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Influence of Salicylic Acid and Methyl Jasmonate on Leaf
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Abstract; We investigated the effects of salicylic acid (SA) and methyl jasmonate (MeJA) fo-
liar applications on photosynthesis and accumulation of non-structure sugar of Salvia miltiorrhi-
za Bunge seedlings. Results showed that SA treatment was favorable in developing leaf micro-
structure and increased leaf stomata density. Intercellular space in the mesophyll tissue, size of
mesophyll cell,and number of chloroplast per mesophyll cell were also reduced, but the size of
chloroplast and number of granum in the chloroplast were markedly increased. Corresponding-
ly,contents of chlorophyll a and b in the leaves, net photosynthetic rate of the leaves,and con-
tents of sucrose and soluble sugar in shoots of the SA-treated seedling were together signifi-
cantly increased following decreased activity of acid invertase in both shoots and roots. The
MeJA application to the seedlings resulted in contrary effects in decreasing density of leaf sto-
mata,incurring a number of abnormal stomata, decreasing layer of palisade cell and increasing
intercellular space in mesophyll tissue, while number and size of chloroplast was notably

Wk B3 2012-03-07 &8 H 3. 2012-04-19,
HLIH . EHFBCPHSETRIGUH (2007BAD79B06 ) ; H ERB2ABE AP H (KZCX2-XB2-05-01) ,
YEF RS ERW (1969 —) , % LA A, OFFETr 1 g AU A2 AR (E-mail : wehli226@163. com)

* JEIRAEE (Author for correspondence. E-mail ; liangzs@ms. iswc. ac. cn)



502 RN

5530 %

reduced and granum in the chloroplast was destroyed. The MeJA treatment also decreased
contents of chlorophyll a and carotenoid in leaves but significantly increased activity of acid in-
vertase in both shoots and roots of the seedlings;as a consequence leaf net photosynthetic
rate,contents of sucrose and total amount of soluble sugar in roots of the seedlings were de-
creased. In conclusion,the SA application to S. miltiorrhiza seedling accelerated sucrose ac-
cumulation by promoting the development of leaf microstructure to accelerate photosynthesis
and inhibiting sucrose hydrolysis, while MeJA application to the seedlings decreased sucrose
accumulation by damaging leaf microstructure to impair photosynthesis and accelerating su-

crose hydrolysis.

Key words; Salvia miltiorrhiza Bunge seedlings; Salicylic acid; Methyl jasmonate; Microstruc-

ture; Sucrose accumulation
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F 2010 42 4 J FAUBRFEA 17 cm 8 12 cm 1K)
A, IS RES (B 484 =5:2, W) fERES
FETT . GGEEAAE AR BT AT, BOERMAT
RS RT 27 B, LT 20 45, RTEKF
Hongland ‘&3¢ # .
1.2 {IeseE

RGP A RIS R, A B A BIRUR B %
{E XA 4 B 5 A 0 B8R 1Y) SA. MeJA SCIR Ab B ¥k
B BP SA A FE¥ BERH 2 mmol/L (pH 7.0, &%
0.01% 13t —20) , MeJA AbPik EE 4 0. 2 mmol/L
(pH7.0,% 0.01% -3 —20) , X g ( Control ) &
21K (pH 7.0,4 0.01% i —20) , DAfgAbBi
TR T PS4 0 ()5 30 d,10 ~11 i
W), 52 dIBgiE 1 K, BBV R L 50 mL/ 4,
MBS 5 4%, AL B 15 4, HSRAb BT 2
J e 7 YR, 455 1B 1 G SRR . ARHAE
AR AT, W 25°C/22°C (/) 5 LI
11 h/13 h( &8/%) , s 40000 Ix,
1.3 HERHNEMENE

Xf HiLSA Fil MeJA Ab3i4 ¥El 5 #R& (4
AP BRI 1 AR , R AR B PR AE AL BRI
()T S PR fR RN S8 2 S T IR B 2 i, A T
FBRAERE R AR 3 mm x 4 mm K/hiE g,
PA2% OsO, [lxe, M6 B2 DL AK I 40 #1L T 55 4 4
JIR(Epon 812) v, 43 5 41431 #4] /i (600 nm) Fi
WY (50 nm), Jif F i U v Bl R Leica-
ULTRACUTHY (51 ) . MY ] < B AU Al Al
FrERABT Y05 , #E L F B T WA R (JEM-1230
B, HA) T g A, SAcBBELSE T 100 4~
M-SR BRI RGN, T3P 3918, D) v
i 3L 1% (azur-ll-methylene blue) Je 4 )5, 7624
P4E ( Diaplan %Y, Leitz , 285 ) T Wig¢ , 51 HiAH

WA S PR BE B B BEK L 1 2 Jr YR T L, T S 1
R LR T 1% 54, 4E JSM-6360LV I ( H A% ) F1 4
HLBE g, T AL OO M. TR
B
1.4 BERSERXSEHFPUE

MR aE ab RISHE P RS B RA
DI EE B, 28 Ah-FT WL 43 D606 B T (UV-2802H 2,

UNIC, ) Heotagkinas

ARG, RS S L E T 3.4
Jroe 2 g gt e, Fl LCpro + A8 9 0t A & 4 (L.
MAN-LCpro +, ADC BioScientific Ltd., & ) #il &
MR O B R B EoR AR, Wi
HeA e RGFEHIBREE N T, 23X CO, YREE 400 +
5 umol/mol , Y& FiAT &k 542 & 500 umol-m ~2
s 7SS R (30 £0.5)°C, HEAMALBIHEER 6
Rt 12 i, F 14 9:00 ~10: 00 #4700 , %
SRWAE 5 d, BURE R W 45 R HME AT 07 2403
#ro
1.5 FEEEEAEXETEEEHESENE

BT (B RS E RR RRE ) FIAR (R
SRR TR RIRR ) b i R M b P R e A
REE TG M T R B S W (A5 B L 1) N e
If] ) $ AR R AT VU S8 B el o R DO
W xR 3,5- il KA IR Lo ds, PPl DL &
TR BRI SR SRR R - O L (%
1.6 W REESHT

AR FBEOL BT, W R B A T4
SRUASE BRI e 25 SRR I 2R , R v U R
Fi DPS B g3 B i iR X3 H K% ( Duncan-test )
Xf SCE B AT T A, S5 R DU £ hi i 22
R,

2 ZWHER

2.1 SAfiMedA EMNHAEXEGEBESERM
BN

HMEF SA 2 G, 5 X AT L, & i oo e ¢
(K 1. AB),H-Homg® ab FEEE T
(p<0.05) (& 1) ;1 F 18 6B H R 3 m 21 % it
%) 203. 8% ( p<<0. 01 ) ; - FL 3 B FI 7 5 o 8 34
5, 43 20 LR 280. 0% F1 328. 9% ( p<0.01)
SR, MeJA A4y i i i 2 4t , w4 1 B 2D ok
B 1 B) ;bR a A S P RS RK
T (p=<0.01) (K1) ;MR IEEA BRI,
DA HRIK 42. 5% (p<0. 01) , LR EERIZE B B
4y ) 3 K B % I 200.0% f1 217.1% (p<
0.01),



A,B: ghli Bt fr; C,D,E: 41 I SA 4 FL  MeJA Jb3H- i N4 ; F, G XS IR ; H, 1. SA Zb3iy R 40l ;
J,K: MeJA sbstiyni-pagnfs; L. X3 6 M,N: SA Lbsuyn]4i; O. MeJA JbSfd -5k,

A,B: Seedlings and leaves; C,D,E; Mesophyll tissue in treatments of the control, the SA and the MeJA; F,G: Mesophyll cells in
the control; H,I; Mesophyll cells in the SA treatment; J,K: Mesophyll cells in the MeJA treatment; L; Chloroplast in the control;
M, N; Chloroplast in the SA treatment; O Chloroplast in the MeJA treatment.

1 SA K MeJA REX -S4 EM F RGHNRM
Fig. 1 Effects of the SA and MeJA treatments on leaf microstructure of the Salvia miltiorrhiza seedlings

F1 SAFIMelA REXNFSHAXERNBASERIENEM
Table 1 Photosynthesis capacity and pigment contents of leaves of the S. miltiorrhiza seedlings treated by SA or MeJA

ghm MEkE a 4% b Ky I\i ST HALTE AR
Treatments Chlorophyll a Chlorophyll b Carotenoid Photosynthetic rate Stomatal conductance Transpiration rate
(mg/gDW) (mg/gDW) (mg/gDW) (pmol:m~—2.5"") (mol-m~2.s"")  (mmol:m-2.s57")
% i Control 5.8+ 0.414bA 1.5 +£0.192bAB 1.5 £ 0.177aA  3.46 £ 0.45cC 0.05 £ 0.01cC 0.76 £ 0.03cC
FH R EE MeJA 4.3+0.389cB 1.3+0.107bB 1.1+ 0.08bB 1.47 £ 0.22dD 0.10 £ 0.01bAB 1.65 +£0.16bB
7KH%1R SA 6.9+0.47aA 1.9x0.206aA 1.9x0.105aA 7.05 +0.78bB 0.14 £ 0.02aA 2.50 £ 0. 26aA

W IR R /NG R R A B 22 A B KT (p<0. O1) FIBEKT-(p<0.05) , £ 2,383 [,
Notes: Values in same column followed by different lowercase letters and capital letters which respectively indicated the significant
differences at p<0. 05 level and at p<0. 01 level. Same in Table 2 and Table 3.
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2.2 SA 1 MeJA 4323t F BRI HIERE
FF&uk R SALOURBAE BB Al b, xR
FHE, SA b3 T R ALEE, K4 R B
R, fL B BE AW B B 180.7 Av/mm? 14 i 3]
231. 5 A/mm? (W HULE 2. AB.G; SA 4bBH I J&
2: C.D.H), SA 435, W N 41475 =
(159. 2 pm) BRI T XF HE (174. 0 um) 5 i Py 4t f
TR/ , R 44 ) BT 5 B 2 5 M PR 4 A St
BHWRA , AR TR K, n ARG Bl B A K
4351 X K 8. 03 um,, 2. 06 um 3413 10. 6 ym
A12.99 pym (4 HEILE 1. C.F.G;SA AbBH LA 1.
DH.D) o XF -2 N I 3R 245 5820, 30088
ANTHMT, Wi SA ALK -k R N Ik i 2 B

WL, HAB BTG (4 LI 1. L; SA Ab3E I
B 1: MIN), BZ,SA A3 i WIkEE W A
FIFREDEARIM TR E .

SRT, 56 BEAH L, MeJA Zb3 5, W B S fL 3%
BE AT IR 180. 7 AN/mm? Wk 2> 3] 145.4 A/
mm?, HR#HM AL R BRI O IR 2. ALB.
G;MeJA AbBHILIE 2. ELF 1) s A 28 41 i oy %) 1
K2 2k 12, P g B Ok, R 4140
IR EE X A 174, 0 pm 3208 139, 3 pm; |
2 it PN S IR , S AR B s FL BT
SENEARNTR LT 2 R BRI , bl | 2 454
LT ATHR (I ILE 1. CF.G.L;MeJA 4b 3
JLE 1. ELJK.O), AT MeJA SEPEREIR T 1 F i

A,B: Xt fEEH-F4ITE; C,D: SAZRIKH SR E,F: MeJA bRI M54, G. ¥ AMH-SFL; H: SA LRI HSTL;
MeJA Lb3 I H-SFLo
A,B. Leaf abaxial surface in the control; C,D. Leaf abaxial surface in the SA treatment; E,F . Leaf abaxial surface in the MeJA
treatment; G Stomata in the control; H: Stomata in the SA treatment; |; Stomata in the MeJA treatment.

2 SA K MeJA I3t &M R SFLKRM
Fig.2 Effects of SA and MeJA on features of leaf stomata of the S. miltiorrhiza seedlings
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&, fEEL I RO BT T R T
2.3 SA fn MeJA 4323t 735 rh i EE R AL BB AN
EAREmEENRE

PSP FIXE HFR R PR A M A i
MR TR (W& 2) AR b P S A TG
RAE ;. SA AEBG , R FIRR 2R i Rk B AL
Pror 5 e X I 57. 6% (p=<0.01).79.6% (p
<0. 01) , i iy v S AL TR -t IR 1R 0 TR Y
77.0% (p=s0. 01) s MR i JHOBH 5 I [of A 5 1 . 1%
&(p=<0.01), HARGXF A LL, o OB O L
B VR AR, FHE AR KB G 28 /N T I v e A g
T PRI EARARL, SO v IR e AL T P A A S 52
FEBEBUR B 2N 7, T v 0B BT 1 3
ALK R FE BN BRI UL, SA AbBEA
1 REH IR A S R

AR, MeJA LLHILS , 2 R AR IR P4
A3 0 L X ¥ i 18. 8% (p<0.01),37. 6%
(p=<0.071) , M- RO 5 )OI 15 )BT P LU X S 2

4% 58. 0% (p <0.01) , T I, MeJA Ab BT T
REBH A ARG M (R 2)
2.4 SAf1MelA REXNASHEHELHES
kAl

X SA K MeJA AEBHIK &l s34 bk
B A G 8 R T RE M R, A 2 RER Y 738,
2.10, 2. 67 £ ; Wik v REBH & o 3R b
LA R ORI 6. 65, 6.59., 5. 75 £5(£ 3) .
T, G AR B IR RN BT, 1 R R A
B B BURAER

5ixf AT L, SA Fil MeJA AbBHE3A i) i 3 B34
Sy R R SRR 5 R I (p<0. 01) , {HI% b i g
FEARK . SA LI T REREAEH LB B
BIXHE 3. 63 5 (p=<0.01) , Wl FF Mo B R AH
NESEMB T K 1. 36 £ (p<0.01) s v m] s ¢
B SR ARER S Bt A R, (HR 34 8] p<0.05
BEKRFE, BRI, MeJA LEFH S 4 1 H b okl &2
KTyt SRS T (p<0.01) . EF MeJA

F2 SAF MeJA LRI /3S4) & RN ch L BEE 1 (mg glucose-g 'FW-h ")
RS RS LAY (mg sucrose-g T FW-h ") B & (Mg hexose-g ™' FW-h ") B B4
Table 2 Effects of SA and MeJA treatments on activities of acid and neutral invertase (mg glucose-g 'FW:h™")
and synthesis activity (mg sucrose-g '"FW-h ")  hydrolysis activity (mg hexose-g '"FW-h™")
of sucrose synthase of S. miltiorrhiza seedlings

A A Pas
(hydrolysis) ( synthesis)
%} i Control 54.33 £ 3.14bB 10.71 £ 0.40aA 1.90 £ 0.23a 4.38 +0.01aA
M- Leaves KR SA 31.24 £ 0.14cC 8.25 + 0.05bB 1.86 +0.24a 2.18 + 0.51bB
BT I MeJA 64.55 + 0.99aA 10.74 + 0.05 2.14 £ 0.10a 1.84 + 0.02bB
¢ il Control 15.26 + 0.36bB 0 9.77 + 1.00aA 5.07 £1.13a
#i Roots  7KIZER SA 12.15 £ 0.09cC 0 7.99 + 0.62bB 4.29 +0.61a
AR H g MeJA 21.00 + 0.40aA 0 9.43+ 0.41aA 5.12+0.01
£ 3 SA 0 MeJA LIEX 84 ikt AR FIEEHESENKT
Table 3 Effects of SA and MeJA treatments on contents of non-structure sugars in roots
and shoots of the S. miltiorrhiza seedlings
A% B iR
Tisgﬂsiis TreZJt:mﬂ:ents Soﬁﬁﬁsﬁiar Redlﬁfggiugar Slj%cr’?se S??a?cfh
(g/kg) (g7kg) (9/kg) (g9/kg)
¢ il Control 6.6 + 0.20bB 5.9+ 0.05¢cC 0.8 + 0.23bB 33.6 + 0.51bA
i |- %4> Shoots KGR SA 9.0+ 0.14aA 6.1 + 0.09bB 2.9+ 0.13aA 34.2 + 0.73abA
EHBR I E MeJA 8.8 + 0.43aA 6.4 £ 0.05aA 2.4+ 0.41aA 35.5+0.91aA
¢ il Control 43.6 + 0.72aA 5.7 + 0.05¢cC 37.9 + 0.76aA 33.1 + 0.74bA
# Roots K% SA 44.1 + 0.54aA 5.8 + 0.09bB 38.2 + 0.52aA 36.2 +2. 54abA
TR FEE MeJA 41.3 + 0.46bB 6.1 + 0.05baA 35.1+0.41bB 37.8 + 2.41aA
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AEBSE , Gy b b N BRI T b Y
A T REE Y MeJA 85 T4l il T
JEA R 2% R AR T IR T A R DA v i
i, B0 AR E P BUR T R B R
FHRHE I . MeJA AbBRd 41 i34 FIAR v ety
TRPEWNM(p=<0.05), HBZ,SA R MelA 4b3
B TFS4 hR R B, SA AL 3R, REREBL
BATR IR E,H MeJA SRS , MR 247 %
MBS (£ 3) .

REES

IR BTSSR0, SA AbPEAE B M T4 &
F(Pb,Cd %) K UV-B #E 45 M T - K 5=
IR R, SRR A IR Y B A BRI CO, [l HE,
Bam Rubisco (ribulose-1,5-bisphosphate carbox-
ylase/oxygenase) I #1:1%° 21, 1 Jin il 4k 7= 4y 1 B
RUUKHE, W M 7131, 38 m 2R S8 &, 3
LS IR . TR & BUME T SA T R A R S
H AR ST 4l 2 Tl B SR SBHI IR I 1 , 4
SR T F BRSSO AR
HHAR, RALE L ] CO, MR MGE WG A1
SRR A B SRR H R 0, A
Al B g ), AP & B, SA A B N T
PS4 T Al AL BE, B - P 4 ek 50 B
2 RS AR PR 8 i A N s SR 454
BH. AR EE R R, T SA T
M E R ab SR, B TSRS R
LA poR SRR B, Wi, SA B#
AR T PS40 P R R P M AR T T 4 5 45 SR A
ST RERH B WG I, R OB R s A 1Y
il

BORVREEIR JA TR A A K AR R A 52
Z71, Hung ZBF5E R B MeJA 4b 3 i 5 6% T
HEGM: F B, e A A K124 Bo-
gatek ZEHtTE MeJA 14 I Yy s AL IS o 40 il ¢
PR (240 ) W P OBl 2B IR G B ) 120 o AT
RER WA, MeJA LEBEAL T FHS 4 RIS
FLE R, AL R T W 5 W R AU B, AA
20 M 200, W PR 4 ] B O, A 4 A -
PRBE WD , M-SR RAR /N, WA N HRE 4616 )L

PIER R g R a RIREHY PR SRR
W R A R B 2 K. 1, MeJA b33
T ARG, S5 RS S 40 1 v R BB A K
A MR RS RN, Z2F AP H MeA 4t
BEEEIN T PSR SAL R B R I R
FREJE T MeJA J5 AEY AN 2 45 (BL) 177 4
AT S5 4 R e L4 i T IR B K B
P, XA Rt — BB AT S

IREBE BRI ™ Wy 5 v BRIy ) BB Y
BB R P B AR AR 0 B R T R T
( phenylalanine ammonia-lyase, PAL) ({35 1 B
PRI A SZ IR AT i S BRI 7 I
PRHERAR K fe B 4 4 -6 -8 [0 S0 ( glucose-6-
phosphate dehydrogenase, G6PDH) % |9 i) & iA
Rk, TR) e W 7 4 V-6 -BR R A A A Bl A5 i
AR BR AR A 4140 PAL 15 1, S8 2505 I B AL
REE AR RO 35 W I BN A0
FIBUR, #71, Wang 251%) 3¢ 5 £ 41 G 42 ( Taxus
chinensis) #IJfd55 7210 R v B I RERH B .5 1 I 22
BEe ek, W, AR 559 B, SA Al MeJA
T AL PR 2 B R A AR R g
P PR IS ISR 2 0y B I A v DR R ) e
PRIk, 11 PALMST - 4 -D-A i -5 - B 2 34 J5 57
PR sk LR AR Lk — B A U
£ 2, ARPFFEE S B R SA I MeJA T 5
WPFS 4l T PG A RERE R B AR, R A
SA Fl MedA A4S 5 A 9 v K AR W A IR
A0 DKl Rl i DR W R 3k B T M 3 T i A
V6B e F BORH AR5 i Y A g 0 5 2 R
o ZT SA R MeJA 15 T MY RN GA B
WY R A R R K FOLEE A
BE— LB,

B3
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