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Abstract: This study investigated the effects of exogenous abscisic acid (ABA), calcium chloride (CaCl,), and salicylic
acid (SA) on the growth and physiological characterisics of Camellia oleifera seedlings subjected to NaCl stress, aiming
to provide theoretical basis for enhancing the resistance of tea oil plants. One-year-old C. oleifera seedlings were util-
ized, and the impact of varying concentrations of ABA, CaCl,, and SA on growth parameters and related physiological
indicators was assessed under NaCl stress. Under sole NaCl stress conditiongs, significant increase was observed in
height growth, total dry weight, root-to-shoot ratio, soluble protein content, soluble sugar levels, membrane permeability,
MDA, H,0, content, as well as SOD and POD activities in C. oleifera seedlings. Furthermore, external application of
different substances under NaCl stress enhanced height growth, total dry weight, soluble protein content, soluble sugar
levels while reducing root-to-shoot ratio along with membrane permeability and MDA content in the seedlings. Com-
prehensive evaluation using membership function analysis indicated that treatment with 40 mmol/L CaCl, was most
effective in mitigating NaCl-induced damage to C. oleifera seedlings; this was followed by treatments with 200 umol/L
SA and 100 pmol/L SA.
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2% (Camellia vietnamensis ) A 1L 4SRRI
J& (Camellia L.) #&/hMrA, ERERI FE
LGRS bR IR A A
RAAE R A B A B e DR (A0
AR, BRMM =SS R HER T
FEATAEY 2 P Wi Eh m R R E
AT M2, FE 2K, AR
Syt FROMRFNE TR SRR A . TR B R TR AR
TR, WREEKY 1800 km, PIAFE
MBI, B S AR, 1 e K S
e LR . [FIEF, NS RAL . Tolkis gL+
HEGEIE o BT R G B IR Ak, BHASAE
YIEE AR, EEWASKE, PREY, 3
Jofp3E T IR ISR 4 A A R 0 AT 4R s p s
Gty E KR BEDY, BivERR (ABA) REVEYY
B A& . A AR K SO EE AR W i aE Y T AZ M
S5 PG AR DT YR F 2 R e,
T ABA 75 5 3500 AR S Y T AR aa )
ABA FHREMR, M WE EE A K R A
KARZST, ABA Al LRI S AL , D25 R
/DM EARER A i, DA B SR A ) A 1 R
B RE TS ABA REE S AW 1B B M ik
Ca™", HEEHYIXT Na B 32 1P,

KR (salicyic aicd, SA ) YE N RIRIIGES
T, iR E R Y e R UL T
PEC RRARAE P R s E Y A
U PR T AR R R T B . AN SA
A $ A B AL M ( SOD |, POD |, CAT 4% ),
FE{% MDA &, RBIGmAYa, #msesit
EAE U REARHE /N A A A K R SR AR R I
UV S R Y, BT s e R
Ca’ MMM AN N2 (s, WHRIR . T5 . &
GBI T G S A A AR S E R
i Ca™ P 3 1 45 3355 2R G0 e Ak R AN S R e
HEMR E AR, W A Ca® I AR A
Wy re g EAR PP RS R, ANIR Ca™
REZZ M ER 38 XPAE ) A= KA B0 B3R, AT B
NKZM Na™ CUIH Ca™ . KM, Sflies
Tl e E Y Ca’ BN B TE AR O, 2%
iR e 5 B A 105 ) AN [RIR BE CaCl, T 22 Mtk
Jolp3E T /N A R A dERe N A2 A R
BB, SR/ BT FIZh G G R R

HE, &0 s 85 A4 B A AL I F oY R 2 4
e MR, mIRPY . FRPS g, JF R

[0 XA TR R D, A AN NOPY | 25
ZNEGE. KR, REZMEREZP Nacl B
NI AS L M A AR AR ST, T AN [ v
ABA | SA il CaCl, X} lie T i 25 A= # A8 4k Jr i
PIWFFE A DLARIE , PR AR5 LA T A% 15 4 v R
FEXTSE, FFRE NaCl i8N AR ABA . SA FlI
CaCly XHM A G A KA IR AR K520, Sl 2%
PrER AR P AL BN AR T AR S8 o

1 #MHR5FZE
1.1 ##

TR0 7 Hh BT A B B R T 0F 5 T i

Pl W EAT, AR SRR OV R A R e 2 S
INERITF 15, BRI —3, @RRL, M
1 40 em A2 AT I — AR AR T AR A AR 4 i .
1.2 FHi&
1.2.1 3K%&%+ B 200 mmol/L NaCl B IZ 1%
B 1/3 4b, 3 d HH—IK NaCl i DA 4R
NaCl ZAbFRR &, R AER 1 9. 00 Xyl A4l
WEiti 40 mL AR JE A ABA . CaCl, ., SA A R( %
1), WAAEE 10 4, 3WRELR ., SR KAR
M4 AR 1 (CK, ), Rl NaCl 2R3 R XT #R 2
(CKy)o, #bHE 7 d 5, BUOMAMNELS 4. 5 F kit
FIAH TR FR I A2

x1 FAENEBHAEHERE
Gradient settings for different treatment
combinations

Tab. 1

AbFH Treatment AbFELH 4 Treatment combination

CK, H,O
CK, 200 mmol/L NaCl
A, 50 pmol/L ABA+200 mmol/L NaCl
A, 100 pmol/L ABA+200 mmol/L NaCl
As 200 pmol/L ABA+200 mmol/L NaCl
C, 10 mmol/L CaCl,+200 mmol/L NaCl
C, 20 mmol/L CaCl,+200 mmol/L NaCl
C; 40 mmol/L CaCl,+200 mmol/L NaCl
S 50 umol/L SA+200 mmol/L NaCl
S, 100 pmol/L SA+200 mmol/L NaCl
Ss3 200 pmol/L SA+200 mmol/L NaCl

122 dg4FmlE (1) ERIBIRBIE . WAL
7 A T B TR 2 SRR A S Rk, Wit AR
Y AL BEEG AT NaCl a7 d 5 43 50000 o Bk 4 i
PRk, LNk RN SIS
W 2 /K 40 Je AR EE AN fef o e, F 110 “CHt
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AT 15min, VL 80 CHEFZE{H T 20+ &
AR B B A kT B, R R
2R R A LU R L

(2) AEHFEFRIIE . nTEMEE A& e
K% DR G-250 35, ATV PR R R
FH A EE 350 H,0, 7 B R FH B BREA LY,
MDA 8 R A E 2 ik, i
B R R S KA IR 0, BRI P 5 R
FHH 557, SOD #1 POD {1 1 I B 5t i
FIEHEATIE ; WOEME M H ARG H: UV-2600 45k
S EEETHINE
1.3 HiELE

RIE B Excel 2010 #{FvEf7 e 5 %%
B, FHlE R F SPSS 25 #4725 S o 2 AT
RIS JE PR BUE XTI SR AT 25 A TR, 2 )
T NaCl Brae T 4t AS [543 1l 2% 40 i A ik e
ST HE . R, TEEEA SR, sk
Wi & . MDA Far. AN & SOD. POD i
PEEESEAR AL SR R R

AT bR T SRR S ARG, WA AN
X=(Xii=Xmin)/ (Xmax—Xmin) 3 73 M7 855 5 T #h 4 5 17
FA, AR+ X=1=(Xi~Xmin)/ Kimax—Xomin) o
Kb Xy RoR 5 1 ABFRE j T bRnRE R BUE ;
Kinax F Kinin 7371 & 7% I 22 1L Hp 199 5 A AR /N
o At HAse bR E RBUE, HitE A e
PRFIME, (EBR, THEh v, 52,

2 HEREHMH
2.1 4ME ABA. CaCl,. SA X} NaCl BB T
T EERKIERA R

F 2 2 A0, PR NaCl B~ , 4h bk ey
K&, @ TFREmEsB®E L7, 5 CcK,
L, 4350380 66.92% . 36.07% . 66.67%. FME
ABA . CaCl,, SA X} NaCl W36t Ty A5 2y i Ak g 438
K ekt E . R AR R . ABA
WHETR, MR ERE ABA MRS IN S T
PO H P AP R E KRS CK MR A
W, HE CK W& 80%, A, bHLIE CK,
BN 38.46%, {HIL CK, W& WD 17.05%,
A bFRE CKyMHELZ AR E AL CK, B &8
1 33.18%; MR R CaCly MR N L+
@, C b CK Mk ER AR E, HIE CK,
LEIEIN 74.62%, Co AR CK, . CK, W3

49N 106.92% . 23.96%, C3 AbBE43 31t CK, . CK, .
Ci. Cy. A ERINN 156.15% . 53.46% . 46.70% .
23.79% . 42.71%; PR EhE SA W2
EIHEH, HS), S5 CK, ZRARE, HY
b CK, RN 70% . 80.77%, SsAbFH K 14
KEEFERK, 28 CK. CK,. S, W&
170%. 61.75% . 49.36%, {05 C; (b HE R A3,

SR TR ABA HE R 2T
Ja TR, A L CK, B TR 11.50%,
Ar. AIEHRE CK, ZR AR ZE; MifE CaCl, b 3H
T, @ TEREZEETEE EFHER, C. C o
W CK, B T I 13.65%. 23.39%, T Cs M1
CK, &M 16.37%, SA BT, &b THEE
TE Sy PR, A3l CKay Sy S w314 n
15.59%. 29.76%. 11.80%.

AR E ABA. CaCl,, SA ZHRE LS
CKo MY B2 NI, Hob C 4b# Y CK, 27 A
BE, As. SI R CKL Ui/ 8.4%. 9%, A,
Ca. Sov S3 FRRIRERCK, 5 CKo ML, 2510
29.8%. 27.2%. 31.2%. 29.8%.

% 2 4ME ABA. CaCl,, SA X} NaCl e T
i E 4 B A KIS
Tab. 2 Effects of exogenous ABA, CaCl, and SA on
growth indicators of C. oleifera seedlings under NaCl stress

ety PR & X/ RN M5 Lt

Treatment Plant height Whole-plant dry Root s‘hoot
growth rate/cm weight/g ratio

CK, 1.30£0.25° 3.77+£0.69° 0.300+0.11"
CK, 2.17£0.54° 5.13£0.46" 0.500+0.19*
A 2.3440.29° 4.54+0.50¢ 0.35140.09°
A, 1.80+0.42¢ 5.48+0.73° 0.397+0.18°
A; 1.45+0.37° 5.09+0.42°¢ 0.458+0.05"
C, 2.27+0.3° 4.43+0.28¢ 0.482+0.09%
G, 2.69+0.49° 3.93+0.31° 0.364+0.08%
Cs 3.33+0.67° 5.97+0.82° 0.398+0.13¢
S 2.2140.45° 4.57+0.45¢ 0.455+0.12°
S, 2.35+0.28° 5.93+0.39° 0.344+0.06°
S; 3.51+0.34° 5.23+0.40™ 0.351%0.05°

s FSVEEE S AR NG FhE R R AL PR 25 R B 2 (P<0.05) .
Note: Different lowercase letters after the same column of data
indicate significant difference (P<0.05).

2.2 4MNE ABA. CaCl,, SA Xt NaCl i T i
YL BRI

NaCl Bt F4MNE ABA . CaCl,. SA X454
W 7 MNMEFIEPRAE AL 3 N, Bl NaCl
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e, R TR E A R T
. BEEEE . WES R, MERSE . H0,
T CK WA B ERE; ABA LT, 4]
WIEE A SR ABA WIS TR,
A5 CKy Z7FAKR, Ayl A il CK, g 351
i 15.25%. 25.42%, {HEL CK, W& TR C
AP EEPE R A R H CK, W N 14.81%,
Sy AbBRI T MR A& & b CKy 3 1
24.69%, ULPHEHRIE SA ¥, ABA. CaCl,
REIR R AW I R A & B ABA.
CaCly. SA AbHKEEMIE I, "M S B R
BT FRERAS, Ay, Cy AbER G ATV AR R 3
I CK, HaGHm 12.30%. 8.08%, i Az &P CK,
ERRR 12.96%, C3 AbFY CK, Z5 A B 3,
ANFVREE SA AbFRLE CK, 34 1 2 A, 430k 2
18.24% . 21.99%. 28.69%. Uil E ABA.
CaCl, AT H& S5 25 41 i vl s o 5 12

ANFEWE ABA KPR FEENE S CK, 257
AE, M CaCLAAHT, 5 CK ML, C. G

Ab T I 8.85% ., 18.22%., SAALFETR, S,.
S3 Kb Y I PE H CK, 4090 B 10 10.37% .
14.76% ., VEHEWE CaCl, &3] FEAR I 25 40
RS, M SA AbBRIHE S AR A
Jo RS

AR E ABA . CaCl,., SA AbFRAY4 T MDA
Bl AP IR v B I B8 A R R, A
C 5 CKy, 2R AR, Ay, C3. S; ikt CK,
I/ 24.04% . 10.85%. 26.65%, AN[FEIHE SA 4b
PRI RE W5 PRI MDA & &2, 182> NaCl XFili 2k 4l
B A

ABA . CaCl,, SA ZbFEXF NaCl frE T iH 254
T H,0p 5= AR RS2, Ay Ay AREL) HyO,
TEY CK, Z5 AR, (A A, B EE TR
35.51%, MMi#RAKEE CaCl, ZbFH ) i 22 5L 2 4
H,0, F i, Cy. Co 40 Al B HE T 55.44% .38.99%,
CiAbH Y CKy Z 5 A3 Sy Sy Ab PR i 35 FRAIL,
Pl CKo U7 27.81% ., 45.03%, 1 S; AbFH5
CKo ZRARE,

% 3 4ME ABA. CaCl,. SA 3f NaCl i8 Tih &4 8 £ EIEFR M F 0
Tab. 3  Effects of exogenous ABA, CaCl, and SA on physiological indicators of C. oleifera seedlings under NaCl stress

fb 3 AR A AR AR B MDA 5+ H,0, & &
Treatment Soluble protein content Soluble sugar content Membrane permeability/% MDA content H,0; content

/(mg-g™) /(mmol-g™") P e /(umol-g™") /(umol-g™")

CK, 0.59+0.025" 25.14+1.29% 25.28+1.018 6.55+0.44° 22.34+2.908
CK, 0.81+0.021° 27.47+1.50% 36.93+2.04% 7.28+0.33% 183.49+17.51°
A, 0.61+0.031° 30.85+1.67° 35.0241.95% 7.994+0.52° 168.04+10.70¢
A, 0.68+0.035¢ 29.01+0.85™ 34.42+1.73% 6.79+0.30" 162.14+£16.00%
A; 0.74+0.040° 23.91+1.52¢ 35.82+1.10% 5.53+0.48% 118.34+£17.02¢"
C 0.76+0.073% 29.69+1.35% 33.66+1.30° 7.79+0.57° 285.22+14.01°
C, 0.91+0.045° 28.90+1.63™ 36.97+2.34% 7.51+0.89° 255.04+15.28°
Cs 0.93+0.040° 26.70+1.78 30.20+1.55" 6.49+0.25¢ 169.29+22.01¢
Sy 0.73+0.059¢ 22.46+2.49' 38.86+1.25% 6.18+0.29% 164.34+20.54°
S, 0.93+0.025° 21.43+3.07¢" 40.76+2.30" 5.57+0.27% 132.47+15.89%
Ss 1.01£0.030° 19.59+0.59" 42.38+1.65° 5.34+0.67° 100.86+£14.65°

T FSER S A R/NG SRR A B 22 52 235 (P<0.05) o

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05).

2.3 4ME ABA. CaCl,. SA X} NaCl BB i
Z4h# SOD. POD &M

NaCl i1 F AN ABA . CaCl,. SA XFili454)
1 SOD iGPERSEm AN 1 fizs . Bk NaCl fika
T, MZE4h T SOD iE MR CKy A B &M, B
3.19 1%, BARWE ABA BT, Ay, A, SOD
PR ERE 9 CK, B 20.30%.17.92%,
M A; S CKy, 2R AR E; C. G S CK,

ZRAREE, C AP SOD iHMEH iR, b
CK, 3 21.46%, A[FVEEE SA 4b3 5 CK, 57
IR, S Sy FRA L CKL 3 5.11% .4.37%,
S; AbFEH CK, Ji/b 3.45%, Ui E ABA
FIIE ¥ B CaCl, et Sl 25 4l i SOD 1 .
Bl NaCl e~ il 254 i POD 1 M4 CK,
BRERE, M 3.9 65 hmE 2 R, AN
[FVEEE ABA 2L A 41 POD 1P CK,
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Different lowercase letters indicate significant difference among
treatments (P<0.05).

B 1 4ME ABA, CaCl,, SA Xt NaCl B TimZE4h &
SOD & MK R M
Fig. 1 Effects of exogenous ABA, CaCl, and SA on SOD
activity of C. oleifera seedlings under NaCl stress
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Different lowercase letters indicate significant difference among
treatments (P<0.05).

B 2 4ME ABA. CaCl,, SA Xt NaCl BB TihE 4 &
POD & K S
Fig. 2 Effects of exogenous ABA, CaCl, and SA on POD
activity of C. oleifera seedlings under NaCl stress

BTG, Hop A BB HE CK, i3 /0 20.97%,
Ar. A BHRE CKy ZRAEE; AFRWEE CaCly
AEFRIM AR Y POD TR PE#R CK, 2 B E 271, Horp
C) /¥y POD MM IR A&, b CK, H#m
60.61%, C,. C3 LI HIIEGHN 11.51% ., 12.16%;
Si. S; 4bFEAY POD hEMEWE TR, b CK, il
24.93%.32.28%, fij S; ZLFHfK POD 7540 He CK,
AN 20.45%. UL CaCl, FIfE K SA AbBH
AT SR 4 POD 16k
2.4 5ME ABA. CaCl,. SA %f NaCl B T &
FERREIHE RS

H 2% 4 AT, NaCl JBa T A 4 i bk 5 nl
BYEEA SR . POD M2 W E IE Ak
(P<0.01), S5atkTE ., FENM 2 8% IEM
K (P<0.05); &tk TFiaS S, SOD i
PR BFEIEME (P<0.01); HIEHS H0, &
i, POD EPEEM W E FEAHE (P<0.01); Al
PR G SRS E MDA S REREN
K (P<0.05), HFEE#EN . POD M2
FIEME (P<0.01); RIFETENE &2 5 REEN 2
W E AR (P<0.05), 5 MDA & . SOD i
R IEASE (P<0.01); MDA &5 H,0, % &
B EASE (P<0.01), 5 SOD i&PEE 2
IEAG (P<0.05); A& ES SOD Wtk
POD (MM w2 IEAH G (P<0.01); SOD i
5 POD {12 3 IEAH G (P<0.05 ),

& 4 NaCl B8 TOMEY AL I im 2 40 8 £ KA A RIS AR B B A X S 4
Tab. 4 Correlation analysis between growth and physiological indexes of C. oleifera seedlings treated with
exogenous substances under NaCl stress

AR AT

o B ABTER OREER  fam o h’fﬂﬁf ™ MDA f H.0, & SODiEHE POD itk
Plant height Whole plant Root shoot Soluble Soluble embrane -y rmya H,0,con- SOD ac- POD ac-
Index . . : permeabil- . ..
growth rate  dry weight ratio protein sugar it content tent tivity tivity
content content Y
=1 1.000 0.383" —-0.109 0.796"  —0.147 0.409" -0.090 0.272 0.247 0.560™
SR 1.000 0.088 0.269 0.009 0.545™ 0.072 0.319 0.509" 0.120
R 1.000 0.003 0.203 0.174 0.137 0.527" 0.129 0.498"
EHEEA S 1.000 -0.395" 0.545™  -0.399"  0.211 0.100 0.501"
AL M 1.000  -0.371" 0.848"  0.551  0.391° 0.282
J R 1.000 -0.340 0.215 0.311 0.300
MDA i 1.000 0.571" 0.416" 0.243
H,0, 1.000 0.533" 0.736"
SOD jf 1 1.000 0.352"
POD itk 1.000

. CRARBEMIE (P<0.05) , TERPEEMHL (P<0.01) ,

Note: " indicates significant correlation (P<0.05), ~* indicates extremely significant correlation (P<0.01).
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2.5 J5ME ABA. CaCl,, SA 438 Tk % 4h st
BN ESIEM

Wi NaCl Bhia R4 tke . 2T
Fiik ARG, ATAMEE S R AR A
B . MDA # . SOD i1 . POD i 145
10 T0HE 0 AH 56 Az KR A BEFE BR AR Ak e B A 3 s
PRI S A HEE (3 5), R s SR )
JoT Ak 3 e B R T AS S R, R TR A IR
e B AL B ) BT ER M HE T O C3 > S5> S, >
Ary>Cy>A;>A;>C;>CK,>CK, > S, BiHIsk
Jifi 40 mmol/L CaCl, 5 BEWE /> NaCl Jifrie Xyl 4%

WP 3, HKE 200 pmol/L SA | 100 umol/L
SA 4b B,

3 e

B A — A Rk B Y R W 38 2 3 A R A A
K, RICHRE D . A ARG
AB8391 R, B 200 mmol/L NaCl it
A kA KR ST RE . Rkl
AR A AT A A AT . MDA &
. W0, SR EAE, SESEZIRSS
F—, LIS A B — s BT R

&5 NaCl BB TN R EMAF L EERKMERIBRNREBERHF
Tab. 5 Membership values and ranking of growth and physiological indexes of C. oleifera seedlings treated
with exogenous substances under NaCl stress

R J& R BUH Membership function value

Ak 3 L R e dovi = W R IR e A MDA . soD pop i A/N

Treat- P iy Root i & Membrane o H0, 7 1t WP T thal Prece-

ment }Feliagr;:t ?Nhole shoot Soluble Soluble perme- MDA clo—lrig;t SOD POD Points  dence

p an‘t dry ratio protein sugar ability content activity activity
weight content content

CK; 0.000 0.618 1.000 0.000 0.493 1.000 0.543 1.000 0.000 0.000  4.036 10
CK, 0.394 0.000 0.000 0.524 0.700 0.319 0.268 0.387 0.587 0.557  4.354 9
A, 0.471 0.350 0.745 0.048 1.000 0.430 0.000 0.446 0.978 0.403  4.871 6
A, 0.226 0.777 0.515 0.214 0.837 0.465 0.928 0.468 0.932 0.505  5.392 4
As 0.068 0.600 0.210 0.357 0.384 0.384 0.453 0.635 0.712 0.460  4.738 7
C, 0.439 0.300 0.190 0.405 0.897 0.510 0.075 0.000 0.616 1.000  4.432 8
C, 0.629 0.073 0.680 0.762 0.827 0.316 0.181 0.115 1.000 0.641 5.224 5
C; 0.919 1.000 0.510 0.810 0.631 0.712 0.566 0.441 0.721 0.646  6.956 1
S 0.412 0.364 0.225 0.333 0.256 0.206 0.683 0.581 0.686 0.374  3.946 11
S, 0.475 0.982 0.780 0.810 0.163 0.095 0.913 0.460 0.671 0.321 5.844 3
S5 1.000 0.664 0.745 1.000 0.000 0.000 1.000 0.701 0.521 0.706  6.337 2

GIRCES ¥ AR RIIREES c 3V IR (Sl ke iy
T, B A SR AR 0 X K G AR R A
Ho bR A BRI E Y, AR, e
() CaCl, Fll SA b B4 I E 2 M 4l i v R R 1 &
i, B E ) ABA 1 CaCl, 4bFH R 2 HE = 4l i
AR O R, X5 SRR R SR I K T A < v
FELE IR — 2, R HERE S 0 B R A R Y R b
YIS B R A OB BRI ER, BRI
MB B, WUE £ K> 4R an i i R, 2%
ffphE, FEm AR R R AR

1 BER RN Na (i 40 5 A e PR am PR Ak
R E PG IN, RRB B AT L,
ABA L3 &) 1 RS S AN K, R R )
CaCl, ‘i R4l i BB, M= R EE SA N

AT B S A RS, B AR AN [R5 X Y A
) RiEDDYL8viE ey ata W N i b= A1 B =W ] /NS B P S e
HE— 25 SR IR . 1 A A 200 B R 2o SR A 1Y
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