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stress resistance. To investigate the alleviation effect and mechanism of exogenous hydrogen sulfide (H,S)
on tobacco seedlings growth under drought stress. This study adopted the method of nutrient solution hy-
droponics and used 15% polyethylene glycol (PEG-6000) to simulate drought stress. Flue-cured tobacco
(Nicotiana tabacum cv. ‘Yuyan No. 6’) was tested for their response following foliar-spraying with sodi-
um hydrosulfide (NaHS) at concentrations of 0, 0.1, 0.2 and 0. 4 mmol « L.~

cluded seedling growth, active oxygen metabolism, antioxidant enzyme activity, chlorophyll content and

!, Parameters measured in-

photosynthetic fluorescence characteristics. The results showed that: (1) tobacco seedling growth was sig-
nificantly inhibited under drought stress. (2) Exogenous H,S treatments significantly enhanced both shoot
and root fresh weight, increased the total root length, total root surface area, average root diameter and
root tip number of tobacco seedlings, enhanced chlorophyll relative content (SPAD), net photosynthetic
rate (P,), transpiration rate (T,), stomatal conductance (G,), maximal PS][ quantum yield (F,/F,), PS
Il actual photochemical efficiency(@psy ) and photochemical quenching coefficient (qP), and reduced inter-
cellular carbon dioxide concentration (C;) and non-photochemical quenching coefficient (NPQ), enhanced

the activities of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT), and decreased ma-

londialdehyde (MDA) content and superoxide anion (O, ) generation rate under drought stress. Foliar
application with 0. 20 mmol « ™' NaHS produced the largest growth promotion effects and drought stress
alleviation. (3) Compared with drought stress alone, 0. 20 mmol « L' NaHS increased shoot and root
fresh weight of tobacco seedling by 41. 82% and 44. 83%, enhanced SPAD, P,, F,/F., ®ps; and qP by
62.88%, 246.96%, 8.43% ., 23.71% and 10. 84%, decreased C, and NPQ by 25. 79% and 22. 68% en-
hanced the activities of SOD, POD and CAT by 50. 67%, 140.59% and 71. 68% , reduced MDA content

and O,  generation rate by 40. 08% and 47. 58%, respectively. These results indicated that exogenous
H,S positively stimulated tobacco seedlings to capture and convert solar energy, thus promoting seeding
photosynthesis and growth, and also enhanced the adaptability of seedlings to drought stress by improving
antioxidant capacity and reducing oxidative damage.

Key words: flue-cured tobacco seedlings; drought stress; exogenous hydrogen sulfide; antioxidant capaci-

ties; photosynthetic characteristics; chlorophyll fluorescence
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ESE AL TS O A 3 (net photosynthetic rate,
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Table 1 Effects of exogenous hydrogen sulfide on the growth of flue-cured tobacco seedlings under drought stress
g BB b b 5 6 BB A T S fif B AR R R HE K
- Shoot fresh Root fresh Total root Total root surface Average root )
Treatment ; , e B . ; Root tip number
weight/g weight/g length/cm area/cm? diameter/cm
CK 9.524+0.58Aa 0.81+0.04Aa 83.78+3.19Aa 287.28+4.37Aa 0.96+0.03Aa 793.671+10.02Aa
T 6.60+0. 33Bc 0.58+0.02Cd 55.3143.82Dd 172.694+6.43Cd 0. 44-+0.03Dd 472.33+32.72Dd
T, 7.94+0. 64ABb 0.72740.03Bc 66.07=+1.60Cc 194. 6645.59Cc 0.59740.07Cc 618.33419.86Cc
T; 9.36+0.35Aa 0.84+0.04Aab 74.57+1.95Bb 244.58+11.96Bb 0.78+0.05Bb 723.00+18. 00Bb
T, 7.78+0.67ABb 0.76+0.03ABbc  65.5741. 44Cc 196.51+19. 98Cc 0.60+0.07Cc 642.67410. 79Cc

T < [ S A [R) R 5 5 B 2 7 AN () Ak 1 ] 2
T

S8 M I F R (P<C0. 01) 5 [/ B A [ /N5 5 B 32 7% A [7) &b B ] 22 5 35 2 35 /K S (P<C0. 05).,

Note: Different capital letters in the same column indicate extremely significant differences among different treatments at 0. 01 level. Dif-

ferent normal letters in the same column indicate significant difference among different treatments at 0. 05 level. The same as below
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Table 2 Effects of exogenous hydrogen sulfide on the photosynthetic characteristics of flue-cured

tobacco seedlings under drought stress

s 458 22 A% 5 it Y%J'CI?JE’%% ;fﬁi?r@i ’EJE;E'FTE i fia) Cé)z {35
Treatment SPAD /(pumol n;"z es ) /(mmol e m~ %« s 1) /(mol » miz esh / (pmol ;Imol D)
CK 44,0+1.8Aa 9.64+0.26Aa 1.60+0.06Aa 0.05740.003Aa 203.214+11.96Dd
T 24.3+0.8De 1.9440. 60Dd 0.6740.05Dd 0.01340.003Cc 309.124+3.15Aa
T, 31.9+1.3Cd 4.1240.97Cc 1.07+0. 11BCc 0.03940. 009Bb 281.37+7.65Bb
T; 39.5+1.1Bb 6.73+0.71Bb 1.3640. 10ABb 0.06240.003Aa 229.4046. 48Cc
T, 37.141.7Bc 4.1740.46Cc 0.9440. 14CDc 0.0324+0.001Bb 269.154+5. 25Bb
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0. 01) , 6B T~ 52 o 36 % Je H - 640 D16 B B 385 1 T
—ERE M. 5T M. T, T, f1 T, /) PSTI
e R 2E R (F,/FL) 43 5 8 2 328 76,36 %,
8. 4300 4. 63% s PST S BRGAb F 340R (Dpsyp ) 43
WERET 11.15%.23. 71% 8. 67 % ; Ak 22
RKEBCqP) 53 5] | 35 485 T 7. 2806, 10. 84 %6
5. 43 %0 s AR ek 2= HE K R B NPQ 43 7 B 5 FEAK T
11.55%.22. 68 % F1 8. 40% . UiBA4ME H. S BEA %L
U T 5 Joih A0 6T 4 R &0y 0 6 B VR L 4R = Ok e
{149 W52 AT T El, T A% 336 33 L ELLAL 0. 20 mmol « L' AP
H, S b B g R e
2.4 FEBETINEHS MFEELHE O, F=4%
R MDA 2K

ME 1A LA S CK M, gk S ia
K5 M0 41 e AR S AR R MDA i
PR AR T 207, 18 % 1 151, 82% . £ F
Bk M B 2K (P>>0. 01) . U B3 T 5 W38 T %

At A A A7 B T — R A E . S
T 5 0 A BEAH B i T R [k B NaHS % )
Ab 3 3 AR TR I 4 R AR BT BS A  RR
MDA &, H B4 I NaHS &b 3 v B i 438 i 5 91
SEREAR T THEs #4340, 2 mmol « L™ NaHS 4b
PR A A B 5 T, A B 95 A0 40 1R SRR
AR MDA & H R R T R A B BEAR T
A7.58 %0 F 29. 33% . 22 5+ 34 3K W B 3 K O (P>
0.01), FIHAME H, S b B AT L) {25 BG4 1A 40 i
7 A B B8 7 A R 0 R R 4 1 AR 9 MDA (1
FRUE A 5% R A 52 W 3 %o 400 i 65 i %) 2 48 Ak 452 405
PR 40 B B 235 g o AT 8 4% T 52 3 43 35
2.5 FEBHETINE H,S X E 4 & S W EEE
M 9 5 M

A 2 w5 CK A H, 3o 1 5 a5 80
A H ) SOD 3% # .25 71 & . 1 POD #l CAT %
PETCHA A fh . 5 Bk T R b 8 b BEAH HE L BE A
J WERAME NaHS 37590 B2 i 40, 16 MR 4l i i) POD,

R3I MEHLSHTFEMBTEESEHRERALSHHEZMN

Table 3 Effects of exogenous hydrogen sulfide on the chlorophyll fluorescence parameters of flue-cured

tobacco seedlings under drought stress

fib 3 PST fie Kb 2E30% PSTT 5 b b2 3008 AP K Z R IR A=y D &L
Treatment F,/Fy Dps i aqP NPQ
CK 0.82540.003Aa 0.47840.010Aa 0.76240.010Aa 0.228=+0.007Dd
T 0.73740.012Dd 0.32740.009Cd 0.64340.009Cd 0.35340.009Aa
T, 0.78440.002BChc 0.36340.007Cc 0.69040. 004Bc 0.31340.006Bb
Ts 0.79940. 002Bb 0.40440. 006Bb 0.71340.005Bb 0.27340.007Cc
T, 0.77140.003Cc 0.35540.003Cc 0.67840.004Bc 0.32440.005ABb
801 20

= L Aa 7

fﬁ o~ 70 ] ) 16 éla_

; 2z 60r Bb )

2EE sof @ o 12} BCb

=i+ it

g ; ‘Ol) 40 B ﬁg“] E

- 1] g gt

F‘%’Dg 30F by iz § Dd

kT e

RO E 20t < 4l

® g

5 10 S

0 L 0 .
CK T, T, CK T, T, ‘
QL FE Treatment Q¥R Treatment

ANA) K S FRE R IR A 7] b $H R] 22 5 35 4% $ 25 7K - (P<<0. 01) 5 K [F] /NG 7 BE R IR AN [ 4 3L ) 22 5558 1 3 /K F (P<<0. 05) . R[]
1 AN Ho S X 52 JWh3e ™ 4% 00 4l w8 420 B B 7 A i 3R MDA & 2 195 i)

Different capital letters mean extremely significant differences among different treatments at 0. 01 level. Different normal

letters mean significant difference among different treatments at 0. 05 level. The same as below

Fig.1 Effects of exogenous hydrogen sulfide on the generation rate of superoxide anion and MDA content

of flue-cured tobacco seedlings under drought stress
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Fig. 2 Effects of exogenous hydrogen sulfide on the POD,
CAT and SOD activities of flue-cured tobacco seedlings

under drought stress

CAT F1 SOD i P 5 9L Je Tt i J5 BEAR 0 e 34, B
LUt 0. 2 mmol « L™ NaHS B84 i 55 K5 55 5+
S A L T, 43R 8 40 4 i POD,CAT F1 SOD
TS AR T 140, 59%.71. 68 % F150. 67 %0 . 22 5
Yk B K (P>0.01), UiBI4ME H,S fE 53
P T R 3a M R 4 A PODLCAT F1 SOD i
P 394 58 5 A0 4 v I AT G R SR TS BR R ) . 22
fiffe AT 522 Jih 20 T 5 | A ) B o AR AR B
33 ®
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FE (1 W2 WAL A% 366 5 2 A0 55 5 T B % AR T L 20
BE R EZERATHEY g R G TR0
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L2 RE M RE . OB T PSIT & B o o0 19 I i 2
JEEH L AR g R R, T R a4
PS I F KOt 230 % (F, /F,) (PSI 52 brot ik 5234
K (Dpsy ) FIIEAL 2E PR K R B (qP) 1B 3F [E K, NPQ
W LI UL T R A T 4 i PSR
JNE F O I PR I JCRE B W S AR UL 5 e Y e
FERAL R 32 2B PS I 520 o O 9 3 3 ' fig K o
TR AP 32 208 45 . D5 BOLOG e R Ag
B, AN H. S GeRE 1+ 2 i T PSITn Hds
B T T LA R AT AR SORRE B2, 3 DG A 1 38 R
FEEZHDERE TOLEEM AR B L YR
E AR OCE RO ARG T 5 8 X AR A 1 A
K 0 i 4 T 3% 5588 0 o0 A5 FE i T % in 4 i
A 5 45 RAH — 3L,

W) AE 5 30 B 77 2 0 K s PR 4R B P SR e
g 55 1= ) KAy e A AR RONE S 5 | S g ot 4Rk S
JoT B8 375 M N, 5 BOK B W i 5105 T A0S AR o Ak
7P MDA F e 38, 85 P G PR RR AR TS 2= 2k, A
i 3 A AR = B0 . Shan 2550 BF5Y & B4
I8 H, S BEREAR /K 43 k8~ /NE 4 i it v i) MDA
O RN A R R A AL BRI T R R
JINZZ GV 20 L O R T L R R A5 R L AR /N EE
IE R K A B . ARWESE KB, T R e T B
SR E A MDA & & O, 7= Az sl R 3 ) 2 4%
1 Wi AN [R) ok B A AR IR HL S 24 6E 1 3 BRI T 2
0T #E A 45 g MDA S A O, R R
L, o DLAMIE H, S W B2 0. 20 mmol « L "B Y
ROR o B U OE B R AR HL S e A AR

S % 30k :

(1] vried. e, 8 5. % MR o 2 RO E B R
RGBSR AL RGO L1 B A5 2% 4. 2015, 26
(6): 1718-1726.

fiff T 5 2 % 06 AR &)y ) AR AR R 0 VE R R O
SEUNT 2 B ) 45 L DR AP RS R I SR R M . M R
A0 3 SR R 5 L Sl T B B IR R GOR T
B A 3 IAERR AR N Y Bt S sh A . Ak
Y E AR (SOD) | it S 4k ¥ i (POD) F i 48 1k A il
(CAT) 2 40 MO HCAR 1% M 48000 3 0 il O 4 R 40, vl UG
W AL 400 1 P 22 4 1 3 P R R T TR 2 SR AR T L 3
SE8 R ) %o 3 45 M0 1 HIE T BE T, SOD 2 4 4 1 9 %
MRS LTS BR R SR 5 — 1E B 4R AR o 5 AR AE
FHAE O, #5728 5 HL O, (40 M N 1Y A 1 35 48 £5 76
— AR KE b RS 2 8
CAT J& Y M P9 5 22009 105 1 48078 B 1 - 3 23 40 1
H, O, , R 4 3 40 i B 2 4 19 F i 1 s POD 76 41 Jift £
PG 2R 48 T T BROGIT IR GO AR L T 1 3 i R
e HL O, 608 HoAx fif oy O, F1 HL 0P, #
TIEAESI R WL AN IR HL S AR T 4 5 8 IR
Ty SOD,POD F1 CAT (3 ¥ . Bk MDA B %
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