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Effects of fluorine stress on growth, physiological-biochemical
characteristics and quality of tea leaves
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Abstract: With a pot experiment, effects of fluorine stress with different concentrations (0—200 mg/kg) on
growth , physiological-biochemical indexes of leaves, abilities of accumulating fluorine and quality characteristics in
two tea cultivars ( Mingshanbaihao and Fudingdabaicha) were studied. The results show that chlorophyll synthesis,
tea plant growth and photosynthesis are significantly inhibited with the increase of fluorine stress. Meanwhile, the
activities of SOD, CAT and POD in Fudingdabaicha are tended to increase at first and then decrease with the in-
crease of fluorine stress. However, the activities of SOD, CAT and POD in Mingshanbaihao are significantly inhibi-
ted. The components of catechin and contents of free amino acids and caffeine, which are the indexes of the quality
of tea, are decreased. These results indicate that the fluorine stress might restrain catechin synthesis and nitrogen
metabolism. The accumulation of fluorine in tea plant is increased with the increase of fluorine concentration in
soil. The total content of fluorine (y) in all organs of tea plant is significantly positively correlated with the fluorine
concentrations (x), and the distribution order of fluorine in tea plants was: leaves > new shoots > branches >
stems > roots. It’s highlighted that Fudingdabaicha has a much better ability of tolerance and resistance to fluorine
than that of Mingshanbaihao, while Mingshanbaihao accumulates more fluorine.
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Table 1 Effects of different concentrations of fluorine on tea plant growth
LY 4bB W (em) RE (cm) FETHERZ(em) HHE(g) Ho BB E A (g)
Cultivar ~ Treatment Height Canopy width ~ Diameter at stem base Root biomass Above-ground biomass
a5 Fy 57.91+9.03a 54.83+7.03 a 0.87 +0.07 a 26.75+2.29 a 76.11 £13.40 a
Fuding- F, 56.14 £8.91 a  50.31 £8.91 ab 0.82 +0.10 ab 19.95+2.75 b 38.16 £10.23 b
dabaicha F, 54.94£5.79 a 44.06 +£6.42 be 0.80 +£0. 14 ab 12.26 £1.59 ¢ 30.63 +£9.19 be
F, 53.56 £+7.98 a 39.50 +£5.67 cd 0.76 £0. 11 abc 9.63+1.78 d 27.78 £7. 87 be
F, 51.93 £8.67 a 35.21 +5.08 de 0.70 £0.09 be 6.92+1.00 e 22.21+6.9%4 ¢
F; 49.45 £6.93 ab 32.25+1.76 e 0.65+0.10 ¢ 4.28+£1.21f¢ 18.86£3.53 ¢
ZILHZE Fy 68.19+8.33a 63.42+6.45a 0.87 +0.07 a 37.23+£3.70 a 87.29+15.41 a
Mingshan- F, 56.35+6.36 b 35.67+5.26Db 0.74 +0.21 ab 16.02 +3.73 b 36.93 £12.98 b
baihao F, 40.58 £7.65 ¢ 28.35+4.13 ¢ 0.63 +0. 05 be 9.63+1.86 ¢ 18.80+7.09 ¢
F, 33.69+7.87 ed 21.50 £5.39 ed 0.59+£0.08 ¢ 6.73+1.38d 11.65 £5.19 ed
F, 29.91 £4.27 de 18.67 £2.98 de 0.51+£0.11 ed 3.78£0.95 ¢ 8.43+1.26d
F 21.81+2.85e¢ 13.03+3.08 e 0.41£0.10d 3.23+0.84 ¢ 6.03+£2.74d

H:(Note) : FIFBEG A F TR IR BEEIZE 755 5% 5.2 7KF Values followed by different letters in the same column are significant at 5% level.
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Table 2 Effects of different concentrations of fluorine on chlorophyll content and component

b YR (mg/L) M4%2 a Chl. a M4Z b Chl. b M4t&(a+b) Chl. (a+b)

Cultivar Concentration (mg/g) (%) (mg/g) (%) (mg/g) (%)

BHREAKASR F, 2.08+0.18 a 100 0.81+0.06 a 100 2.89+0.23 a 100
Fuding- F, 2.05+0.23 a 98.56 0.80+0.04 a 98.77 2.85+0.21 a 98.62
dabaicha F, 1.79£0.23 b 86.06 0.64+0.06b 79.01 2.43+0.34b 84. 08
F, 1.56 £0.30 ¢ 75.0 0.62+0.07 b 76.54  2.20x0.12 ¢ 76.12
F, 1.43+0.24 ¢ 68.75 0.58 £0.07 be 71.60 2.01x0.32 ¢ 69.55
F, 1.34 £0.06 d 64.42 0.55£0.03 ¢ 67.90 1.89x0.05c 65. 40

A= F, 2.17+0.20 a 100 0.87+0.04 a 100 3.04+0.02 a 100
Mingshan- F, 1.71 £0.09 b 78.80 0.82+0.09 ab 94.25 2.52+0.20b 82.89
baihao F, 1.63 £0. 18 be 75.12  0.76 £0.07 be 87.36  2.39+0.06 be 78.62
F, 1.51+0.11 ¢ 69.59 0.73:0.02 ¢ 83.91 2.24+0.07 ¢ 73.68
F, 1.27 £0.15d 58.53 0.64+0.06d 73.56  1.90+0.25d 62. 50
F, 1.23 £0.08 d 56.68 0.63+0.05d 72.41 1.86+0.184d 61.18

¥ (Note) : [EFIEIRG A E TR REFIK 5% BEKF Values followed by different letters in a column are significant at 5% level.
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Table 3 Effects of different concentrations of fluorine on photosynthesis of tea plant

BE WE(mgL)  EORAER Pn FALBIE Cs A Tr H1I CO, YKIE Ci
Cultivar  Concentration [ ymol/(m* - )] (%) [mol/(m® -s)] (%) [pmol/(m®-s)] (%)  (pl/L) (%)
fBER e F, 11.82 +0.90 a 100 0.16+0.02a 100 2.94+0.14 a 100 211.62 +19.09 a 100
Fuding- F, 11.40 £0.84 ab 96.4 0.14+0.02b 85.5 2.82+0.35a 95.9 209.47 +14.68 ab 99.0
dabaicha F, 10.86 £0.69b 91.9 0.13+0.02b 82.4 2.27x0.33b 77.4 206.57 +22.77 ab 97.6
F, 10.41+1.03b 88.1 0.13+0.02b 81.1 2.18+0.32b 74.1 205.83 +27.54 ab 97.3
F, 9.84+0.89 ¢ 833 0.11x0.02¢ 71.7 2.13+x0.54b 72.5 205.58 £14.49 ab 97.1
Fs 8.93+0.95d 75.6 0.10+x0.03d 59.7 1.87+0.17c¢ 63.6 200.49+20.40b 94.7
AllfEE=3 F, 12.30 +0.89 a 100 0.17+0.02a 100 2.62+0.29 a 100 246.78 £12.45 a 100
Mingshan- F, 11.08 £0.80b 90.0 0.15+0.02b 89.9 2.35+0.29b 89.7 235.78+12.33b 95.5
baihao F, 10.42+0.93 ¢ 84.7 0.14+0.03c¢ 79.9 2.30+0.44 bec 87.5 224.28 +16.53 ¢ 90.9
F, 9.08+0.42d 73.8 0.12x0.04d 69.2 2.32+0.22bc 88.5 206.89+16.47d 83.8
F, 8.12+0.67e 66.0 0.11+0.02de 657 2.21+0.17c¢ 84.3 193.11+41.13 ¢ 78.3
F;s 6.90+0.16f 56.1 0.10+0.02e 59.2 1.72+0.41d 654 183.60+8.10e 74.4

HE(Note) : [FFIEIRIGE AEFRFERZEFIE 5% BEKF Values followed by different letters in a column are significant at 5% level.
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Fig.1 Effects of fluorine stress on leaf SOD ,POD,CAT activities and MDA content of tea plant
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Table 4 Effects of different concentrations of fluorine on component of free amino acids in new shoots

HEB FBE K 2% Fudingdabaicha 41l B2 Mingshanbaihao
Amino acid F, F, F, F, F, F, F, F,
KAGBE Asp 1.46 1.44 1.32 1.39 1.51 1.46 1.48 1.29
22 Z R Ser 0.72 0.72 0.84 0.54 0.63 0.76 0.57 0.43
BEER Glu 2.64 2.72 2.14 1.98 2.79 2.47 2.00 1.70
HEER Gly 0.03 0.03 0.02 0.03 0.04 0.02 0.02 0.02
20 & B His 3.31 2.56 1.48 1.09 3.37 2.02 1.28 1.23
KRB Arg 8.29 7.76 3.83 2.39 5.98 6.24 3.35 2.23
HEER Thr 0.31 0.29 0.28 0.22 0.31 0.29 0.25 0.21
HAEER Ala 0.17 0.15 0.14 0.1 0.17 0.15 0.13 0.09
HEER Pro 0.56 0.52 0.63 0.55 0.62 0.59 0.58 0. 61
FKEFER The 15.09 14.08 14.29 12. 89 15.92 10.97 10. 20 9.77
BE S ER Tyr 0.03 0.1 0.12 0.15 0.02 0.09 0.08 0.03
HEER Val 0. 06 0.04 0.07 0.05 0.01 0.07 0.05 0.05
H &R Met 0.97 1.42 1.45 1. 66 1.5 0.61 0. 81 1.22
FREER Lys 0.16 0.14 0.11 0.08 0.1 0.15 0.09 0.06
REER le 0.02 0.01 0.04 0.02 0.02 0.02 0.01 0.02
LEER Leu 0.23 0.16 0.24 0.23 0.21 0.22 0.19 0.21
FENE R Phe 0.05 0.03 0. 06 0.07 0.04 0.03 0.02 0. 04
B8 Total 34.1 32.17 27.05 23. 44 33.23 26. 16 21. 11 19.21

£ (Note) : BIE =150 mg/kg BALPE, AR ZHE/D, RAEFR T 1 3F 2 MHR%E The shoot of 1 —bud and 2 —leaf was not gotten, for sprout limited
heavily under the higher F siresses ( =150 mg/kg).

£S5 FEABKEXHHILFREHS RO S ERR0E

Table 5 Effects of different concentrations of fluorine on component of catechin and content of caffeine in new shoots

W #h s JLE R B4 45 Catechin components (mg/g) JLAZERE(mg/g) IEER (% )

Variety Treatment EGC +C EC EGCG GCG ECG Catechin Coffeine
BERAASE F, 11.98  0.77 7.29  71.59 10.10 15.79 117.53 40. 20
Fuding- F, 17.08  0.33 815 58.39 9.03 14.55 107. 54 38.07
dabaicha F, 15. 11 0.51 9.12 64.61 9.36 15. 08 113.79 38.90
F, 20. 89 1.74 8.15 62.48 8.77 14. 58 116. 60 38.34
AN =E=S F, 14. 11 0.27 7.52  67.00 7.46 16.43 112. 80 37.49
Mingshan- F, 18.79  0.69 8.77 75.46  8.46 18.22 130. 39 38.38
baihao F, 10.07  0.30 4.95  62.27 8.88 14.98 101. 45 36.31
F, 14.25 0.22 6.68  65.57 8.42 15.70 110. 84 35.40

IHZ&HENRSEYEESIRBER TEME  RINE, Q2 MHE, ZWHT- Sk, E 0 2,
(Fg =8.137, Fy =5.817, Fuy =1.67, Fy = RERRWIL. HXFFTEIEHNRDIEESIE
8.107, Fyy =60.98""), Hh R, B N TR R e R RS
3 i FHEB TSR AR AR LR, HER
TREFARFOFE, FABEREMITRES

Pa U R IR IR WP A 0.5 ~  BRMEMERETTREEAY SR RNER T

1.0 mg/L 99,3 MARAM E I 88, R R, A BEERESRZIMH, SE R F 45
DA K2 B REIR s HUBEN 4 ~ 8 mg/L B AE  J5, S A BRI EPREE RS &, IE iU U , T
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K6 FHHEEHRBB R
Table 6 Coefficient of F absorption in organs of tea plant

AL Variety #5E Organ F, F, F, F, F, F,

LT =P R Root 1. 00 1. 00 1.00 1.00 1.00 1. 00
Fuding- Z£ Stem 1.15 1.13 0.96 0.89 0.84 0.31
dabaicha #3i4% Branches 2.73 2.63 2.10 1.89 1.57 0.81

i} F Leaf 15.12 18. 51 18.90 16.27 18. 54 10.90

B4 Shoot 5.04 6.53 6.51 7.39 6.30 2.52

ZlBHZE R Root 1. 00 1. 00 1.00 1.00 1.00 1. 00
Mingshan- ZE Stem 1.13 1. 09 0.76 0.67 0.62 0.36
baihao #3i4% Branches 2.71 2.42 1.65 1.38 1.25 0.60
I F Leaf 19.34 24. 69 16. 19 14.96 14.09 10. 83

B4 Shoot 6.36 9.49 9.78 8.08 8.76 3.58

£7 FRFAFHEHTREEHOMRREOHM (me/ke)
Table 7 Effects of different concentrations of F on accumulation of F in different organs of tea plant

b e AbFR Treatment
Variety Organ F, F, F, F, F, F,

185 H Root 34.74 £3.54 d  38.57+0.79d 47.98+2.15¢ 54.47+1.30¢ 71.81+11.37b 170.7+2.23 a
KALK 2 Stem 39.91+4.03d 43.67+1.89 cd 45.23+2.56 cd 48.65+2.46 bc¢ 60.89+5.97a 52.59+2.63 b
Fuding- 75%4% Branches 94.96 £2.30 ¢ 101.4+3.68 ¢ 101.0+1.42¢ 102.4+3.95¢ 112.9+12.10b 138.7%4.85 a
dabaicha M-}y Leaf 525.1+33.59 ¢ 714.6+126.14 d 945.1+13.25 ¢ 886.3 £31.92 ¢ 1331.5+132.8 b 1860.1+98.44 a

#H Shoot 175.1+3.04 e 251.8+20.85d 313.1+9.37c¢ 402.5+11.90b 452.71 +11.90 a 429.4 +18.06 a
ZIIHZ B Root 34.13+1.44e 40.13+2.62e 62.34+2.04d 79.53+£3.66¢ 89.79+9.47b 189.7+8.01 a
Mingshan- 2 Stem 38.36 +1.34 e 43.42+2.04de 47.78+1.08 cd 53.09+1.18 bc 55.80+2.98b 67.41+7.38 a
baihao  £;4% Branches 92.54 £3.42d 96.94+2.23 ¢d 103.1x4.94 bc 110.0+3.50 ab 111.4+3.66a 111.6+4.94 a

m-H Leaf 660.4 +17.64 d990.82+9.70 ¢ 1008.9 £29.86 ¢ 1178.4 £18.29 b 1274.2 +39.32 b 2053.9 +81.64 a

#H Shoot 217.2 +4.32f 380.8+14.22e¢ 609.0+3.26d 644.1+7.41e 782.2+20.77b 678.4+22.68 a

¥ (Note) : FHA-H 1 % 5 MY Shoot are the tender with 1 —~bud and 5 leaf. [6]%)] A [5) FEB: 38 A0 B B 22 75 5% 837K Different let-

ters in same column mean significant at 5% level.

Table 8 Correlation analysis of F content (y) and F concentration (x) in different organs

K8 HREASE(y) SHELERE (x) WHXIMN

ALEr f& &K B2 Fudingdabaicha 4 11 9 Z Mingshanbaihao

Organs [515 5 #2 Regression equation FEREE r [F1J3 52 Regression equation MRBEE r
#& Root y = 0.5696x + 20.347 0. 8668 y = 0.6697x + 24.535 0.9196* "
Z¥ Stem y = 0.0785x + 41.675 0.8445™*" y = 0.1286x + 39. 885 0.9798 **
4 branch y = 0.1828x + 92.777 0.8987 " y = 0.1052x + 95.588 0.9485" "
M H Leaf ¥ = 5.9534x + 521.376 0.9586 " " ¥ = 5.5493x + 713.500 0.9197 "
FHihY Shoot y = 1.2955x + 225.046 0.9187*" y = 2.2625x + 356.244 0.8337"

E(Note) : *—P <0.05; = *—P<0.01
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FIRABALY T SR AR . AR
PG A 3 R PR 1 R R BRI SR 6 B2
A1, BT e B R AE S P B S A 4 o T A% B
B —1,5 - —WFER (RuBP) SRAGER G , RIS 1
SRR ATP B LUK Z 50ba R ILE R
A2 ERAL Y T, AT RS X ML B, i
YR . BAN, TERRYESRM T, AL BE L) HE 1)
KASEARSETY RS, I 0 A R SO 7= A %
PR AR B H . Rk
X P T P ) R BV R R P M & RO
RREGYERS Ca* Mg FEFEEETE R F -Mg
B F -Ca E5WIHHERIEY S 8K E Mm%
IO

TEME F M BE N 20,50 mg/kg HY, SOD, CAT HiI
POD B PEARA B PO IS B %, Xt —Fh R
SR, (A0 3 TR IR Y SN A — R
TR R B R S A A5 E Y T A K
FE=100 mg/L t, wlid 1 Bl SO E 4 L, Tl P 45
B G R BIR , BHE YRR T B 6, S A
PSP A FE BR R G0 8, S BOE Y 1 A 3
FRBIERAL, AIIREM 59 MDA & 238 fin, 40 M
AR AT Z B — BB B, W = B IR
MEMA —EMEEEN, XSEWTE? L
SR EPITEARARM. 2 B A
AR T B, 4 10 H 2 FR H,0, BIRET
T S RE ) 4 B B35 TR

ARMAE R YO, A& R &
RIRE R SRR R AR R, 1%
InFEALEE 24 A, BR A A ZWE DT F 20 mg/kg
AL BEAL 2 A ah A HE AL B R B R R L
ZRE L 5 LA B e BB R B B R R T R
o MBS LMK (L3 176 d) W)
R, —E KR E (50 ~ 250 mg/kg) 3 T #H
W B AR S B, T It 5 2 W 5 BRI T
MO R 2 B BB R R EILE R A 2 (ECCC
%) KIS BN EEA B INFF SRR, i
FEBRGERNMERSERAEEE RN ER TS
fih Rk B [ AS [AL A5G A R 38K - T, R
FEEBR S BT MR R K Al B85 AL 10 A 1
N RIR G U A B & I A 4 1 i = g T
RERF AWM TEER Ko XY B & B
TR, WD T BEERR I & L 27 o AL FE
B R G R RN, 5] RE 5 A 6 R AR
i (PAL) TEHE A 5%

AT AW BN BB EUARES S
HM BRI RN RS REE -, #—F
MESEZRARXT R 0 B B AR, 2 3
MR 3R, B R s, M AT L R R A
TESE M ERERABRR

AT 25 R B , 1R A S R ORI R B
B A2, BERATERR H0, K985 N 5% 5%
T I E 2, X 2 AR S i S AR B 2
R R SR BB RN R BT B2 5, TR S A OC
WRIBRER R AR5, W, SR
HE S ERAZRM A R PR S S B
3-9'
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