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Abstract; In order to study effects of exogenous abscisic acid (ABA) and its inhibitor sodium tungstate
on cold tolerance of Camellia sinensis ( Linn.) O. Kize., taking two-year-old seedling of C. sinensis
‘Longjing 43’ as experimental material, six treatment groups of single and mixed treatments of 50
mg - L' ABA and 20 mmol - L' sodium tungstate (T1: only spraying distilled water, the control; T2 :
only spraying ABA; T3 only spraying sodium tungstate; T4 . spraying ABA and sodium tungstate at the
same time; TS spraying ABA at 0 h, and spraying sodium tungstate at 24 h; T6; spraying sodium
tungstate at O h, and spraying ABA at 24 h) were set up under low temperature (4 °C), changes in
osmoregulation substance content and antioxidant enzyme activity in leaf treating for 0 - 72 h were
compared and analyzed. The results show that contents of soluble sugar, free proline and soluble protein
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and activities of superoxide dismutase (SOD), catalase ( CAT) and peroxidase ( POD) in leaf of
seedling in each treatment group increase gradually at the early stage of treatment, and afterwards,
changing trends of each index are different. At the middle and later stages of treatment, except free
proline content in T4 treatment group is lower than that in the control group, contents of soluble sugar,
free proline and soluble protein in each treatment group are generally significantly higher than those in the
control group; activities of SOD, CAT and POD in T2 treatment group are significantly higher than those
in the control group, while in T3 treatment group, only SOD activity is obviously higher than that in the
control group, and activities of CAT and POD are lower or slightly higher than those in the control group.
The results of comparison on single and mixed treatment groups show that activities of SOD and POD in
T4 treatment group are generally lower than those in T2 treatment group, but are higher than those in T3
treatment group, while its CAT activity is generally lower than that in T2 and T3 treatment groups. After
treated for 24 h, changing trends of contents of soluble sugar, free proline and soluble protein and
activities of SOD and POD in TS5 treatment group are consistent with those in T2 treatment group;
changing trends of contents of soluble sugar and free proline and POD activity in T6 treatment group are
consistent with those in T3 treatment group, but there are a certain differences in changing trends of
soluble protein content and activities of SOD and CAT between T6 treatment group and T3 treatment
group. It is suggested that spraying proper amount of ABA or sodium tungstate can enhance

osmoregulation substance content and antioxidant enzyme activity in leaf of C.

sinensis under low

temperature, but effect of spraying ABA and sodium tungstate at the same time on osmoregulation
substance content and antioxidant enzyme activity in leaf of C. sinensis is not significant.
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Bl ( Theaceae) LI Z5J& ( Camellia Linn.) 244 5 4K
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) ABA [ A fL I ( ABA-aldehyde oxidase ) 151, fiff
ABA JEARRESRE ALy ABAM | SEBE I3 R, A 1A
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ABA ;24 h B 20 mmol - L™ 3R 4N ) b BEZH ASH
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i 8 T 2 P 7 B () A 3
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Table 1 Dynamic change in contents of soluble sugar, free proline and soluble protein in leaf of Camellia sinensis ( Linn.) O. Ktze. after
spraying ABA and sodium tungstate under low temperature (4 °C) (XxSD)!

AN ) b B R[] I B9 TS 2 4/ %%

Soluble sugar content in leaf at different treatment times

Lb 32
Treatment® 0h 4n § h 12 h 24k 48 h 72h
T1 10.56+0. 14fA 11.19+0. 55efC 11.76+0. 30eD 13.35+0.49dE 16.18+0. 63cE 20.03+1.67bD 21.45+0.79aD
T2 9.83+1.00fB 11.13+1. 14eC 14.81+0.43dC 17.70+0.45¢C 20.14+0.90bC 22.50+1.05aC 21.12+0.52bD
T3 10.46+0. 18fAB  14.72+0.70eB 18.23+0.31dB  22.12+1.49¢B 24.19+0.53bB  26.74+0.68aB 24.62+0.58bC
T4 10.36+0.21eAB 11.66+0.27dC 12.01+0.26dD 13.94+0.50c¢D 17.52+1.02bD 21.65+1.59aC 21.82+0.72aD
T5 9.91+£1.01fAB 11.17«1.15eC 14.75+0.33dC 17.73+0.38cC 20.05+0. 82bC 26.00+0.73aB 25.45+0.75aB
T6 10.52+0.28eAB 22.91+0.97dA 25.57+1.67cA 27.64+0.36bA 29.16+0.32aA 28.55+0.46abA  28.95+0.25aA
fib 32 AN [A) Ak B ] ufﬁﬂﬁ(}]’?%ﬁﬁﬁmﬁ%/ug . g’l Free proline content in leaf at different treatment times
Treatment? 0h 4n 8 h 12 h A 48 h 72h
Tl 10.24+0. 76fAB 12.92+0.40eD 14.45+0.31dD 15.72+0.53cD 16.99+0.41bD 18.13+0.36ak 17.89+0.55aD
T2 10.71+0.27fA 14.95+0.41eC 15.89+0.45dC 18.09+0.67cC 19.33+0.46bC 21.20+0. 64aD 19.40+0.72bC
T3 10.08+0.60gAB  19.13+1.06fA 22.20+0.96eA 29.28+0.58dA 32.49+0.81cA 35.49+0.42bA 41.57+0.72aA
T4 10.54+0.68dAB  12.38+0.42¢D 12.98+0. 50cE 14.05+0. 64bE 14.72+0.72abE  14.89+0.49aF 15.39+0. 55aE
TS 10.58+0.49fAB 17.53+0.44€B 20.53+0.20dB 21.47+0.35¢B 24.41+0.55bB 26.81+0.64aB 24.51+0.21bB
T6 10.01+0. 66gB 14.99+0.61{C 16.02+0.44eC 17.93+0.96dC 19.60+0.49cC 22.60+1.01bC 24.91+0.55aB
Jisic) ANSEASFRA A R AT PR B R i/ wg - g1 Soluble protein content in leaf at different treatment times
Treatment® 0h 4n § h 12 h 2 h 48 h 72h
T1 12.46+0.16cAB  15.99+0. 14bF 17.19+2.13aD  16.36+0.70abE 16.10+0. 32bF 16.40+0. 14abF  16.59+0. 14abF
T2 12.58+0.69eAB  17.34+0.47dD 17.68+0.43c¢dD 19.36+0.67bD 28.66+0.84aD  19.57+0.85bE 18.58+1.08bcE
T3 12.56+0.21gAB  18.74+0.29{C 20.82+0.52eB  21.98+0.68dC 30.88+0.55¢B  42.20+0.84bA  53.63+0.65aA
T4 11.92+0.42dB 16.44+0.24cE 19.50+0. 80bC 19.34+0. 10bD 19.83+0.70bE  20.60+0.35aD 20.49+0.40aD
TS 12.66+0. 46fA 20.23+0.34eB 21.81+0.41dB  23.45+0.54bB 29.75+0.18aC  22.36+0.48cC 21.63+0.38dC
T6 12.68+0.26gA 21.13+0.36fA 23.43+0.33eA  24.51+0.87dA 33.21+0.36aA  26.21+0.62cB 28.98+0.38bB

D EFF AR NG F R R 255 B3 (P=0.05) Different small letters in the same row indicate the significant difference (P=0.05) ; [[31-FAS[H
MRE FRFRRER B (P=0.05) Different capitals in the same column indicate the significant difference (P=0.05).

D11, AUBEREZER K, X5 B8 Only spraying distilled water, the control; T2: {{MW#jifi 50 mg - L' ABA Only spraying 50 mg - L™' ABA; T3 {UHiifi 20
mmol + L' #5fR%H Only spraying 20 mmol « L™" sodium tungstate; T4 . [F]B M 50 mg - L™ ABA 120 mmol « L™ #3244 Spraying 50 mg - L™
ABA and 20 mmol + L' sodium tungstate at the same time; T5: 0 h 555 i 50 mg * L! ABA, 24 h I HE 20 mmol - L' 453 R 44 Spraying 50

mg - L' ABA at 0 h, and spraying 20 mmol - L
Spraying 20 mmol - L' sodium tungstate at 0 h, and spraying 50 mg -

WU ESRREN I, TR ABA A Bz BH, BEAR T A5 L
S E IV OK iRITE 7 W @ NI RS o A S Dy
SETh R T4 AR AL Y R R O A AR Ak B
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MR F RS T H AR TR, AEAL TR 0 ~24 h,T5
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LA FELH ; 7R AL Ty 48 ~ 72 h, T3 AbFRAL i n P
P 0T et B o T LAl AL A

T2 Ab P 1 AT 375 1 R T e e AR W 3E
FTrb A AR L i T IR AL, SR A T4 Ab B
AHE , AH 5 At Ao P ZH A B ] 9 4 2 11 o £
K, M W] BB AT I BT IR IR AR I AN B — | AR ABA
TEREY T R PR AR H B AVE T (A AS

! sodium tungstate at 24 h; T6: 0 h Bf i 20 mmol - L~ #5/2 44,24 h AW S0 mg -
L' ABA at 24 h.

L' ABA

—RAR 2R AT RETE o AE ABA AR A RS IR N K iRk 4R
R VR AR T L DR 2 1 DA T B 0 %o 9 2 1A S, B
LR R HBTIENE
2.2 {KE&MHTE M ABA F145 85T 20 4 d 0t
RS L EEE R

IR (4 °C) &M —aR A Wit ABA ISR
TG ARG ol e B A (SOD) (it Ak
SV (CAT) i S AL P ( POD ) 106 1 19 sh 25 A8 1R I
%2,
2.2.1 3FSOD EMWeHen  hE2 Al UIEH AR
ZAER T (ARG AR AR K, X BE) A B At B o
#) SOD IE PEAEALFRAY O ~ 48 h B Wi T+, b5 (e AL 38
B 72 h R EREAR, TEALERAY O ~ 72 h, T2 ([t
50 mg - L' ABA) ., T5(0 h BfB§jii 50 mg - L™ ABA,
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REAEMET X IR

R2 KRR (4 C)FEHTHIIE ABA FIEBERIAIE
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L™ RN ) A1 T6 (0 h B It it
L9240, 24 h B WEHE 50 mg - L™ ABA)
AEFRZH Y SOD 1EME A B B E T Eag e, H

TS AbPHA AE WA IR S SOD i P B AR i@ 45 /)N 5 T6
Aob BRZE 7E i 45 R SN 5 SOD % Mk B 2 T (B AE b
P12 h J5 22N 83,24 h B ABA J5 1
PEWZE TR . T3 (UM 20 mmol - L
( [A]IEEHE SO mg + L™ ABA F120 mmol + L~
AEFRAL Y SOD T PETEALEEAY O ~24 h [H] 8 35 T, B

st CAT FH ey hE2 BT UEH K
ZERE I ) CAT 35 MR 7E A B 1Y
0 ~8 h W Tk FEAL PRI 8 ~ 48 h AR EAL /N

SOD 1%
VRN ) FI T4
VTR AN

L ABAELL

PHY 48 ~72 h W EFEAL, FEALFA 0 ~72 h, T2 F1 T4
ALFRAL ) CAT 3G PE B 2 B E TR a3 M
TS AbHEZH () CAT WG HEAEAL A 0 ~ 48 h Bk | i 3%
Fhim, Z G BEAR ; T6 ALBRZL A CAT I3 1 WU 522 0 5l 1) A%
ftas FEAbPRAY 0 ~24 h B ETHE, 7EALFRAY 48 h
B E ARG (BAEAL B 72 h B E TR,

TERLFRIG 0 ~72 h, T3 ALFLHZSA I B rh ) CAT
TEPEER L AR T T2 AL ERAL, VLIS ER AN X CAT

TR AR EE /N T AR ABA
T4 4 FRZH () CAT 35 P 8 3 K T %

TEAL PR 4 ~48 h,
HE 24

4\\/

o TE AL P Ay

0 ~72 h,T6 AbFRLA (Y CAT TH Ik Mk FAs

2.2.3

‘AT,

BERREAL,

FRH R B S LB (SOD) |

xt POD & ey #re HE2 BTUEH K

Xof AR 2H Z5 B4 I F HR ) POD 3 14 A Ab 3 11
0~12 h WBEFE, Z 588 T B i H A AL #E 2H /9
POD 75 P SR EAEAL BRI 0 ~24 h B ETHE, 2

S SE( CAT) Fnid

T F L B (POD) FEMBIST

Table 2 Dynamic change in activities of superoxide dismutase ( SOD), catalase ( CAT) and peroxidase (POD) in leaf of Camellia sinensis
(Linn.) O. Ktze. after spraying ABA and sodium tungstate under low temperature (4 °C) (X+SD)"

Lb3m2) AS[) b B E] I F 9 SOD /U « ¢! SOD activity in leaf at different treatment times
Treatment?) 0h 4h 8 h 12 h 24 h 48 h 72 h
T1 91.44+3.36eB 92.23+3.59¢eE 101.34+8.50cdC 106. 60+4. 64¢D 119.72+4.57bF 132.93+3.50aD 99.28+3. 63dF
T2 99.11+2.26gA 174.04+7. 58fA 185.02+8. 00eA 199.06+7.98dA 217.09+9. 58cA 245.31+10.01bA 270.53+9.91aA
T3 96.29+5.32eA 113.57+4.98dD 124.06+3. 10cB 131.54+2.27hC 137.65+2.90aE 121.86+2. 15¢E 115.56+2.81dE
T4 96.58+4.37eA 122.47+3.12dBC 129.06+2.45¢B 145.54+2.56hB 157.93+4. 84aC 145.51+11.99hC 126.27+2.99¢dD
TS 98.79+3. 69eA 116.55+5.79dCD 129.46+3.49¢B 132.85+3.82¢C 164.19+4.93hB 163.99+4.36bB 174.11+3.58aC
T6 98.31+2.91fA 125.57+9.90eB 130.94+10. 16deB 144.92+16.76c¢dB 148.24+11.15¢D 171.96+10. 86bB 226.57+19.76aB
b F2) ARV AL BB B9 CAT 35 E/U - ¢! CAT activity in leaf at different treatment times
Treatment?) 0h 4h 8h 12h 24 h 48 h 72 h
Tl 75.83+5.91dB 100.00+4.33cB 140. 42+5. 64aA 144.58+7.32aA 146.67+6.41aB 145.00+8. 20aC 126.67+6.29bE
T2 92.92+7.32gA 107.50+7. 50{B 130.00+9. 44eB 148.75+7. 60dA 163.33+5.91cA 174.17+8.87bA 185.83+8.87aB
T3 85.42+6.41eAB 103.75+7.81dB 118.75+6.96¢C 141.67+6.29bAB 142.08+10. 10bB 158.33+8.78aB 152.92+10. 10aD
T4 83.81+3.80fAB 96.36+5.39¢B 117.57+2.32dC 130.74+3.92¢C 133.33+3. 64bcC 138.57+3.84hC 160.77+3. 74aC
TS 81.25+9.44¢eB 103.75+9.44dB 115.83+8.78¢C 135.00+8.20bBC 148.75+10. 00aB 153.33+5.20aB 132.92+5.91bE
T6 92.08+3. 82eA 126.67+8.51dA 140.42+6. 88cA 147.92+7. 11cA 159.17+6. 88bA 119.17+6.29dD 290.42+3.61aA
Lb3p2) AR AR A (9 POD 35 #E/U - g=! POD activity in leaf at different treatment times
Treatment?) 0h 4h 8 h 12 h 24 h 48 h 72 h
I 760.00£34.87dBC  893.33x12.22cA  978.6716.65bB 1 080.00£34.87aB 1 050.67x101.93aB  986.67+74.33bB  845.33240.27cB
T2 778.67+12.22fAB 896.00+65.48e¢A 1 013.33+24.44dB 1 168.00+69.74bA 1 293.33+20.13aA 1 112.00+21.17cA 1 074.67+60.04cA
T3 746.67+28. 10cC 765.33+33.31cC 880.00+21.17bD 936.00+21.17bC 1 069.33+45.49aB 906. 67+16.65bC 773.33+93.75¢C
T4 736.00+21.17dC 837.33+36.95¢B 928.00+34.87bC 1085.33+£96.11aB 1 114.67+72.15aB 1 061.33+110.37aA 792.00+8. 00cdBC
TS 797.33+37.81gA 901.33+16.65¢eA 1 077.33+20. 13cA 1 128.00+21. 17bAB 1 253.33+58.97aA 949.3+45.49dBC 829.33+20. 13fBC
T6 744.00+8. 00eC 872.00+36.66cAB  954.67+12.22hbBC 957.33+28.10bC 1 093.33+90.98aB 997.33+24.44bB 818.67+44.06dBC

Y RTINS PR 22 57 .3 (P=0.05) Different small letters in the same row indicate the significant difference (P=0.05) ; [@%1] s AR[A]
B KRS F R FRZEF B3E (P=0.05) Different capitals in the same column indicate the significant difference (P=0.05).

211,

mmol -«

ABA and 20 mmol -

LTSRN Only spraying 20 mmol -
L7 sodium tungstate at the same time; T5: 0 h HfH{jifi 50 mg -
T6 . 0 h BB 20 mmol -

mg - L' ABA at 0 h, and spraying 20 mmol -

Spraying 20 mmol -

sodium tungstate at 24 h;
L™! sodium tungstate at 0 h, and spraying 50 mg - L' ABA at 24 h.

XMt Z% 18 7K , % B Only spraying distilled water, the control; T2 {M%ifi 50 mg + L' ABA Only spraying 50 mg «+ L™ ABA; T3 {Xm%jifi 20
L~ sodium tungstate; T4 ] A5 155 5 50 mg - L' ABA #120 mmol « L~
L' ABA, 24 h B8t 20 mmol -
L SR80 ,24 h IHEE i 50 mg -

V452 4 Spraying 50 mg + L7
LR 4l Spraying 50

L' ABA



54 44 2, S ARIBAMT ABA FIEIFRENNT ZAT I e oS g IR W B e ST A A B 1 A 5 e 23
TEALFRY) 72 h, T2 AbFELH A POD IS MEA X IRLH 35, IBSA S B2 A1, [ABF ABA 3 i 52 i 40 it Y

WE T BEEIRE] 27, 1% i T3 T4 TS Fl T6 4b#f
U POD T 2 25 55 (H IR T T2 b3 4 Fxf
M, HESBE, LM 0 ~72 h, T2 ZHAH K
POD % B | 2 T T3 Kb ERLE ANt 4, e
WEHEAME ABA SRR EARE AL B = AW i B Y POD
T, IF HBOEANE ABA X POD 3% M 19 5 i K T 45
MM

3 itk fagEi

AL R TN, R (4 C) KT, TEAIR
0 ~72 h,TI (fUBTHEAL A, A IR ) 4b BRAH M it F
FR) T A P i 2 R o i AR I B A B ] A
K& BET RS Ml e s 0 2k R
I g AR A e IR R TE B i K, X i] RE
J AR B8 375 52 1 2B A oA e 7 B Y 7 A K
BB BT BRI P A e AR A KB E
Y i T, DR AN 8 37 P, 35 3 48 457 200 i
IER SRR H Y . AR a2 0F T AR 20 B 9 3 1
S (ROS) Mk 2 2 i T iy, IR i A A B ROS ¥ B
RGERE ST S PR = A AR AR S,
TE— 7 [ 40 B [B] PN, X6 R A5 A4 i b ) SOD
CAT F1 POD 5 £ ¥ T 57 , LA o DR I A 3 it 7= 2
(3t i ROS, ZJ5 3 Fh e P AN ) A5 B2 AR . 36
X — AR A D DR T R 2 B AR el 30 P ] A SEE I
F AN R PRI R G O I , Bt AL ) & it 32
B, BTG VEREAR, ARBUEE X 2 A £l
%[21] Ko = ( Camptotheca acuminata Decne.) ) F 5%
WAAT T 2RISR,

ABA 1 % A W 38 3 & ( stress hormone ) , #} &
ABA 38 o A7 A AR Y B K Tl S R PR AL R
G5 AERF RS E VE L) KB 518 355 55 W) SR -4 22 Fil
IRAR LAER S A B T S | SR LN TR T
B TR & T 2 R AR BRAL
IS, T2 (AUBE il 50 mg - L' ABA ) 4b BHEH A
R BETEAT Y E  R TR Y B T
XA, [FIRS, TS (0 h B MEiE 50 mg - L' ABA,24 h
A 20 mmol « L™ E5FR4HN ) A PEAAEALBE O ~ 24 h
AR5 T2 AR AR, AR IE 25 1F T ] ABA
AbFREE K ( Cucumis sativus Linn.) 1 J5 A 280U BE
G TESNE ABA fEFR MR IR R B 5 3R

pH A, #2585 T AW B IR ABA & &, #2511
AR B RN SRR TR ABA (1
A ARBFSE T B 20 mmol - LTSRN S, 2%
B R e T I | i e R RN AT P B T B
UM TR R OF B TR IR X 0T R P S IR AN
T ABA A Bl B 2% B T FE 1 Y B AIG, 25 7= A2 1Y)
JOL PR SN A A5 A I e v 32 2 R T A R R T i
DA 15 3 200 5 11 T4 ( [R] IR ERE 50 mg + L™ ABA Al
20 mmol - L™ ESFREN ) b BHLLAY B 1% 8 15 1y I o AR
AR F B BAKT T2 A1 T3 AbFEA 5 % FR4H a4 A
VT TS A T6 AbFELZH 24 h B 4 90 6 it 45 R A RN
ABA J5,5 T2 M T3 AbBHEH 24 h 5=k TR EFEZER,
ANIE ABA $ i TR TR P (LI it 4 R Ak 9 761
TR R IR ABA BTE R, [FIES M ABA FTES iR
BT ZRAR 5 325 1 ) TR )

H A, AP ) 07 A1 L Pl 38 L4 A RO ABA &
AR ABA 3427 ABA 0] LI T 90 A AL il
FEPR AN Mn—SOD |33 8 AL Py g 5 PR DA Kt 4 Ak Ui i
PRI FIR Y ARBRFE o FERIR S, X B AL A5
I F 1 SOD  CAT A1 POD 376 P 357 38 5tk LS N7 I 18 36
5 W50 50 mg - L7 AMJR ABA N AE W35 42 & 2 Rt
JH SOD [ CAT F1 POD 3 4 ; i % 20 mmol + L™
FIRER AL SOD {5 PR 5, CAT F1 POD 135 4 1
O FRA BEAR IS AT T, X — IR e S
AP o AR R U8 (AR [ AR G, TEARIRZAE R,
ARG ABA fE3E T4 ABA i&42 1915 5 7% 5 Wi
TS ER 40 BT T ABA {5 5 (0 56 3, 1t 2% W) Il 4k
ABA SRR RG-S 17 5 S IR 3l 8 T A 8 i
I e I A AT E SR (ARl SIE NS

FEERZPIH W AR K FEZ — R THERHiE
PEBLH S BT FE M B MY S T — 5 1k
&, EMRIR BT, A5 I AR R AR R P e R 5L
ZURETCE  HI LA R, AR ANEY)
T R A PR A 5T 5 A2 S T AR SCHI A IE T 4k
U5 ABA FIVE R A 76 AR U 25 8 5 X 25 W B 52 e, LA DA
T 3 AR IO T P B e A T e I
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