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Effects of exogenous nitric oxide on physiology of seed germination and seedling
growth of Silybum marianum under NaCl stress

ZHANG Xiao-qian, WANG Kang-cai, ZHANG Yan-nan, WANG Qian, CUI Zhi-wei
College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China

Abstract: Objective To investigate the effects of exogenous nitric oxide (NO) on the physiology of the seed germination and
seedling growth of Silybum marianum under NaCl stress. Methods The seeds of S. marianum were treated by sodium nitro prusside
(SNP) at the concentration of 0.05—0.60 mmol/L under 0.7% NaCl stress. Some physiological indexes were measured, such as
germination energy, germination rate, germination index, and vigor index of the seeds, and contents of malondialdehyde (MDA),
photosynthetic pigment, osmosis substances, and the activities of the protective enzymes in leaves. Results The seed germination and
seedling growth of S. marianum were obviously inhibited under NaCl stress. Soaking seeds with 0.05—0.60 mmol/L SNP could
alleviate the damage of NaCl stress. Under this treatment, the contents of photosynthetic pigment (including chlorophyll a, chlorophyll
b, total chlorophyll, and carotinoid) and osmosis substances (including soluble sugar, soluble protein, and proline), and the activities of
protective enzymes (including SOD, POD, and CAT) in the leaves were significantly increased, while the MDA content in the leaves
was decreased. Conclusion Soaking seeds with 0.05—0.60 mmol/L SNP could promote the salt resistance of the seeds and seedlings
of S. marianum. The different cultivars of S. marianum differ in the sensitivity to SNP. The optimal concentration of SNP for the seed
soaking of S. marianum with white and black skins is 0.10 and 0.40 mmol/L, respectively.
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42.2%H1 90.5%, KAF#H5 CK, LW 2%+ .
REFFRBORE IR E ) G A5 R AR
AL, B 0.7% NaCl WHA T, KZEFR%
Fg irEUg I CK, BB, £ 0.05~0.60
mmol/L SNP AR 5, R ZEFa B0RIE 1 fa 403
Lt CK, W1 2480, HBE R i 7 2 8 n f5
FRARER (R 1o R FIRECRE JJIREOEF 7
REERE IR A A e b, X UL SNP ¥
VA R BB B v K T (1 e S RS T
b, 24 SNPKEEN 0.10 mmol/L I, Xf HW &b
MR B, REFRECRITE 14 il CK,
BT 37.5%F1 230.0%; 4 SNP KE N 0.4

mmol/L I, X SD AbPHAL R i W I, R 2 45 2 A
IR E T CKL 35 T 58.1%F1 223.3%.
3.2 SNP ZF#H3F NaCl B8 T /K k& 4h £ KB
GERL (F2) FW, 0.7% NaCl JPHE R, /K k#igh
IR, K TR R L CK BRI,
£ 0.05~0.60 mmol/L SNP ¥t HL)5, Kfatrtytt
CK, &5, HREW T & IS N 5 IR
#, M, HW 7€ SNP ¥4 0.10 mmol/L i, %4
By, 73 H CKo 380 T 130.6%145.6%+122.0%
F117.3%. SD £ SNP ¥Ry 0.40 mmol/L B, &FRbr
g, b CKL 38T 186.3%- 50.8%. 151.1%
H1354%, MWEKFITFES CK, LREZER.

R1 FRLBTKKEFHFHRIFERL (n=5)

Table 1 Seed germination of S. marianum by various treatments (n = 5)

SNPyKJ% /(mmoL-L™") FREFRA  RIUFEK /% R 1% HFREC % LE R RARIEE: S

0.05 HW 65.8+3.19cd 60.0%+4.71d 22.643.76 be 17.54+0.88 de 76.5+3.85¢

SD 59.2+3.19d 40.0+4.71 ¢ 26.84+3.95b 15.1+1.20d 48.5+3.86 f

0.10 HW 81.7£1.92a 70.0£2.72 b 39+226¢ 21.7£1.05b 172.6+8.37b

SD 642%3.19¢ 47.5%+1.67d 20.6+395¢ 174%x1.22¢ 70.0£4.90 ¢

0.20 HW 75.0£3.33b 65.8+3.19 bc 11.84+3.92d 19.5£0.99 ¢ 127.0£6.42 ¢

SD 72.5+£1.67b 62.5+4.19 bc 10.3+2.06d 21.1£1.17b 113.0£6.27 ¢

0.40 HW 68.31+333¢ 61.7+430cd 19.6+392¢ 1834+0.78cd  104.1+4.46d

SD 75.8+1.67b 66.71+2.72 ab 6.2+2.06d 223+145b 132.7+8.62 b

0.60 HW 625+1.67de 583%430d 26.5+196ab  16.0x1.26 f 79.7+6.29¢

SD 67.5+3.19¢ 57.5%+3.19¢ 16.5+395¢ 20.7+1.71b 103.0+8.49d

CK, HW 85.0£1.92a 7671272 a Oe 26.1£1.00a 235.1+£8.97a

SD 80.8t4.19a 70.8%£6.31 a Oe 2444+095a 150.0£5.85a

CK, HW 60.8+3.19¢ 56.7£4.71d 28.4+3.76a 1584099 f 52.3+£3.28f

SD 53.5+£385¢ 35.0+£4.30¢ 340+4.76a 14.1+£1.32d 41.0%£3.85f

AFRNGFRERIRZE L 0.05 BEAKTP (R 1~5 [[)D
Different lowercase letters indicate the significant difference at 0.05 level (same as Tables 1—5)
F2 FRAETKEELGEEKER (n=20)
Table 2 Seedling growth of S. marianum by various treatments (n = 20)
SNP % / (mmoL-L™") A A /em K /em e /g ThiE /g

0.05 HW 8.750+£1.042d 12.850+1.681d 10.270+0.872 ¢ 1.55040.144 cd

SD 4310£0.854 ¢ 8.360%+1.039¢ 3.410+0.944 ¢ 1.18040.249 be

0.10 HW 10.840+1.070 b 16.210+1.931 b 21.470+1.183 b 1.740£0.141 ab

SD 5.090+£0.872d 9.190+1.625 de 43704+1.011d 1.220£0.256 be

0.20 HW 9.830+1.223 ¢ 14.110£1.949 ¢ 19.000+1.841 ¢ 1.66010.156 be

SD 6.50010.905 ¢ 9.860+0.737 cd 5.660+1.024 ¢ 1.310+0.147 b
0.40 HW 9.370+1.436 cd 10.8001+1.834 ¢ 18.320+1.585 ¢ 1.5904+0.379 cd

SD 8.990+0.901 a 11.130+1.739b 6.4201+0.588 b 1.470+0.221 a

0.60 HW 7.910+0.832 ¢ 7.930+1.801 16.590+1.506 d 1.510%0.136 d

SD 7.6801+0.874 b 10.270x1.711 ¢ 5.360%+0.883 ¢ 1.270+0.127 b

CK, HW 11.780£1.682 a 18.9204+1.989 a 28.710+2.541 a 1.810%+0.101 a

SD 9.560+0.954 a 12.830+1.160a 7.270£1.073 a 1.510+0.229 a

CK, HW 7.450+1.094 ¢ 6.460+1.921 ¢ 9.670+1.164 ¢ 1.480+0.143 d

SD 3.1401+0.668 f 7.380+1.297 f 2.7801+0.572 ¢ 1.0804+0.239 ¢
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3.3 SNPZ#xf NaCl BB K K &8 Aot
Ea=ES=L:0pAl

3 3 50, 0.7% NaCl £ha R, K C#HIZhH
MR AR E ay AR by MIMSRERISGHE &R
F CKy BERK, £ 0.05~0.60 mmol/L SNP %
WeFR)E, SRS R CKy B R FFRRE 8,

HREAR BT SIS 5 AR R . HW 78
SNP ¥ BE2A 0.10 mmol/L B, Kb LF, 2kt
CK, BhN T 72.3%. 49.4%. 65.0%41 98.3%. SD fF
SNP % 0.40 mmol/L i, ACBRRCRELF, Hltk
CKL BT 44.1%. 64.2%. 49.3%H1 79.8%, 4 CK,
T EZER.

£3 TRAETKEENEHFFASERELTN n=3)

Table 3 Changes of photosynthetic pigment contents in leaves of S. marianum by various treatments (n = 3)

TS/ (mgrg )

4% b

ISTIESS 3

KL bR

SNP R /
(mmoL-L™) AHR R % a
0.05 HW 0.410+0.005 e
SD 0.390+0.014 cd
0.10 HW 0.480£0.006 b
SD 0.410+0.002 ¢
0.20 HW 0.470%0.010 ¢
SD 0.480%+0.010 b
0.40 HW 0.4400.009 d
SD 0.530+0.010 a
0.60 HW 0.4000.009 e
SD 0.500+0.010 b
CK, HW 0.51040.006 a
SD 0.540%0.003 a
CK, HW 0.300+0.003 f
SD 0.370+0.034 d

0.180£0.002 ¢
0.150£0.015d
0.210£0.001 a
0.180+0.006 ¢
0.200+0.005 b
0.190+0.010 be
0.180£0.001 ¢
0.210£0.001 ab
0.170£0.012d
0.200£0.001 be
0.220+0.005 a
0.220+0.011 a
0.140£0.005 ¢
0.130£0.018d

0.590+0.005 ¢
0.540£0.029 ¢
0.720£0.011 b
0.590+0.006 d
0.660+0.015 ¢
0.670+0.020 ¢
0.690+0.007 d
0.740£0.010 ab
0.570£0.020 f
0.700£0.010 be
0.700+0.011 a
0.760+0.008 a
0.430£0.008 g
0.500+0.050 ¢

0.049+0.005d
0.039+0.003 d
0.074%0.002 b
0.042£0.003 cd
0.062+0.006 ¢
0.049+0.003 cd
0.052+0.009 d
0.065+0.004 ab
0.0391+0.001 e
0.055+0.022 be
0.09540.006 a
0.071+0.002 a
0.0371+0.001 ¢
0.036+0.002 d

3.4 SNP 2 3F NaCl BB T K X &S &I S
FILESTE R MDA S8

M4m0, 3 P g AR A A AL 7E 0.7%
NaCl Jpig T, 7K K& i SOD i bt CK;
WA, DA A P A 6 R 3 R A T
POD 1 CAT J&PERY A FRAS, 7T RED Ay #h bk i
TIX 2 PRI 2L FE S o 28 0.05~0.60 mmol/L SNP
WAL, 3 Mg ig A EE CK, &g N,  HBE
WL () T v SR IS 3G & 5 BRI . 2 SNP IR
9 0.10 mmol/L i, HW i freh 3 Pl 13
IEBNKAE, b CK 3T 62.4%. 46.5%F1
226.4%. 4 SNP # %4 0.40 mmol/L i, SD %1
o 3 RS PR A B ORAE 23l B CK 3
T 73.5%. 60.5%K1 224.6%. LA LZ5HKW], SNP
AT DATE o 4 v R P 7K B &)y P A A
g CAT 5 PRI Z R TG VEA, R BhE 5t
GELY/BCIDAINEFIEN

7E 0.7% NaCl pi ~, 7K K& 2 F i i MDA
TSR N, HW AT SD 435l b CKy #9n T 236.5%
F1259.3%, £ 0.05~0.60 mmol/L SNP ¥l At 5,
MDA =5 CK, fHIGIH R N, HREWRE I 2
TR BRAR i 39 0 (e %, 24 SNP ¥R JE 9 0.10 mmol/L
I, 6 HW AR B R S5 i, EE CK, BRI T 64.8%,
FCKy i 2 5. MUBEA 0.40 mmol/L I, X}
SD AL B Bt H CK, FRAIK T 66.2%, F1 CK,y
TREESR (KD,
3.5 SNP 2t NaCl BB Tk X ELEMH Fi5iE
Y R = B9 F2 0

0.7% NaCl T, 7K K&y 3 fizidk
Yy mE BRI, HW M SD »5lkk CK, Bahn T
26.6%- 19.7%. 141.5; 55.1%-. 26.8%H1 177.6%, %
0.05~0.60 mmol/L SNP % Ab3 ), 3 FivBi&t4))it
5 CKo AL AN FIFEEE R 0, HLEE AR R T 52
BRAERE 0 E BRI (R 5). HW 76 SNP IRy
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T4 FE/ETKIEHNEMNHFFRENEEFTER MDA 2T n=3)

Table 4 Changes of anti-oxidative enzyme activity and MDA content in leaves of S. marianum by various treatments (n = 3)

SNPJE /(mmoL-L™") #iH52KA  SOD &Y /(Ug") POD &Y /(Ug 'min") CAT itk /(U-g'min") MDA & /(umol-g™")
0.05 HW  140.400+6.840 ¢ 192.160%6.023 ¢ 16.580+1.279 d 10.390+1.810 b
SD 135.020+4.224d 207.160+7.789 d 18.2630.945 d 12.990+1.669 ab
0.10 HW  194.490+5.471a 267.860%+5.106 a 35.230+2.459 a 437040321 d
SD 163.590+8.597 ¢ 248.070%5.969 ¢ 22.260+0.385 ¢ 11.990+1.164 b
0.20 HW  185.340%3.780 b 254.130%+7.340 b 29.250+1.880 b 5.93040.615 ¢
SD 189.350+12.534b  286.880+12.702 ¢ 29.080+3.620 b 8.5101.309 ¢
0.40 HW 17344046274 ¢ 228.07014.068 ¢ 25.610+0.434 ¢ 7.140%0.606 ¢
SD 213.800+4.878 a 303.550+8.333 a 37.670+1.056 a 4.840+0.384 de
0.60 HW  151.980+1.800d 210.4904+9.327d 19.920+2.185d 10.7201.342 b
SD 180.400+2.344 b 244.73042.643 ¢ 25.380+1.038 ¢ 6.81020.570 cd
CK, HW 77.950+4.905 g 157.080+4.099 f 12.600+1.924 ¢ 3.680%+0.173 d
SD 108.160+0.618 ¢ 199.190+2.886 de 14.9300.600 ¢ 3.9904+0.915 ¢
CK, HW  119.730+1.968 f 182.790+3.568 ¢ 10.790+=1.442 ¢ 12.390+0.190 a
SD 123.240+3.11 d 189.180+1.041 ¢ 11.606+1.842 f 14.330-0.940 a

RS FRAEBTKKEHEMFPEELEMREZTNL n=3)

Table S Changes of osmotic substance contents in leaves of S. marianum by various treatments (n = 3)

SNP /% /(mmoL-L™") e

VAR / (mgg )

AEEES /(ngg") R MBE / (ugg")

0.05 HW 4.910x0.078 b 16.830+1.718 cd 9.370+0.720 ¢
SD 4.610£0.455d 17.390£1.366 be 9.730£0.991 cd
0.10 HW 6.740+0.578 a 21.580+1.569 a 15.040£0.803 a
SD 6.240+0.301 ¢ 18.730£1.676 abc 11.06040.195 ¢
0.20 HW 5.910%£0.778 a 19.120+0.994 b 10.710+1.028 b
SD 8.800+0.551 b 20.060+1.039 abc 13.980+1.155b
0.40 HW 4.780+£0.818 b 17.940+1.502 be 9.630£0.945 ¢
SD 10.470£0.977 a 23.060£3.768 ab 16.980£0.734 a
0.60 HW 4.450+0.241b 15.690+1.291d 7.970+0.474d
SD 8.000+1.344 b 21.060+2.605 a 15.350+0.970 b
CK, HW 3.380£0.026 ¢ 12.500£0.675 ¢ 3.160+0.099 ¢
SD 2.480+0.164 ¢ 12.640+1.055d 3.270+£0.054 ¢
CK, HW 4280%0.145b 14.960£0.124 d 7.630+0.126 d
SD 3.840x0.140d 16.030+2.285 cd 9.060+0.195d

0.10 mmoVl/L I}, 4t )vrh 3 FisE A otk 1)
KAH, 43I CK BN T 57.5%- 44.3%F1 97.0%.
SD 7 SNP #5241 0.40 mmol/L I, 3 FBiE M) itk
S KA, b CK N T 172.4%. 43.9%F1 87.4%.
4 it
4.1 SNP ZFHxF NaCl B8 T /K ¥ & FiF & IS0
VE R ERa A, B R s Wi
DA A S S Em A YIS R. Bk, MY

T T e P A T A A ) 9 10 5 3000 6 1K) 3 A s
2o NO A4 i N ol s v, et
Bl i a-TE Ry B E,  I0 I R FL R )
i, N R TR ZE R . SNP Al
NO fit4%, Delledonne Z'2HIEH] 0.50 mmol/L ) SNP
ZyRE77E 2.00 pmol/L 1) NO. #5721 i SNP
AEFERT AP m s A IR A R RFR
BTG 148450 ARBFTAIL, 17E 0.7% NaCl s
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T, K REIRFHURARIENR CRZFFER R
REFFRBOANE JJHREO 22 BA0H]; 0.05~0.60
mmol/L SNP VR AL FE X NaCl il N Fr 7~ i & AH
KARhRA W S GEREIER 32 m (%) 28 B
R, H R IR FE AR 1t = vk FE R,
Beligni 25N RIBF ST 45 5 — 80, AN AR 28 ALK K
XF NO FIRURPEAR], 4Bk 0.10 mmol/L Y,
X HW R EVE 8K 24k E A 0.40 mmol/L Y,
X} SD IR A 45 K

4.2 SNP ZFhxF NaCl BB T 7K K 81408 4 KB 220

FEADAE )y B I AT 6 53 B UK, %)) v RE A IR
J5E ik I R e R AR KR B I CEE. NO
Z 5P 2P R RE, R E . ARF
BKRE S PR KPR A . T A2 e KR
LRI, SNP AbFE AT L4 i R R K FE 4
WiORR R . K. BERRA T R, REESPE
TP BT B A B, SNP ALFRAEAE Shl | &l
L (P S RO R T BRI . ARSI ST 4
KL, 0.7% NaCl s F 7K &2l (1 A K52 2
i, AR, KL BETE AT R IR KT
FEAR: 1M 0.05~0.60 mmol/L SNP &V Ab R Xf
NaCl JBiE 7K & a4l i A W 5 KRR, Gei
PR BRI E NS 7K R 4 P AR RN . 2 SNP
WA 0.1 mmol/L B, X HW A B el s ™4
WPEHy 0.4 mmol/L I, X} SD AL HE R R B i
4.3 SNP Z#Xf NaCl B K KBTS AEIRE
pp=A10)

EhE N AR AR R AR R A A A T, MDA
RN A F e —, HaE 2/ RRE
BT ERERE . NO VB —F s 5 W o 7 ANG
PEEIHBR A, nl LAy b 2 R SRR N ROS
RRR, RAARS TR G G A A5, B oA
(3 v g U0, BRI AN N IBE ST R B, NO
REAT 2 2% fift 25 3381 /N 52 4 AR A 40 i 1 28 AL 4%
i, BEAK MDA R 53 o ARSI RFIT R I, 0.7% NaCl
J a2 A KKy 2 B EA R, A MDA
AR, 0.05~0.60 mmol/L SNP ¥ Ak ¥ g 1]
S BRI A MDA 5, IESE T 4NE NO n] LLZZ iR
SR IE T K KA Sy P R e A A

ERIEE N b ag g N, EEE M
T NaCl b 2R =W is 1k, At aR = Befg: 54h,
NaCl il 2 i 2% b F AR, wob 7S
MR, FHARNRERZ A A mE, Rt

CRARNLGE R, g SRR . BRI, R
SER AN 2N I\ IS TR W Sl e = 1
17 NO FJ LABH S %A SR b R /22 . St IR ot
Fropit SR M gt AR A R, 0.7%
NaCl Jpe &, 7K Qs 4y i i o i 25 5 B St B
fi; 0.05~0.60 mmol/L SNP V¥ &b BE GEHR 1wy 2h il
K KEIL T B AR . MHARER b RIS
Fa, MAh, EREIR SIS P RINE, MY
N BB R A N 2 R0 B R, SRS
k.

NO X2 8k A CRERAT IR RS A, vl i@
R CAT 45 Fr i 20 28 2 1A g 2 MR 1 5
1L 2T 258k PRI % Sk P g S5 R 1) 3 e 1 2 5 A
W 2R I FERY. NO R T & igh
I T ok SR A R ORI R 1 R M TSR B
NO e Eppia F it Ry E§ (SOD, POD,
CAT) &PERE BT, e /N R a5 vt
AR 45 RIS, ARSI oY 45 SRR W, 0.7% NaCl
JRE TR, AKREZN R SOD yE TG, R
EEEH Y A S 2R, POD Rl CAT 3&PE LG IE
KA BTG 0.05~0.60 mmol/L SNP V¥ kb #H
Jei, K REILTEH A 3 RS Y L AR T
ELTIN

ERIIET, FYA P AE A  EeH HL
YR L S N R K A, B n s bR . ]
PR R B RS . BhAth, nIEPERERTT
PR IE BA R B IVE R, IRt B T B
ROS. By 140 Ml K S b v 5 55 EH . R
elOIEE gy W, NO Kb BE AT AR i 7 0 40 1 44 4 i
AIRA TS, BESRAEA BERE ). XITF D)
SRR AR NO S £ R R KRR 3 g it i 48 4k
IRMRAVER R I, NO nJ LR 2 T 1k B 1
i, SREMAE ST . ARSI 45 R, 0.7% NaCl
B, KRBT R TR AT A
FIH R R & & 1 0 0.05~0.60 mmol/L SNP %7
WEERSE, AT R 3 RSB A LA e T
H S .

ANJE NO A3 AT B 4 5 NaCl e /K K&
aifER. itk a e EE, I MDA #.
SCHUHI AT RGO FIAEBGAE P 7 TR . AL
HIE, AR NO B85S SOD. POD. Hl CAT i&1k
Bai, G BT A YR ROS 7K i 17 422 22 it s I 1) et
Fb. MAEBBIENLEIE, AN NO REHE a4+
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Fa4 F2H2013FE 11 H

NS N R, ERELHE R TERE . W]
VR NI 2 R AR B IXRERE ATV K B
BT SR = 0 M BB R T R, SRR ORKRE
R R NG I S8 A o ORI, RE A AR L X Jlh L 18 W 9
—AMER R R . AN NO X T-Z2## NaCl i
8RR AL LA DR T ik 2 A
Jril, RIS B A B A AL R, IX 2

R S SN

FH 0.05~0.60 mmol/L SNP ¥ i Fl b H e

HE0.7% NaCl i T 7K &Rl 0] A& F1 4 v A=
PErRM I S . ASFEREE AN NO U PEA
[, BL 0.1 mmol/L SNP ¥ Ab F X} HW )25 S Bt e
0.4 mmol/L SNP ¥ AbFEXT SD IR0 f5e i o
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