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Effect of exogenous hydrogen sulfide on seed germination and
seedling growth in naked oat under osmotic stress
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( University Provincial Key Laboratory for Protection and Utilization of Longdong Bio-resources in Gansu Province

/College of Life Sciences and Technology, Longdong University, Qingyang, Gansu 745000, China)

Abstract; Hydrogen sulfide (H,S) is a novel type gas signaling molecule in plants. The effects of exogenous
H,S on the seed germination and seedling growth of naked oat ( Avena nude) under osmotic stress were investigated.
Seeds of naked oat cultivar ‘ Dingyou 9’ were used as materials for a two-factor experiment including concentration
of sodium hydrosulfide ( NaHS, a donor of H,S) and osmotic stress. Four different concentrations of NaHS (0,
0.2, 1.0, and 5.0 mmol - L") were set to soak the seeds for 8 hours, and osmotic siress was simulated using five
different concentrations of polyethylene glycol (PEG-6000) (0, 119, 149, 178 g - L™', and 202 g - L™"). A total
of 20 treatments were conducted to determine germination characteristics ( germination potential, germination rate ,
germination index, vigor index, mean germination time, and storage material transformation rate) and seedlings
growth parameters (radicle length, plumule length, and seedling dry weight). Subordinate function analysis was al-
so carried out for comprehensive evaluation of osmotic tolerance of naked oat seeds in different treatments. The re-
sults showed that; (1) The NaHS concentration and osmotic stress had significant effects on the parameters of seed

germination and seedling growth of naked oat. The interaction between them had significant effects on germination
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index, vigor index, mean germination time, and radicle length. (2) With the enhancement of osmotic stress,
which was simulated by PEG, the all parameters of seed germination and seedling growth decreased significantly
under the same NaHS concentration, but only the average germination time increased dramatically. (3) At the same
PEG concentration, soaking seeds with 0.2 mmol - L™" NaHS had no significant effect on the parameters of seed
germination and seedling growth of naked oats. Soaking seeds with 1.0 mmol + L™" NaHS increased germination in-
dex, vigor index, storage material transformation rate, radicle length, plumule length, and seedling dry weight,
while decreased average germination time. Soaking seeds with 5.0 mmol - L™' NaHS increased the mean germination
time, while all other seed germination and seedling growth parameters showed a decreasing trend. (4) The result of
subordinate function analysis showed that the soaking seeds with 1.0 mmol + L™ NaHS improved the comprehensive
evaluation value (D) under osmotic stress simulated by PEG, while the D value of soaking seeds with 5.0 mmol -

L™' NaHS significantly decreased. These results indicated that soaking seeds with appropriate concentration of NaHS

(1.0 mmol - L") can effectively improve the seed vigor of naked oats and promote its seed germination and seed-

ling growth under osmotic stress.

Keywords: hydrogen sulfide( H,S) ; naked oat; osmotic stress; seed germination; seedling growth
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ZHAEZE 1.0 mmol - L' NaHS A 1 & 2E 3 i
T 5.9%,5.0 mmol - L' NaHS ZbFH Y % 23
N R EEART 9.8% ; /F PEG HeJ¥ 149 g - L7'B},
0.2 mmol + L' A1 1.0 mmol - L™ NaHS &b B[ & 25 3
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Tablel Two-way analysis of variance of PEG and NaHS concentrations on seed germination and seedling growth of naked oat
7R S R R RS S R IWIECE V45 ZF I )
Source Germination energy Germination percentage Germination index Vigor index Mean germination time
PEG #Z PEG concentration 58.21° 38.66 401.91" 411.78" 395.86"
NaHS ¥ & NaHS concentration 23.27" 23.79" 85.56 " 51.88" 41.64"
A HAEH Interaction 0.53 0.85 2.03" 2.07" 3.43*
7R S SR R IR B 1 A JEAR JIRZF AL DfH
Source Matter transformation rate Radicle length Plumule length Dry weight D value
PEG ¥J¥ PEG concentration 481.74" 1318.05* 909.73 " 529.31" 524.12°
NaHS #¢J NaHS concentration 39.84" 70.72" 53.71° 40.32" 71.6162"
ZZ HAEH Interaction 1.29 4.63" 1.51 0.83 0.4596

Wl FAH, = FRTE P<0.05 FEREE,

Note:In the table is F value, * indicates a significant difference at P<0.05.

&R 2 NaHS R#Xf PEG ZZEMET
RWEMFRFEHRMN %
Table 2 Effect of soaking seeds with NaHS on germination

energy of naked oat seeds under PEG osmotic stress

&3 NaHS R#Xf PEG ZEMET
WEETTFRFRHIM %
Table 3  Effect of soaking seeds with NaHS on germination

percentage of naked oat seeds under PEG osmotic stress

PEG W% NaHS ¢ NaHS concentration/ (mmol + L")
PEG concentration
/(gL 0 0.2 1.0 5.0
0 (H,0) 73.3+4.0Ba  73.3+1.5Ba 79.0+1.0Aa 71.7+5.5Ba
119 67.3+3.1Bb  66.3+2.1Bb  71.3x2.1Ab  60.7+3.1Cb
149 67.3+2.1Ab  64.7+4.2ABb 71.3+2.1Ab  61.7+0.6Bb
178 62.3+1.2Ab  61.0£2.6Abc 64.3+0.6Ac 58.3+0.6ABb
202 60.320.6Abc  57.3£5.5Ac¢  61.7£1.5Ac 54.3+2.1ABbc

VW 5 A [N 7 B R R N 6] PEG iR B2 I 25 57 | 3 (P<
0.05) ,[FAT A R K 5 B K78 AN Rl NaHS ¥k B J|) 25 5 |8 35 (P<
0.05), T,

Note : Different lowercase letters in the same column indicate signifi-
cant difference between PEG concentrations at P<0.05, different capital
letters in the same row indicate significant differences between NaHS con-
sentrations at P<0.05. The same below.

2.3 SMNE H,S 3 PEG ZiBEMNE THRIBEMFLEHF

L EAT

M 3 WA B % PEG W T, ATl NaHS
WERF R RRIEL R T R FRY R H T, 178
PEGRIENO g+ L' &M F,5 0 mmol « L™ NaHS
EAAEE,0.2 mmol + L™ F15.0 mmol - L' NaHS &
MR R TL R EFEZER,1.0 mmol - L' NaHS 4b 3
AR BERE T 7.1%, 1E PEG ¥RJEH 119~
202 g - L_]%H:T,O.Z mmol + L™ 1 1.0 mmol + L
NaHS 29 & 2 5280 A K, 5.0 mmol « L™ NaHS
A R R D ELT 0 mmol - L™ NaHS AbJH
2.4 5N H,S Xt PEG BiEME TRZEEM FLF

EisEl:akA

F 4 KW AR EE NaHS 1270 T, B PEG
VR Th R R 1 R PR RO 2 W AL
M, fEPEGWE N 0~202 ¢ - L' &MFTF,50
mmol + L™' NaHS &Z# AL ,0.2 mmol - L™ NaHS %
F & 2R 8000 1 #7216 ;1.0 mmol - L™' NaHS i2

PEG H NaHS #¢J&# NaHS concentration/ (mmol - L)
PEG concentration

/(g L) 0 0.2 1.0 5.0

0 (H,0) 76.3+42Ba  75.0+1.7Ba  81.7+0.6Aa  73.0+5.6Ba

119 70.0+4.4Ab  67.7+£3.1ABb 73.3+1.5Ab  62.0+3.0Bb

149 69.0+2.0Ab 65.3+5.0ABb 73.3+2.5Ab  64.0+3.5Bb

178 67.0£1.0Ab  64.7+2.5Ab  67.7£1.5Ac 63.7+1.5Ab

202 65.320.6Ab  61.0+4.6Abc  66.0£1.0Ac  56.0+1.0Bc

R4 NaHS B#Xf PEG B ZEMET
BRIET T R F B0
Table 4  Effect of soaking seeds with NaHS on germination

index of naked oat seeds under PEG osmotic stress

PEG H NaHS #€/& NaHS concentration/ ( mmol L! )
PEG concentration

/(gL 0 0.2 1.0 5.0

0 (H,0) 65.7+19Ba  64.1x1.6Ba  70.9+1.0Aa  59.5+4.2Ca
119 50.2£2.8Bb  49.3+1.4ABb 54.0£2.0Ab  38.1+2.2Ch
149 45.0+1.3Bc  42.9+3.4Bc  49.3+x1.5Ac  37.5+2.6Cb
178 39.2+1.2Bd  39.4+1.3Bd 43.7+1.0Ad 35.4+0.7BCh
202 37.7£1.0Ad 36.3x1.8ABd 40.0£0.3Ae  31.5+0.3Cc

PR R ZEHRBOR R R B 4 i, o #E 0~ 178 ¢ - L
PEG W T W & ZF 46802 5 .3 55.0 mmol - L™
NaHS EFP Y & ZEHE 00T BRI
2.5 4ME H,S Xf PEG BEMBE TREZMTFEN
FEE A 2
Wit PEG BT, AR NaHS ik B IR Fh i ER
R FIG IR B E TR (R S5), 7£0~202 ¢
- L'PEG 444 F, 5 0 mmol - L™' NaHS EFAH L,
0.2 mmol - L' NaHS 2 Fp )15 J1 85024 5 A 0.3
1.0 mmol « L™" NaHS & F (1) 1 77 48 BOA [7) 72 B 42
B HTE 0~149 g - L'PEG 444 F BTG S50
SR :5.0 mmol - L' NaHS 12 FhAYTE 1852 F
s b e, b fE 0~ 149 g « L'PEG £ FHI T
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b2 A 119 g - LA 202 g - L7'PEG 44T B84 I s
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NaHS =270 1744 % ZE 0 0] TG d 3% 22 5%, 5.0 mmol -
L' NaHS &R0 242 5 173k 2805 (] #E PEG W
JEN 178 g + L'Af,0.2 mmol - L™ NaHS 12 FhAYF 15
K ZEBTA S 0 mmol + L' NaHS iZFh 22 A 3
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F15.0 mmol - L™" NaHS & Ff i) - 14 & 2 i 6] 5 0
mmol - L' NaHS {2Fh 922 %A 8.3, 1.0 mmol - L™
NaHS =115 28 B ] ik 2 FEAIR
2.7 SME H,S XF PEG i£iE B T #3105

YIREIZ RN

Wi PEG BT, AR EE NaHS 12 g #R
ML P B s R W E TR (R T) . TEA
[ PEG ¥ F, 5 0 mmol - L' NaHS 32 L ,0.2
mmol - L™' NaHS BRI B4 ilE 10 R 22 AN

£S5 NalS B3} PEG BEMET
BIEMFIEHIERMZM
Table 5 Effect of soaking seeds with NaHS on vigor index of

naked oat seeds under PEG osmotic stress

PEG )& NaHS #¢J%# NaHS concentration/ ( mmol « L™ )
PEG concentration

/(g L") 0 0.2 1.0 5.0

0 (H,0) 18.41£1.15Ba 18.20+0.92Ba 22.03+0.64Aa 15.42+2.76Ca
119 12.22+1.22Bb 11.89+0.55Bb 14.59+1.06Ab 8.73+0.68Ch
149 10.01+£0.64Bc  9.33+1.38Bc 11.76+0.94Ac 7.48+0.87Ch
178 5.93+£0.45Ad 5.52+0.47Ad 7.04+0.34Ad 4.04+0.27ABc
202 4.38+0.25Ad 4.47+048Ad 5.32+0.21Ad 3.21+0.20Ac

&R 6 NallS R#¥t PEC 2 EMET
W ET T L F R ERF/d
Table 6  Effect of soaking seeds with NaHS on mean germination

time of naked oat seeds under PEG osmotic stress

PEG )& NaHS ¥/ NaHS concentration/ ( mmol - Lt )
PEG concentration

/(g L") 0 0.2 1.0 5.0

0 (H,0) 1.32+0.05Bd  1.31+0.01Bd 1.30+0.02Bd 1.40+0.02Ad

119 1.57£0.05Bc  1.56+0.05Bc¢ 1.54+0.05Bc  1.81+0.01Ac

149 1.77+0.00Bb 1.78+0.05Bb 1.75+0.01Bb 1.91+0.10Ab

178 1.97+0.04Ba  1.90+0.02Ba  1.80+0.05Ch 2.06+0.05Aa

202 2.04+0.06Aa 1.96+0.04ABa 1.91£0.06Ba 2.02+0.06Aa

1B R K 5.0 mmol - L' NaHS 12 Fp i 3 FEAIG
70,149 g - L'F1202 g - L'PEG 444 F I 5# H
JEEE R M 119 ¢ - L' A1 178 g - L'PEG &1 T
I ) T e i R AR AN B
2.8 4ME H,S Xf PEG i£iEMME TREZ 4 EHIER
FNBEZF K FE Ry 22 M
Wit PEG BT, AR NaHS i B2 Fh b #R
FHEZZ Wy 17 R AR VR 25 B8 FEAS 3 52t 19 3 R 8 4k
(RS, %9, EAFPEGCHAET,5 0 mmol -
L' NaHS = # A ,0.2 mmol - L™ NaHS 35 Ff i1 #
FHEAZ 1 v R AR IR 27 1 B T 8 2% 22 575 1.0 mmol -
L' NaHS ¥ Fp 82 = 17 4l 8 AR R 2F 4 B2 5.0
mmol -+ L™" NaHS Z#%f 0,119 g - L' M1 149 g - L™
PEG 2/ FRIRAREKE & 0,119 g - L7'PEG &F T
PR ZF B R AN i 5 T J AR T 178 ¢ - LA
202 g - L'PEG %M FIOMARICEE 2 149 ¢ - L7178
g« L'HI202 g - L™'PEG £ F IR K BE
2.9 4ME H,S X PEG BEMME TREZHEHTE
apA
MFE 10 7] WL B PEG W T, A[R] NaHS
W EE IR AP IR S (AR + IR 25 ) T E 4 5t o 3
T AR fEARTE PEG /ZQE‘F,E 0 mmol « L™
®7 NalS %3t PEG BEMET
BREFF I RIS R R %
Table 7  Effect of soaking seeds with NaHS on storage material

transformation rate of naked oat seeds under PEG osmotic stress

PEG V% NaHS #¢J&# NaHS concentration/ (mmol - L")
PEG concentration
/(gL 0 0.2 1.0 5.0
0 (H,0) 20.7+0.7Ba  19.8+0.2Ba  23.0+0.8Aa  18.3+2.2Ca
119 16.5£09Ab 15.3+04ABb 17.7£0.6Ab 15.0+0.9ABb
149 13.6£1.2Bc  13.2+0.5BCc  16.1+x1.0Ac  12.0+0.7Cc
178 8.9+0.5Bd  9.2+0.5Bd  10.3x0.3Ad  8.0+0.9Bd
202 7.9+02Ad  7.5£0.5ABe  8.9+0.3Ae  6.7+0.3Be

&8 NaHS RHMX PEG ZEMET
BRI E 4 B AR AR K BRI R0/ cm
Table 8 Effect of soaking seeds with NaHS on radicle

length of naked oat seedlings under PEG osmotic stress

PEG ¥ NaHS #¢J&# NaHS concentration/ (mmol - L)
PEG concentration
/(g - L™ 0 0.2 1.0 50
0 (H,0) 4.20+0.03Ba  4.20+0.01Ba 4.56+0.08Aa 3.98+0.03Ba
119 4.11£0.04Ba  4.12+0.01Ba  4.44+0.03Aa 3.96+0.08Ba
149 3.77£0.05Ab  3.78+0.06Ab 3.96+0.05Ab 3.59+0.03ABb
178 2.68+0.10Bc  2.72+0.07Bc  2.95+0.04Ac 2.22+0.42Cc

202 1.80+0.18Bd  1.60+0.08Bd 2.11+0.20Ad 1.38+0.12Cd
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R 9 NaHS B PEG BZEME T
RBEDHEFKERIRM cm
Table 9  Effect of soaking seeds with NaHS on plumule

length of naked oat seedlings under PEG osmotic stress

11 NaHS BFxt PEG BEMHE T
REEMFHEEATNE D BT
Table 11  Effect of soaking seeds with NaHS on comprehensive

evaluation value (D) of seed germination in naked

oat under PEG osmotic stress

PEG /% NaHS #¢J& NaHS concentration/ (mmol + L")
PEG concentration

/(gL 0 02 1.0 5.0

0 (H,0) 3.13£0.02Ba  3.14+0.02Ba 3.45+0.03Aa 3.10+0.04Ba

119 2.69+0.02Bb 2.66+0.10Bb 2.97+0.05Ab 2.56+0.02Bb

149 2.54+0.09Bb 2.46+0.02Bc  2.69+0.05Ac¢ 1.84+0.34Cc

178 1.34+0.02Bc  1.35£0.02Bd 1.57+0.04Ad 1.06+0.05Cd

202 0.78+0.08Bd 0.77+0.13Be  1.00+0.08Ae 0.60+0.05Ce

& 10 NaHS 23} PEG 2EMET
HmEZHETENRIN g
Table 10  Effect of soaking seeds with NaHS on dry weight

of naked oat seedlings under PEG osmotic stress

PEG W% NaHS ¥ NaHS concentration/ ( mmol Lt )
PEG concentration

/(gL 0 0.2 1.0 5.0

0 (H,0) 0.77+0.04Ba  0.77+0.02Ba  0.90+0.02Aa 0.69+0.09Ca

119 0.59+0.05Bb  0.57+0.02Bb  0.69+0.03Ab 0.45+0.04Cb

149 0.50£0.04Bc  0.46+0.06Bc  0.59+0.04Ac  0.37+0.05Cc

178 0.27+0.02Bd  0.26+0.03Bd 0.34+0.01Ad 0.16+0.02Cd

202 0.15+0.03Ae 0.12+0.05ABe 0.22+0.02Ae 0.04+0.02Ce

PEG #E NaHS ¥ NaHS concentration/ ( mmol LY
PEG concentration

/(g L") 0 0.2 1.0 5.0

0 (H,0) 0.28+0.01Ba  0.28+0.01Ba 0.31+0.01Aa 0.26+0.03Ca
119 0.24+0.01Bb  0.24+0.01Bb 0.27+0.01Ab 0.23+0.01Bb
149 0.22+0.01Ac 0.22+0.02ABc 0.24+0.01Ac  0.20+0.01Cc
178 0.15£0.01Ad 0.14+0.01ABd 0.16+0.02Ad 0.11 +0.01Cd
202 0.12+£0.01Ae 0.12£0.01Ad 0.13£0.01Ae 0.10+0.01ABd
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