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 E:. BE WIUNEKBIR (SA) XE (NaCD e T #4 Pogostemon cablin P R A H AEK 5200,  JF07iL
RO SA IRIGWE. AiE 50 mmol/L NaCl ¥R #h i, SRAAC FIR2F, WA TR LR ESMNE SA A Fx)
AT ERM PR AEH (GE). K% (GR). KL (GD. WHIRH (VD #K (SL). R (RL). )R
i (SFW). 11T liht (SDW). M4t Z & (SPAD i) AIEMEE A (SP) #AIN —# (MDA) 1AM, FHXf & Fabridt
ATAIXN SR 200 M. 85R SBWME BT TR E R TR MG K. 0.10 A1 0.25 mmol/L SA AbEEI T H M 4
A EFRAE, 17 0.50 mmol/L SA AbBREIINET #hFFRE . LRE % IEX TfEhR, 0.25 mmol/L SA AL BRI #h 25 SRl 5 A dm I,
5 %+ EAHEL, GE. GR. GI. VI. SL. RL. SFW. SDW. SPAD {E 1 SP 5t /3 Jjl| B % $2 55 46.02%- 27.45%. 30.16%- 92.63%-
39.80%- 47.94%. 26.48%. 18.85%. 15.94%F1 14.70%, H.I fr MDA & 2 ¥ F1K 18.35%. £5i8 —EIREJE N SA vf
W 2 G2 SR R A R B R RN P AR A BRI E A, S )T A R T A R e DT R ) O ER B & N e T, BL0.25
mmol/L SA R AL, Hid w5 Tk SA ALFEA I SR AT T R T AN 540
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Effects of exogenous salicylic acid on seed germination and seedling growth of
Pogostemon cablin under salt stress

JIANG Xu-wen, LI He-qin
Shandong Provincial Key Laboratory of Dryland Technology, College of Agronomy and Plant Protection, Qingdao Agricultural
University, Qingdao 266109, China

Abstract: Objective To study the effects of exogenous salicylic acid (SA) on the seed germination and seedling growth of
Pogostemon cablin under salt stress and the optimal concentration of SA for alleviating the salt stress. Methods Under salt stress
simulated by 50 mmol/L NaCl solution, P. cablin was used to investigate the effects of exogenous SA on the seed germination and
seedling growth with paper media. The germination energy (GE), germination rate (GR), germination index (GI), vigor index (VI),
seedling length (SL), root length (RL), seedling fresh weight (SFW), seedling dry weight (SDW), and contents of soluble protein
(SP) and chlorophyll in the leaves were determined, and the relative salt-damage rate of these indexes was analyzed. Results The
seed germination and seedling growth of P. cablin were significantly inhibited under 50 mmol/L NaCl stress. Compared with NaCl
stress, the seed germination and seedling growth were improved when SA were 0.10 and 0.25 mmol/L, while reduced when SA was
0.50 mmol/L. GE, GR, GI, VI, SL, RL, SFW, SDW, and contents of SP and chlorophyll were significantly improved by 46.02%,
27.45%, 30.16%, 92.63%, 39.80%, 47.94%, 26.48%, 18.85%, 15.94%, and 14.70% with 0.25 mmol/L SA, as well as MDA content
was significantly reduced by 18.35%. Conclusion SA could improve the ability of the seed germination and seedling growth of P.
cablin to adapt the environment and alleviate the inhibitory effects of salt stress. Among all the treatments, the optimal
concentration of SA is 0.25 mmol/L.
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] %E7¥ Pogostemon cablin (Blanco) Benth. JJ&
TERIZAEERORRIY), Db B N2y, 05 b
P AP OEMR ., R MBIk R
W2 T 2R EOR A 7, Bk — Rl 2 e
MY, SHEMFERERR. REEE. 598, T
ARy WL RSO IR T ER A L
REE o AEREE A b R EI A S AR
BRI F I ARG e A, TR 56 L 7 H R T
PRI . SRR, 4706 RIS A
GBI IPL, R R DR v g Oy Y
CARIE, HOCT IRl A7 R, e
HREFXT /KW (salicylic acid, SA) AbF &
P BT TS A 408 . 177 SA E b —FP g
TP EKRE N TR R, CamRE
WL AT 2 SR A KR R Bk e 254
FSL, A0 R 2 U SRR A — i R B
fit S5 Wz R (1 i R gL,

SN W N I S D W =0/ I BSR4
SA XJ ERIME LA T T RE A P T W R RN By AT
R, JEIEIEREA MR T . SRk £h e
DI IE SA WRBE, DU B 28 B i AP s
R TR R R Az = 48 U T A AR B
1 KLy

(32w p S MRS VL N7 e Y [N EWN
SHHE IR ) TR SO AT LA e

2 7 Pogostemon cablin (Blanco) Benth. 5%
BRI MR SCk i AR TR Rl 0.52 ¢,
KN 9.60%. SA H AR ARG 4k T A PR 2
A AR
2 AE
2.1 Rt

UL AR L NS e BT R AT
0.5% NaClO ¥4 7 10 min Ji5, JCE/KIGVE 3 i,
SR JE WK ARIR MR IVEIK, 5 . AR 2615
IR gy g BT 5 S PR S, R 50 mmol/L
NaCl AUl SR, P RV Wk W IR ) 3
AN BERRBE ) SA ¥ (T1~T3), HIRICH K
X CK1 FlEb 6 CK2, 3t 5 AN (3R 1.
22 REFRE

KRR K ZE, TERF T 2 |2 R TR,
TN IR A Y AL B A8 RIS, 2SRRI, Kl
THEFEING, &L, BTN TS+
BT 2E, 30 °C, 8houl, HpbH3ANEL, &

F1 TREALEBHEE

Table 1 Treatments by different combinations

AbFE NaCl ¥R /(mmol- L")  SA ¥/&/(mmol-L™")

CK1 0 0
CK2 50 0
T1 50 0.10
T2 50 0.25
T3 50 0.50

A 100 it 1. pehh, REAEBS R 8 MEEH T
2 AR BAR AR I AE o
2.3 FFEARIEIRINE

B HMEI G K73, T3 4 Rk R
Zf34 (germination energy, GE), % 7 K1l A%
% ( germination rate, GR), Jf %5 Kk % 8
(germination index, GI) Flii§ JF5%L (vigor index,
VD, K 7dJEIH R M HI.

GE=4d PR T4/ Fh 74

GR=7d AR FFpTH/ A Fh 74

GI=Y(G,/D,)

VI=GIXRL
G, 5 t RINEZFRTEL DoAY G R ZEREL RL HRK:
24 hEEKERNE

TEH RS 14 K, WA HEE R BEHLIZ 10 $54)
T, MEMK (seedling length, SL). fRK (root
length, RL). ¥ #f 5= (seedling fresh weight, SFW)
FIH T )i fE (seedling dry weight, SDW, %% 105 C
Ht2h, J580 CHE6H).

2.5 HIEHEIBIERNE

TEHR S 14 K, MEHHim v, KA A AL e
SPAD-502 T £ 2400 -4 35 5 (SPAD fH) i
AT E s K pE R AR ) TR ST B ) i 1 R
Pt il CE S HTIE G-250 5 M 4hint H
TR TEER A (SP) . RABIACE 2 @ikt
M4t N 8 (MDA) .

2.6 HAMEEZR (RSR)

S ok PR BE VA & AR AR RSR HEAT
5. 5 A K RSR=(CK1—T)/CK1, H:H CKI
LT A S Fabr e, T AL CK2. T1.
T2 F1 T3 A3 & Fabrfl .

2.7 HUREALIE

KH] Microsoft Excel 2003 {1 SPSS 17.0

(Statistical Package for Social Sciences) #1173 M1k
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P B AT A BN 2 e B ARG (LSD V).
3 ER59H
3.1 SA X NaCl BT EBMFIE ARSI
EhIPE B E PR T E A1 GE. GR. GI
VI (P<0.05). 5 CKI1 M, CK2 Ab3f ()
GE. GR. GI M VI 7} K T 33.08%- 22.26%-
24.47%F1 52.49%. FRWMESAE T IMA— @ W B
SA W[ HIRARE T EARF W K. T1 A T2 AbBE
GE. GR. GI Ml VI B2 5T CK2, JLrf T2 &b
GE. GR. GI M VI #&mfEEH K, 2hltem T
46.02%- 27.45%- 30.16%F1 92.63%. 1M T3 AbHEER
VI B =T CK2 4b, GE. GR M GI 1k T CK2,
BERIALE . AFEREFE SA 4bF 2 ], TI
A T2 AbBE S TFE bR B T T35 T1 A T2 b3
], T2 A &IENS & T T1, B GE ZRAL

Fh, HRTRbREREE GR 2.
3.2 SA X NaCl BT EFSHE KT
hria W AL T RN SLy RL.
SFW F1 SDW (P<0.05). 1 CK1 #tk, CK2 4t
H4H ) SL. RL. SFW 1 SDW 43 I B#fK T
31.94%. 37.01%- 24.57%F127.81%. £ SA kb
Ja, B T1A4¥ER) SDW 4, T1 F1 T2 AL FEfY SL.
RL. SFW il SDW # & 3 & 1 CK2, It T2 &b
B4 DifRbrEB RN, W CK2 alfes T
39.80%- 47.94%. 26.48%F1 18.85%. T1 Al T2
A E R RL $8bs 22 57 W 4h, HRTabn 22 73
ANEFE, W T3 AP CK2 ABEAHEL, SL AT RL
2 TidgbrE T CK2 Ab¥E, SL R ANE 3, RL %
23, {2 SFW F1 SDW2 Tifghr ¥ K T CK2 4b
M, ERARE (K3

%*2 AERE SA XM EEMTFH GE. GR. GL# VI #5200
Table 2 Effects of SA at different concentration on GE, GR, GI, and VI of P. cablin seeds

yogil GE/% GR/% Gl VI

CK1 65.75+1.26a 82.00+1.63 a 3143+0.19a 96.90+5.71 a
CK2 44.00+2.58 ¢ 63.75+2.22 ¢ 23.7410.60 ¢ 46.04+0.49 ¢
Tl 61.50+2.38 b 77.504£2.38 b 29.461+0.77b 69.514+3.04 ¢
T2 64.2512.50 ab 81.25+1.71a 30.90+0.46 a 88.6912.68 b
T3 43.25+2.22¢ 61.50+2.38 ¢ 23.1140.56 ¢ 51.334+2.89d

P RFIAFFRELIR 0.05 KFERESE, TH

Data in same column followed by different letters indicate significant differences at 0.05 level; same as below

R3 AREIRE SA X EF4HEBISL. RL. SFW F1 SDW AW

Table 3 Effects of SA at different concentration on SL, RL, SFW, and SDW of P. cablin seedling

b SL/cm RL/cm SFW/(mg-#k ) SDW/(mg-#k ")

CK1 1.444+0.09 a 3.08+0.21 a 16.8+0.5a 1.6+0.1a

CK2 0.98+0.17b 1.944+0.08 d 127+1.0b 1.2£0.1cd

T1 1.25+0.04 a 2.60+0.09 b 15.8+0.7a 1.4£0.1 be

T2 1.37+0.05a 2.87+0.10 a 16.0+0.7 a 1.5£0.1b

T3 1.05+0.12b 2.22+0.18 ¢ 12.0+0.7b 1.1£0.1d
3.3 SA X NaCl BmB T T EEEEBIEFRAIZ N = (F D

3.3.1 #yEint SPAD {H  hbhE B R T
4 H) SPAD f (P<<0.05). %4 SA &bH 5,
T1 F1 T2 AL BE ¥ SPAD {H Lk CK2 AbBE4» il T
11.59%H1 15.94%, HZER#EE. 5 CK1 MHL,
T1 A1 T2 Kb PR¥) SPAD {H IS A FFARMHEZF AL E .
T1 f1 T2 AhBEA)ZERALE . AN, T3 AT
SPAD fH Lt CK2 &¥ N T 5.31%, (HZERAL

332 4R SP & MNA R ERR T ER
T ) SP B (P<<0.05). 5 CK2 kAL,
T1 F1 T2 AbBRE) SP IR ¥ BT, HAarmldem T
9.04%A11 14.70%, 1H T1 1 T2 P &b 34 7] 25 S AN W
HAh, T2 5 CK1 ERAEE. H T3 45
CK2 AbFEAHLL, 4hEGHF SP & N T 7.08%, {H
ERARE (K 2).
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CK1 CK2 T1 T2 T3

AbER

FFIARRE T RELOR 0.05 K FEREH, TR
Data in same column followed by different letters indicate significant
differences at 0.05 level, same as below

1 REKRE SA X[ EE4E SPAD ERIF/ T
Fig. 1
chlorophyll content of P. cablin seedling

Effects of SA at different concentration on
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Fig. 2 Effects of SA at different concentration on soluble

protein content of P. cablin seedling

333 4 MDA &  EhhE R ER e T E
4 A MDA & (P<<0.05). 5 CK2 4bFiAHLL,
2 SA ACFLJE, T1 A0 T2 4FEfY MDA &84 5 B 3%
BT 14.05%A1 18.35%, T3 AbFf) MDA & £
T 4.63%, HESAEFE. T1 A T2 4] 2 5 A
W&, 2 T1. T2 A1 T3 4 MDA EBH 5T
CK1 (& 3),

MDA &
i

[\

] a
4 a
] b b
1 ¢
0l I ) . : I ) i
CK1 CK2 Tl T2 T3

A3

3 FEIKRE SA M EF/HEM R MDA SR
Fig. 3 Effects of SA at different concentration on MDA

content of P. cablin seedling

3.4 SA X NaCl frE T EEMFRHRANGEE
K& HABIEHR RSR AIRZ 00
ANFERCF T REF MR KR
Hi¥EAr RSR {47 W1 F : GE. GR. GI. SFW. SDW.
SPAD {EL 1 SP & 7 Ti¥E#HK RSR AEA/NBUF) K T3>
CK2>T1>T2>CKl; Ifj VI. SL. RL #1 MDA #&
4 Tiif5FK RSR A/NBFE) ) CK2>T3>T1>T2>
CK1 (K4 15, XUt SR axy | 2 & Fh-1 11w
Ko~ g AR R E H A BARE A T ORR R,
KIHIE HIRE IANR SA ATAT G2 A e 45 1
W LR A AR B 11 TiiFEFR RSR {HIA/NaT I, 3
AR SE SA AR REAS K VILSL.RL 1 MDA
B FRE, (HM GE. GR. GI. SFW. SDW.,
SPAD {E Al SP & 7 Bifabs K, T1 M T2 b PERENS
AKX 7 DRARERHAR AL, A T3 FEAMY
B AT BEAR BT IR 73X 7 WARARI S EREE . bhAg
T1 F1 T2 AbFE &I FEHR RSR A A WL, T2 AbFEA /)N
T T1 4P, HhE: SEW. SDW fll MDA £ 3 Jiifk
PrZE AN WA, HARTabs 22 w3 B3 (R 4 F1 5).,
BN, WIS BB I AMIE SA BEA ARG R Eh i
X HE A M1 W RN ) e A AT AR AN R S,

F4 TEIRE SA M EEMFH%LIEHT RSR AFM

Table 4 Effects of SA at different concentration on RSR of P. cablin seed germination

A HR RSR/%
GE GR GI VI
CK1 0+0¢ 0+0d 0+0d 0+0e
CK2 33.11+2.79 a 2227+142b 2446+1.52b 52.39+235a
Tl 6.48+2.60 b 5.50+1.59 ¢ 6.294+191¢ 28.22+1.75¢
T2 231+201¢ 0.91+0.61d 1.68+0.97 d 8.34+3.45d
T3 3424+235a 25.01%+1.77a 26.49+1.34a 47.024+0.72b
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R5 FEIRE SA M EBFYEERKREEEIERR RSR #7200
Table S Effects of SA at different concentration on RSR of P. cablin seedling growth and its physiological indexes

RSR/%

Ab P

SL RL SFW SDW SPAD 1 SP & MDA &
CK1 0+0c 0+0e¢ 0+0b 0+0c 0+0d 0+0e¢ 0+0a
CK2 32.06*7.84a 3699+2.32a 24.65+3.50a 28.19+4.57a 15.61+0.79b 14.59+220b 41.324+4.77¢
T1 12.65+2.79b  15.63+3.51¢ 546+626b 16.08+2.39b 5.68+2.71¢ 6.83+0.87¢c 21.46+4.08b
T2 454+2.53¢ 6.77+3.26d 4.64+1.48b 14.27+1.09b 2.16+1.22d 2.01£0.10d 1532+1.99b
T3 26.83+3.84a 27.92+147b 2848+254a 31.07£5.64a 20.14+1.52a 20.63+0.52a 34.80+4.93¢

FrANE SA MR EE I i AE AR AR _EAMUAS RE L B 2%
il R F SR SO I T AR, LA A
fEbr RSR, ASZIGHIGEE ) SA AFEWEE N 0.25
mmol/L.
4 g

Tl RN By i A A AR A A S 3T v A2 A
TEBIAOT PR A T 3 A AR IR T AR KR B
(1= SRR B S ULE Y ) SIS Rata o TR= (N i 2 P Y 1R
B BORARPUE P, IR BT R AR R,
S R e BAUR R, sSA A {E Sk
HIIRe, ERYIRBUE DRI AR A Dy e SR 2
R R AR R R 1 IS, A b
PErm B BT a R, HA e ST
30 R T R B A A K R

TR 2 AR ORI I, AR X
T RAMEIER, T SA BEMSIR SR A 15 25
JUpE T, BT RN SA WKREER %, Wl 1.00~
4.00 mmol/L [¥] SA et $2 & #h /P 41 1 B UM+
ORI HCE . R E, HEGKRER 2
mmol/L"; 0.10~1.00 mmol/L f¥] SA kb B GEAT 222
fife 6 Jop 306 MR AR B W R A FIMER, B 0.50
mmol/L SA 4bEE R % 4R Ak 2 H a5 KU 0.25 F1
0.50 mmol/L SA fgug4e & L ia N /KFEFh 1 1wy
K, 10 1.00. 2.50 F15.00 mmol/L I ZEIE L 5 44
P &S 0.25~1.00 g/L SA BEGS LB ER WM iE %t
SO R IR IEIER, H SA WREEHR 0.50 g/L
i GE. GR Fl GI £ X, 1M 1.50~2.50 g/L SA I
T R R A S gk R ) AR 0 B PRI
TV REFMFH GE. GR. GI f1 VI, ] 747
B %, 0.10 A1 0.25 mmol/L [KJ4MJ5 SA AbERIA A
XA R ZEFERR, HAE 0.25 mmol/L SA AbBE N4
W, XU SA SRR T R ma X A R
RrEAERARGEm, $em T Hbtshte . i 0.50

mmol/L SA ZbFE R, IXEER LEFRFRA T MR, Ui
SA 0T ERMpE AT A B T . AT R
Lar NWEFCIG 45 AL, (HREAE, Shihis R L
Bl KX SA HIM N AN« SA FE Bk R X Fh-1
WY AR (A, n] e 5 L2 m T Rl i A
B E T, BRI T M1 AR Ak, S 3R
1 %52 BAT 50, MM TR AT . thukml 4,
SA X ERIME IR G2 Al BN SR () AR R4 SA &b
B UL S A Rty 5P,

ERIE N, YA RN BIERSE O, AT
WK R FEE 25 Rk, PR AR ms a2 1R,
SEOT SR A TR 0 e AR AR R R 4
AL RN, AR A A K2 BN
XPG T, MYIRNSTE R LB IE T R %L
ENAMNFRIAEE . SP R EEBE W, H
AR YIS E AR PO /E . T SA 1N
fH50 T, BEMSIE R R R0, AHIFye g
RRW], fEEba )R F Y RS A
MDA & 2 T+, SPAD {EAl SP Jit & &I &,
) SL. RL. SFW F1 SDW Ui/, X4 B £ iy
R ER A R 25, BIE TR
FEAR, mHagR = IR T-5 0, 0T 2 A K
0.10 F1 0.25 mmol/L [ SA AbFE ] 4% &) R &4
[f) SP Jfite, MGaRILBBERTRES ), Mk TaRER
MIE G BRAR T A M ek S A AR B, Rt T 4l
A, GRfi T R a2 F 4 W id e -

BT B, @EF IRk S A &I
A PRFRFR RSR LUEE TS, & FIRJE MM SA AL B
1 E R ESRR NaCl Wriaxt ) &/ Fh 785 &
LW A K P A R RS, X S AEARAERT,
P8 PSR R g SR AR e
0.25 mmol/L SA AL} Eh B e S R b, {HEH
HOSA WRFEMREE N,  Rfi4s I el E
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