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Signal chemical salicylic acid mitigates the negative effects of drought on

photosynthesis and membrance lipid peroxidation of purple majesty

YI Xiaolin' , YANG Bingxian®,ZONG Xuefeng”, LI Mingyang'* "

1 College of Horticulture and Landscape Architecture ,Southwest University , Chongqing 400716, China

2 College of Agronomy and Biotechnology ,Southwest University/ The Key Laboratory of Biotechnology and Crop Quality Improvement of Agricultural Ministry of
China, Chongqing 400716, China

Abstract: Purple majesty ( Pennisetum glaucum) named as pearl millet belongs to Poaceae, Pennisetum. Purple majesty as
an important cereal crops was once grown as livestock feed in the world, but now is widely been grown as ornamental plant.
Up to day, most studies are concentrated in evaluating and screening cultivars, but the research related biological
characteristics is less. In the present study, purple majesty was used to study the effect of signal chemical salicylic acid on
photosynthetic characteristics, chlorophyll fluorescence parameters and membrance lipid peroxidation under drought stress.
Purple majesty seedlings with four to five leaves were treated with signal chemical salicylic acid and drought stress.
Photosynthetic and chlorophyll fluorescence parameters were determined by LI- 6400, membrance lipid peroxidation
parameters were determined by chemical method and chloroplast membrane structure were observed by electron microscope.
The results showed that; (1) Drought stress could destroy the chloroplast membrane structure, decrease the number of
chloroplast grana, obscure the grana stacking and loose the array of grana lamella, while salicylic acid could protect
chloroplast membrane structure; (2) Drought stress reduced the contents of chlorophyll b and total chlorophyll while

salicylic acid increased the contents of chlorophyll a, chlorophyll b, total chlorophyll and carotene under drought stress;
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(3) Drought stress reduced the net photosynthesis rate ( Pn) , transpiration rate ( 7r) and stomatal conductance ( Gs) , the
light saturation point ( LSP) and dark respiration rate, and increased the light compensation point ( LCP), the CO,
saturation point ( CSP), the CO, compensation point ( CCP) and light respiration rate significantly, while salicylic acid
increased the net photosynthesis rate ( Pn) , transpiration rate ( 7r) , the light saturation point (LSP) and dark respiration
rate, and reduced the light compensation point ( LCP), the CO, saturation point ( CSP), the CO, compensation point
(CCP) and light respiration rate significantly; (4) Drought stress reduced the photochemical efficiency of PSII (F /F )
and actual photochemical efficiency of PST (@, ), and increased the relative conductivity of leaves and the content of
malondialdehyde ( MDA ), while salicylic acid increased the photochemical efficiency of PSII ( F /F, ) and actual
photochemical efficiency of PS I ( @,y; ), and reduced the relative conductivity of leaves and the content of
malondialdehyde ( MDA). All the results showed that Signal chemical salicylic acid mitigates the negative effects of drought
on photosynthesis and membrance lipid peroxidation of purple. The present study provides a reference for seedling
preparation and field plantation of pearl millet under drought condition and for the screening of drought-tolerant and water-

saving cultivars.

Key Words: Purple Majesty; drought stress; salicylic acid; photosynthetic; membrane lipid peroxidation

IS T BB AR N KRR R B KA — RGBS B A BAE AR bR i AR AL B i E R
— SRR LS R IR S R SRR L KR (salicylic acid, SA) VR 28 N & B AR I =4, 2 — Fib
TEAAETHYERNNE S . CEUEV KBRS 5 TR EYPURE Pk b PR DT GEZ A
PriA R W RAE SRS KB, K R IR b nT B SR K A3 0 R TR G R O A R s
HAGES AR T, KRR T i R S A R X B S A APk S T R AP

LA (Pennisetum glaucum’ Purple Majesty’ ) , X454 “BERSE”  RAR REF MY . W H T & ¥kl
Fivt, R R E PGSR IAEY S, BT BRI SR, R s R b S SRS L A R
o AERIE K B A B ERAE S5 O KOOSR, 1E A 45 b T el s A r s 4 ) 720 387 1A L PN ki Ak v
F10 F B L A ), (BRI IR /0 | B RORIF 9 22 48 rp 2 DEA 0 e A A 2 e g > PR Tl b
FERUAE R A S P I X AR A AR IR, TCIe R W R B 2 Ve A AU R ARG 5 R
575 e TR AR R ) A, R 2B B AR M O X T 45 1 R e R iR AR R, 5 — D T, B Sk T K B U
() H 25 Bk, 15 /K A el bRt 32 5Kk TR AU R0 . AR SCLLS A R, BIFSE T /KRt + 5 e T S
gt RO R i E AR R, — 5 T, O SRR AR PR A WIS g2 T R AR
PR IR S — T, SRS K R Bl A Bl O VR e SR R S R
1 Mel5H%
1.1 Gtk b3 7 vk

YIRS EMAM TG A EEZ X FAR ., EBURTHY — SR R E YRR BRI
FEH W, EIBOH ZE B0 2 EE R E N B A 2 5 L, AR B LA % (96 5 &E U2 7k ( Sphagnum peat
moss ) A EZFRE, SEIR 12 h, SEREGREE 3000 Ix, AR 30°C/22°C 544 F 5% 2 Ut —.0  #E177K A Ak
AT i b B

IKIGEE(SA) AbHE  SA SR Arall, 2818 K% i )5, pH B 1 mol/L NaOH % 6. 8, Bt A% 100 mmol/L
W, PR 0. Smmol/ L, ZEFEAT T 52 a A FERT 24 h, FHEE 77K (H,0) #1 0.5 mmol/L £ SA 43 Bl it
M, DLARMAT A BRAG S i M X IR (CK)

TR E AR SR 25% R C I (PEG 6000 ) BEHEL I, BT 5B A AL B 7d J5 HURE I 5645 A
JE R o AL AR O AE S FR A
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1.2 JLHEEaREEERNIE

A0 S R GRG0, ) Wetsttein ARG Z 208 N ZR & &,
1.3 OUAEFRER

RO R RHREAL P B K AR XS — S BRR 4% 5 Pk, 56 L1-6400 BUS56AE F I (GEA T 22 , 9 .00
FRURINE 0 e b i — &t = AN 6 em®, L BRI,

HEAHRME AR 500 wmol-m s ™R M AR (Pr) RALSEE (Gs) A S Ak ik
(Ci) FZEIE AR (Tr)  BAREZME 3 W, UL E , R B 30°C, CO, S 400 wmol/mol ,

A -tm R gz M 0—1000 pmol - m > s~ R E 9 AN SEIERE (0,25 .50 100,200,400 ,600 ,800
1000 pmol-m s~ "), CO, ¥ FETH E A 400 wmol/mol , I

HeE-CO, M LR ME  WE 8 4> CO, e (25 50,100,200 400,600 800 ,1000 wmol/mol ) , Y%
fHAE N 500 wmol -m s~ o FHIFIAEE 7 1 5 BB AU G 157 1 20 CO, M 7 263 H 33 S A2 s, et Fn
FUFT CO, M2 R CO, TN AT

MR RTOEB I F SR E e RTOEE 2B S H0 e S B K L %Y 53k . LI-6400 Y6 A1k
FHDUE {SCRZE S 28 6400-40 (3£, Li-Cor 24 &) W2 g HE G | B0 b4 R BEAILIE BRUAE A AR X — B0 Bk 4% 5
PR, D (SO S EAE VIR 2 (F,) , PS T I SOLRE AR (F /F ), J6 T PR R (D ) o
ML R AR F /F, = (F, —-F)/F, ;@ =(F, -F)/F,',
1.4 JEiga AL brm e

HLfif B2 I ] DDS-11A B AR E 5 78 8 (MDA ) & = R A I T Z iRk
1.5  WERRHLBERE S P A 5

B VIR 1 mm FEA S5 2. 5% 1 BEWIRE 2 4h, FH 0.1 mol/LPBS %% 2 YK, BK 10 min, 1% KR
JEERE 2 hy, PR 0.1 mol/LPBS ¥k 3 ¥k, 4:YK 30 min, PIERESEE K , SREM NG 618 ALHE, Y] 20,
AR WL R DDA A T e R e FEA 22 KR TECNATIO HL 7 S AR LS SR R R 1R 25 4
2 RS54
2.1 KAIHERN TR T R A AR A ISR AR (et A A 5 T

LR R R I A 5 I X HR P SRR it v IR SRR TR SR 2 BRI R  FR 2B S R
&, HHF S % (K 1a) . TRWHaRG , SRR SR B0 I B /b | 5ok RS AR IH 5 B3GR H 2 HES He
AR Le) , BB 5 it (5 SR R A B2 A BIBEIR . 117 0.5 mmol/L () SA AbBRER AR Lt A, 76+
A ST AR AR S R A X e R R R R (] b)) IR AR SA BB IR AP I R A I
45,

F—'

E1 EEEHEMREBMEHR( x17500)
Fig.1 Chloroplast ultra — structure of the Purple Majesty ( x 17500)
a: CK; b:SA WbH; o TR Haa Ak B
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x1 EHBAMHEEXEBERRE
Table 1 The content of photosynthetic pigments in leaves of Purple Majesty

ok H4%2% a Chl a 442 b Chl b JIH-43: 2% Total Chl % hE Car
Material /(mg/g fETH) /(mg/g BETE) /(mg/g BETE) /(mg/g fEH)
XF I8 CK 1.019 +0.002A 0.329 +0.04A 1.348 £0.08 B 0.190 +0.03B
T8 4L BE Drought stress treatment 1.009 £0.031A 0.258 +0.02B 1.267 £0.08C 0.190 £0.02B
SA AbFH SA treatment 1.114 £0.091A 0.273 +0.00C 1.387 £0.17 A 0.227 =0.02A

AR KREFREFIR2ZFAE P =0.01 VAR 2

2.3 KT R A TR I RO A S EIN R

22 PTLE TR T SR R ot A iR AL S B FZE 1 o R B I % IR 43031 Eeoxt R
1£29.8% ,13.7% M 11.5% , Hrpifola & R AAL T 22 5 i 3, i i IR IE] CO, Ve B D A fmb = i 1 X
MR, KA IR AL FRARAN S IS I B 1o AR SAL SRS R,

F2 EUBHEHRNAESH
Table 2 Photosynthetic characters of Purple Majesty leaves

ok LA R AL R Jiafal co, e
Material Pn/(pmolCO, +m~%s71) Gs/(molH,0-m2s')  Tr/(mol H,O0+m %s71) Ci/ ( pmolCO,/mol )
Xt CK 12.1 £0.09A 0.0585 +0.002B 1.597 +0.043B 50.33£1.12 C
T8 AL Drought stress treatment 8.50 =0.54B 0.0505 +0.0001C 1.413 £0.037B 111.00 +1.24 B
SA 4L SA treatment 11.7 £0.26A 0.0817 +0. 0004 A 2.157 £0. 152A 131.02 £1.54 A

Pn: net photosynthesis rate; Gs: stomatal conductance; Tr: transpiration rate; Ci; CO,concentration of intercellular space; RRIKRE FHERRER

TE P =0.01 /KVak 2y 3%

2.4 JKBRATRIS FERAITOAR s
WA SR T o &
FRIAT , WAL IR M ms S5 20f SALLHE
SHOLE 2 M3, B2 TR, K COMRIENER, 32t ke
TE—SE B O G (o) B G (PFD) B3I S £ 1O
WS T, %0 TP T T R A SA B B3 5
9. eIk E] 400pmol - m ™ s ™', AT B4R HO T é _zlf/ 50 100 200 400 800 1000

G RS T R W R

PIESH(F 3) G5 RW, T b B 5 S A4
HM R D ERME S JE 11,62 umol »m s ™", I = X IR
4 11.02 wmol »m s ™' I SA ZbH[#) 9.23 wmol-m *s ™',
TTHEDG A A R 735,75 wmol »m s ™" LB T X BRAY
898.95 pmol-m s~ HI SA ZbHEJF 11 822. 02 wmol -m s~ [FlAEHE, TS A0S LA ARSI H
1,045 pumolCO,m s ™" AL TRHIRL 1. 088 umolCO, m s ™ Fl SA ALFHFHY 1. 314wmolCOym s ™', 23 Y

JGHABE B PAR/(umol-m™2s71)

2 EEBLE RSN R i 2
Fig. 2 Photosysnthesis-light response curve of Purple Majesty

leaves

®3 EHUSHREEMEHREZNSSH

Table 3 Fitted parameters to photosynthesis-light response curve of Purple Majesty leaves

Mk JEAME R A A (RS ES
Material LSP/(pmol-m~2%s~1) LCP/(umol-m~%s71) R,/ (pmolCO, +m 257 1)
Xt IR CK 11.02 +0.31A 898.95 +3. 17A 1.088 £0.0010 B

T 518 4L BE Drought tress treatment 11.62 £0.24B 735.75 +2.16B 1.045 £0.0012C

SA AbFE SA treatment 9.23 £0.19C 822.02 +2.51C 1.314 £0.0020 A

LSP: the light saturation point; LCP: the light compensation point; R, : dark respiration rate; NI REFHFRIRZEFLE P =0.01 KPR R D E
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ST TS LD BT T S04 40 B F 0 S B IR T OB PRI IR T SA b g
RN TS A LHT F | W AT AR ML, B R PR
2.5 KIS T AL CO, M 2 K4 S B

TR S AL Y CO, ik KA 5 00 e s

HOLEE 3 FI% 4 (AT UL T, CO,MRIE A 25— 0 o5 o TWMMOMm
400molCO, /mol Z WY, 4118 FREMAMIESEE =5 | F S
G RO A S T AR SR — 5 H éf sl

BBRLER LW, T T W30 b BT B4 4 i A §§ ol

COKMEE S5 2 17. 61pmolCO,/mol, 57 T AR B3

14. 62 umolCO,/mol F1 SA ZEFE 15. 14 umolCO,/mol , é ; - . . . . . . .
MM H: CO, M A1 A A 889. 13wmolCO,/mol , i 3 & T X Bf 25 75 100 200 400 600 800 1000
(1 794. 72umolCO,/mol I SA At FE 5 ) 639. 46 AT COTRIECumolmoD
pumolCO,/mol , [FFEH, 5 id b B SEAH 45 4 v B3 EEBHEIE K CO, M HL

A G 3 Rl 4. 36 umolCO,» m “ts7! B TX} Fig.3  Photosynthesis-CO, response curve of Purple Majesty leaves
FEAY 2.99umolCO, « m ™+ s™" I SA ALBRSS 1 3. 32

pmolCO, m s ™' 3R 3 LR UL, T 5 Bhia A B i T S4B 43 41 v R CO, kME2 S, CO, MR ARG T
WA T SA AR B AT AL T A T A S A AT R COLAMEE AR, COL TS RGP H 3

F4 REUSYHEHE CO,NE LIS SH

Table 4 Fitted parameters to CO,-response curve of Purple Majesty leaves

Kk CO, FMEAT CO, IR DGR 35 4
Material CCP/( uwmolCO,/mol ) CSP/ ( wmolCO,/mol ) R,/ (pmolCO, -m~>s™")
X IR CK 14.62 £0.57A 794.72 £4.12A 2.99 +0.010A
T8 4L BE Drought stress treatment 17.61 £0.38B 889.13 £4.01C 4.36 +0.012B

SA 4bPH SA treatment 15.14 +0. 66C 639.46 £3.87B 3.32+0.011B

CCP: the CO, compensation point; CSP: the CO, saturation point; R : light respiration rate

2.6 KIS TRE T AN ek SO T F S E

2 R OGN RERS B AR B AE AR NTES FE B WIHR PO (Fy) 2R GE I (PSI) i ik T
SERTPR BT i B SR SRR WIE A L L F/F, EE TR PS I ISR E B AR bR, #R
PS I RO i =i, S e PS T o G REFE 4SR0S rp T2l A1 SA b3 R %)
BB Fo 435I X BRI 78. 9% 1 82.4% , 225 3 (£ 5) . T RIHALE Y EMAL R F/F, N
0.763 KT X HREY 0. 771 F1 SA AbHEAY 0.796 (H2E A BE . WA T2 Wra Xt PS T4 A K,

D TN LRI = i, B R PSTUR N U AEF R 43 SIS L 1 SE PR JE R G RER R OR . K S
LA W, TR0 A BEAG S A LB RS @ A 0. 701, I TX R 0. 728 1 SA 4B 0.732,,

R5 EEUSYHEHAHMERINNESH

Table S Chlorophyll fluorescence kinetic parameters of Purple Majesty leaves

Zp s WIHZOE el AUR J6F PS I SEhrtfba
Material F, F./F, B Dy

X7 R CK 68.93 +3.13a 0.771 +0.011A 0.728 £0.003a
T 58 4B Drought stress treatment 54.40 +4.57b 0.763 £0.023A 0.701 £0.011b
SA 4bPH SA treatment 56.83 +1.24b 0.796 +0. 002A 0.732 +0.007a

ANFNG PR IR 22 5388 5% 1 83K V5 F: basic fluorescence; F./F, : photochemical efficiency of PS Tl ; @y : actual photochemical
efficiency of PSII
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2.7 KRR T RRA T S A L S R A R B AR

F 6 SRR, T 5 a5 A i A B AR S o S R A o SR A ™ N R R RN, HL 22 S
B UL T S RA MR TR T R LS R, 1T SA AL BRBESE R AK T R PE TR A I R AR L S A
P N, SRS SA X S AT R AR B — 2 IR R

x6 ZHRYEMANESENA_BAE
Table 6 The electrolytes leakage and MDA content of Purple Majesty leaves

4 Material A% L 53R Relative conductivity/ % A 5% Malondialdehyde/ ( mmol/mg fif 2 )
X IR CK 17.65 +0.404C 2.845 +0.021B

T8 4L BE Drought stress treatment 33.33 +1.807A 2.905 £0.020A

SA 4bPH SA treatment 25.52 +0.055B 2.878 +0.011AB

AR REGFREFIRZERTE P =0.01 KRS B &

3 iFig
3.1 F9 0 F/RGIRIE ST 2 Wi xR A B o 10 i) R R0

FEIEF G OUT AR TG M AU 7 ARG BR AL T 3l AP ARIRAS T M AUKARAS , R i F i, YAy
LEFiBE A T AR A A 30, ) A MR -OH) Mg A L A (H,0,) G A B | X 4 s 1
AT, XA BT A RS T BEIR 5 s B AG  EUAAE L DI feff A 0 4 o FR SR BB g ot 4 Ak
FE—P I (MDA) , A B R A BN B AT PE Y BT L SR B e . R, MDA FITH £ BT 32 T
RENH SR B2 0 E P TR A BEE bR, MDA & | i SRR, DL ) 32 15 B A 3
Ko ARSI RN, TR Wi A S E 300 T 0 B B AR R R o 48 A = W R i, T SA &b
BEABRRAC T30 T R 0 B (AR F R SR A 8Tl = o I 5 e, X RS A B — s i R
FAER . IR IS SR — 30k, T 5 e A0 3RS S A 11 JEE45 ) 38 B R IR | P S A s 28 o )
D BRI AN ELRL 2 RS FEEAA (8] 1e) T 0.5 mmol/L 1y SA AbFREEAH 245 41 v it 1 g
A BRI ISR AR BS54 (SRR BRES F AR X 5248, SR J2 38 % (B 1b)
3.2 (G F KGRI S T R M XS A G5 i RIRUN

TRPE IR SEAVER ERAER B IR R B SR A R R R ks
VE R R A P M A 2 AT R, B SR 35 6 TR AR K i S B MRS LA T AR, PR
AT FCA R FAE R AR 4 A A RN P 55 P8 A, T 5 Il 32 238 5 AL AR A AL IR 9 il A A 1 O
BVER, FIE A i M) SRR B ) BRA G B 0l ¢ A 2 fEARRF S, TR 7d 00T A
LT SR AR LA 7 BIIR AR ER a PR b BTSRRI R RIL SRS TR 1 A
AR R A S RN X U B R A R T BEASSE H TARL S B R R B CO, R Ik BT S, T Tl
A TAER AL EFLRS T CO,RYFIF , 381 F 4 e 45 S SR (A ()RR S 25 0 , TS T s HE , B0+ 52 oy
HRE TR E 2R —ERENIR, SA ABE T2 Wb ik it Gl AL B AR Ak
BRAERIG N, BB L I e A B R ) T R B T SA ARBRER Y T S R BESS AL, 3 Tk A AL S
FEBIHM

2R R 0B )2 R e ad W35 N ) SR A AT RE 2 7% BT B A P A - S 22 9 i B 25 Bt A () A
A AR L, MR SRR E N v R e A E R R b B R G XL RE I A% FEHL A
BC A5 T7 A MERE R . MR DOCSEEA AEYD AR« INZEME” RS, MR A B
Yok BAE AR B PSR Z R, R 5 T B R AT IR TG (F,) B RGT (PST) b
FRUOAE TS TP B PR, TR MNE AT SA ZLHEY F, 43500 A3 BRAY 78. 9% Al 82. 4% , S5 X IR £ R
F. F/F, % TR Y PS IIGTE A EEE 4, At A PS 1T RMDGRER HscR 7 TR
REBRE) F/F, AT XS IR RN SA BRI, BT 2 W38 50855 PS 11 i% 1 , BEARIERICRE 40508, i SA Ab3E
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