A Bl ML I 2015030 H (S202410537114) 5 [ 5 ) 34 e SR s R
B R G X %L 1 (2022SFQ48) ; 1185 2 BUACA M 7 Il 43 AR R i & 30 (HARS-10)

2R, E-mail : Ly998901@stu.hunau.edu.cn
WAGVESH L2 3, E-mail : shencw(@hunau.edu.cn



136 LRI I NI <3 4

544 4

BE XA T 2R 2R A B AS R AN []
HAL LA B A48 Ws-F & =i 475007, U A S5 7
AN AAE T Ws-F IS RS 2 BIUHE IR 58 B
X R B KV 1 SRR R 2 ), B AR R 2 T 4 B b 3R
FRE IR L) R RS 2 P i i 2%

1 #MRIERE

1.1 KRR

A5 R 2 AR oy o W — LA R A K
YT (28745 N, 112°69' E) FHL i) 22 4F A= 25 B i
REIMSE AR, BHIE 10 a AL A4 80~100 em, i
& 120~150 cm. & 80 Y0 3 1 Ak P A 5 A~ 38 1 Xf
TR, AL B 70 d J5 F 2023 4F 6 H R gt — 2 —nf-feg i
SRR TR T RS (2= Rie Kl T )
S5 AR (FER 70 hG T4, A b BT 3k E
82 FFIE WL AT KR T (Ws-F) & & .

W e R 25 BT (28749 N, 111°47'E) —
AP AT , i+ R HCE- 1 5 i 1084.5 mg/kg.
HER LA 2 b 3 AR S R AR S B 10 a L 1
FRATHE 0.8 m>X< 1.5 m, # %5 80~100 cm, ji f 120~
150 emo T 2023 4F 8 H AW Az < IR S 10 4 ' 4 1~ 18
BRRIE : CK(0%) .50% .75% 5 80 % , i FH 24 r 35 {1
W7 3 (20 m X 2 m) , AELHAC AT 3R AE )2 F L A
A AL BE A A 40 o, BUORER B] 235 F AR RS 95 10,
2030 F140 Ko RAEM - 25 M AR T 435
R30S o (5 1~3 1) s (565 4~5 1)
Mz (5 6~7m) . MR AT 100 CFZEH
5 min, 28 J5 7E 80 ‘CHYMERT (R F B A A
DTS d BT ZEFRRR RS BLHEAE 80 °C
MIREAR TR 1R o FEAR TS R GB/T 8303—
2013 (A5 B 0 RE 1 ) 48 B LT ot % D )
BT . RS AE P AR TR R A i
LA 0.15 mm YT IR 21 fE 5 H o
1.2 KBFMERSENE

KR SR I E 2 Wang 252V 1 05 vk 6
0.2 g FEfh OFF i 2 0.1 mg) LA 50 mL = f ke,
BE S A 40 mL K, IR B E Tk K i 1, 15 min
JE IR R E R . B WA 10 mL A 5
A 50 mL BUEMRERR Y, SRS T S TR A 10 mL S
O R R 28 R AR YT R T
T+ (R # PXST-2271) W@ P i A2 (mV) o Gl bR
HEM R IE TR S KU PR B i, B o B A
A58 WA METR PRI 58 g NaCl, 120 g —/KAv B iR =

BN 57 mL VKBS R , 4 HW i T 700 mL ko ik
AT 10 mol/L & 48 A 8H % WK pHAE I 9 3] 5.0~
5.5, 5 AR 28 il e 2455 1 L
1.3 ARERHNEVEERBSH

L) - 48 2R G5 T B R 2 B8 Zhang %5 )
J7 1, R 2 2 %0 (translocation factor, TF) #l4=4)
= 4 R %% (bioaccumulation factor, BCF) XI5 frik &
PEAT R G AL . TF(HE 2 A Ty=F s /F gz it
BRI FAER - R I B ROCR s BCF (EAKYS
AR Ber=F wp/F e, BB X £ HEK 75 1
A E RS . BrA BRI R 3R EE
T AFL - 244
1.4 M&{E(SPAD) S

€ B (SPAD) 5 2 I8 Shao %52 Jy 3% | fi
F PAM-2500 fifi # =0 0 2% K 9% 9% AL (Heinz Walz
GmbH, 7 [ ) I & 25 W T2 T 28 — F i SPADAE .
R AL EEAY SPAD EE 10 F it r-F- 1A
1.5 HBEFHITELH

T 56 H R FH Excel 2016 #4347 88 120 #r
GraphPad Prism 8.0.1 #4784l 73 47 , i@ ok #8357
2208 (ANOVA) 454 Duncan’ s 2 5 LK 46 3E 1T
4 [R) 2% 5 5 EMEHE , P<<0.05 B0 K 25 5l G it 2
B FTA BRI LL 3 AL A ot R A I +
FrifEiR (mean+SE ) £ /R

2 FHRE5HMH

21 EEMRRFARERSENHIT

Fb A AT 17 ONF 2 ) 5 3885 177 A B A5 AR Rk o) ok
L A T Wis-F & i, & BB S 202 0E T AL 2%
Ws-F AR (B 1A) o B R T Rr 18 i 21 5%
54 Ws-F & 2 8580 B4 BT T 44.0% A
48.3% . ML, Toi Xt HR A R IR PR, (AR
Ws-F & ¥ m T 2048, 40 0 i 9.9% F13.2%.
DL 28 SR B 2 1 A HL S B i T A5 R Ws-F (1)
EAEBETT A T2 B S % Ws-F,
AR5 —FEAFENINT TSR FEIES 2k
P
22 AEEWHEENERHAFAKIERIEN
=AU

R B 9 X A SRR S R, 7R
R A0 d 5 T A T02FE N 55 — 5 it SPAD {H.
(F1B) . 4558 o, 75% M1 80%% B Ab H 21 Y
SPAD {H 8%} B (CK) 43 30l B A% 3.990 1 5.7 %6 (P<<



56 R A TN A KA IR SN R S

137

200 =

= JEH Shade
200

a
I b
1500, c
100}
s0f
" . .

217 Black tea 47k White tea

7525 Type of tea

& ®/(mg/kg) Fluoride content

80r

601

B 40

SPAD{H SPAD value

20

0 50 75 80
JERHFEEE/% Shading degree

A2 JHE T A5 X R R 1 Y A AT Ws-F 5 i Ws-F content in processed tea manufactured from shaded and control tea leaves ; B : A [ 72 & 3
B AL 40 d J5 9 SPAD {H SPAD values after 40 days of treatment with different shading levels. AS [A] /NG - hf: 2 7R AS [a] Zb B 8] 7776 2 35 22
5#,P<<0.05, T[], Different lowercase letters represent significant differences between different durations at P<<0.05.The same as below.

Bl BimZFEWs-FEERAELLETHAESPADE
Fig.1 Ws-F content of finished tea and SPAD values of leaves under different treatments
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Fig.2 Leaves Ws-F content under each shade intensity treatments
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Fig.4 Leaves Ws-F content under each shade time treatment
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Table 1 Transfer and enrichment coefficients of soil-tea tree Ws-F in tea plantations under different shading patterns
YR W MBI 10K MR 20 K HEBAHS 30 K HEBAHE 40 K
BE/ % Leaves The 10th day of shading The 20th day of shading The 30th day of shading The 40th day of shading
Shading o
degree age TF BCF TF BCF TF BCF TF BCF
Y1 6.61+ 16.374+ 2.83+ 8.94+ 1.834 4.60+ 5.46+ 13.91+
’ 0.91Aa 2.47ABa 0.07Bab 0.10Bab 0.21Bb 0.41Bb 0.63Aa 1.54Aa
0 MI 9.30+ 21.88+ 8.04+ 25.37+ 6.224+ 15.76+ 14.58+ 37.28+
’ 1.79Bab 3.10Aa 0.46Cab 1.071Ba 0.6120Ch 1.34Ba 0.72Ba 1.48Ba
o1 23.22+ 55.09+ 18.78+ 59.47+ 17.31+ 43.43+ 3342+ 85.28+
’ 1.09Aab 2.68Aab 0.46Bab 1.98Bab 3.06Cb 6.75Bb 5.49Ba 17.63Aa
YI 5.55+ 13.084 3.65+ 12.52+ 2.58=+ 571+ 4.37+ 11.364
0.26Aa 2.45Ba 0.75Ba 2.14Ba 0.12Ba 0.49Ba 0.38Aa 1.62Aa
50 MI 13.06+ 19.13+ 10.13+ 37.35+ 9.121+ 20.28+ 12.75+ 28.74+
’ 1.32ABa 3.11Aa 0.48BCa 1.105Ba 0.21BCa 1.74Ba 1.43Ba 6.01Ba
o1 21.81+ 36.32+ 25.15+ 88.33+ 17.48+ 39.00+ 22.99+ 55.95+
’ 1.85Aa 4.21Ab 1.07ABa 1.02ABa 1.34Ca 4.25Bb 2.88Ba 12.87Aab
Y1 8.754 15.984 7.770+ 28.86+ 4.0624 9.01+ 4.704 12.684
0.45Aa 2.46 ABb 1.51Aab 1.61Aa 0.43Bc 1.41ABb 0.39Abc 1.23Ab
75 MI 19.38+ 37.99+ 16.66+ 50.60+ 13.82+ 32.35+ 13.06+ 34.66+
’ 0.83Aa 0.97Aa 3.39Ba 7.09ABa 2.00Ba 7.22ABa 1.38Ba 3.24Ba
o1 23.82+ 52.71+ 22.01+ 72.26+ 31.05+ 71.14+ 32.03+ 85.34+
’ 3.02Aa 2.34Aa 0.68ABa 5.78ABa 1.93Ba 10.76 ABa 3.774Ba 9.68Aa
N 6.39+ 22.07+ 11.34+ 33.08+ 10.18+ 16.15+ 7.347+ 14.84+
0.52Ac 2.02Ab 0.72Aa 2.05Aa 1.31Aab 1.81Ac 0.55Abc 0.99 Ac
20 MI 11.84+ 47.57+ 30.61+ 89.40+ 33.70+ 53.92+ 33.65+ 80.41+
) 0.52ABb 5.38Aa 2.96Aa 8.15Aa 2.11Aa 3.37Aa 0.51Aa 14.78Aa
ol 23.82+ 54.17+ 22.01+ 105.94 31.05+ 83.15+ 32.03+ 105.14
S
1.15Ac 4.20Ab 2.11Ab 6.19Aa 3.97Aa 7.85Aab 5.56Aa 0.12Aa

7 Note: YL : #{1 Young leaves; ML : B2 Mature leaves; OL: - Old leaves; TF : 432 £ %X Translocation factor; BCF : 4= 4 & 45 R
Bioconcentration factor ; /N [R) K5 T 0E 3 m AN [R]85 B2 [RIA7AE 10 2 25 5 R R/ING P R R AN TRl b B [ A7 A i 3 22 55, P<<0.05.

Different uppercase letters represent significant differences between different shadeing degrees and different lowercase letters represent signifi-

cant differences between different durations at P<<0.05.
FER B, M BT AL B2 AR A R R AR
I, T AR S5 28 A DAy A B 440 M B ) T 22 0, L
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BT BE AR 26 40 K 2530 960 & 1 i & T %
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Effects of artificial shading on accumulation of water-soluble fluoride
in tea plants (Camellia sinensis)

LI You',ZHANG Chenyu’, HUANG Yeqing', WANG Minghan',ZHOU Yizhi', SHEN Chengwen'

1.Ministry of Education Key Laboratory of Tea Sciences. Hunan Agricultural University,
Changsha 410128, China;
2.Institute of Tea, Chinese Academy of Agricultural Sciences/National Key Laboratory of Tea Plants
Germplasm Innovation and Resource Utilization, Hangzhou 310008, China

Abstract The tea plant (Camellia sinensis) cultivar ‘Zhuyeqi’ was subjected to four levels of artifi-
cial shading including 0%, 50%, 75%, and 80% to study the effects of different intensities and durations
of artificial shading on the accumulation of water-soluble fluoride in tea plants during the summer and au-
tumn seasons. Samples of soil in tea garden and various tissues including leaves, stems, roots of tea plants
were collected on the 10th, 20th, 30th, and 40th day after treatment to determine the content of Ws-F.
The results showed that artificial shading significantly promoted the accumulation of Ws-F in processed tea.
The content of Ws-F in tea leaves with artificial shading increased significantly with the increase of the in-
tensity of artificial shading compared with that in tea leaves without artificial shading. The balance of fluo-
ride within the tea plants was disrupted when the intensity of artificial shading reached 80%. It was found
from further analyses that the prolonged artificial shading may induce the transport of fluoride from young
leaves to older leaves. It is indicated that artificial shading significantly increases the accumulation of Ws-F
in summer-autumn tea, and there are complex interactions between the intensity and duration of artificial
shading. It will provide valuable insights for the safe production of tea during the summer and autumn sea-
sons.

Keywords tea beverage; fluorine enrichment; shade treatment; water-soluble fluorine; transport

mechanism
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