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Physiological and Biochemical Responses of Silybum marianum
to Salt Stress at Germinating and Seedling Stages

ZHANG Xiaogian, WANG Kangcai® ,ZHANG Yannan, WANG Qian,CUI Zhiwei

(College of Horticulture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract; To explore the responses to salt stress in germinating stage and seedling stage of Silybum maria-
num (L.) Gaertn. (white rind type, HW;black rind type,SD),and compare the salt tolerances of two S.
marianum cultivars. Treating the seeds and seedlings of two S. marianum cultivars by different concentra-
tions of NaCl, germination energy,germination rate, bud seedling,seedling growth condition and physiolog-
ical and biochemical characteristics were observed. Results showed that: (1) The germination energy,germi-
nation rate decreased under NaCl stress. The low density NaCl showed promting function and high density
NaCl expressed inhibitory function(HW :NaCl concentration==0. 5% ,SD: NaCl concentration=0. 3%) on
the bud seedling growth. NaCl has great influence on radical, plumular axis length and fresh weight,and
has no significant effect on dry weight. (2) The content of malondialdehyde (MDA) increased in young
leaves,while photosynthetic pigment contents decreased. The low density NaCl showed promting function
and high density NaCl expressed inhibitory function(HW ; NaCl concentration==>0. 9% ,SD:NaCl concentra-
tion==0. 7%) on the seedling growth. The soluble sugar,soluble protein contents and activities of protec-
tive enzymes (including SOD,POD and CAT) increased at first and then decreased in young leaves,among

them,soluble sugar and protein contents decreased significantly than that of control when NaCl concentra-
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tion was 0. 9% ,while the activities of protective enzymes decreased significantly than that of control when

NaCl concentration was 0. 7%. Proline content increased continuously. It was found that NaCl effected bud

seedling growth by altering the ability of seed imbibition at the seed germination stage,and S. marianum

seedlings could promote the osmotic substance contents and activities of protective enzymes to relieve the

damage of NaCl at seedling stage. The ability of salt tolerance at seedling stage was significantly stronger

than that at germinating stage of S. marianum,and the ability of salt tolerance of HW was stronger than

that of SD.

Key words: Silybum marianum (L. ) Gaertn, ; NaCl stress; germinating stage; seedling stage; physiological

and biochemical characteristics
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Table 1 The seed germination of two S. marianum cultivars under salt stress (n=5)
ﬂ;ﬁ? & % % Germination rate/ % R 3 ¥ Germination energy/ % b8 Salt injury index/ %
Concf/“%a“"“ HW SD HW SD HW SD
0 85.3+1. 34aA 80.8+5.69aA 76.7+2.72aA 70.8+6.31aA OeA 0dA
0.1 80.8+3.19abA 75.8+1.67aB 69.2+3.19abA 68.3+6. 94abA 5.2341.95deA 6.142.06dA
0.3 71.747.93bcA 65.0+4. 30bA 60.8+6.87bcA 62.5+3.19bA 15.849. 30cdA 19.6+5. 33cA
0.5 65.8+9.95¢cA 57.5+5.69cA 58.3+8.82cA 46.7+2.72¢B 22.8411.67bcA 28.8+7.05bA
0.7 60.8+7.31cdA 53.3+6.09cA 56.7+4. 71cdA 35.0+4.30dB 28.7+8.66abA 34.0+7.53bA
0.9 50.846.31dA 33.3+2.72dB 49,244, 19dA 27.5+1.67eB 40, 4+7.40aB 58.8+3.37aA

T HW. R B AL SD. SR AL B RAL A Tl/ING T B 7R Ak BIRD 22 53 18 0. 05 20K F s R TIR S 5 BE R JE ] 22 52 1 0. 05 W3 Ko F &l

Note: HW. White rind type; SD. Black rind type; Different lowercase letters indicate the significant difference amomg salt treatments at 0. 05 level; Different cap-

ital letters indicate the significant difference among types at 0. 05 level; The same as below.
F 2 NaClBME TR CEIFHEKIERHETN

Table 2 The changes of bud seedlings growth characters of S. marianum under salt stress(n=25)

bk B Salt concentration/ %

L K
Characteristics Types 0 0.1 0.3 0.5 0.7 0.9

JRAR K HW 6.04+1, 43bcA 6.50+1, 65bA 8.76+1.25aA 4,862, 08cA 3.36+0.81dA 1.8040. 76eA
Radical length

/em SD 5.4841. 46aA 5.8040. 72aA 5.3641.47aB 14,2040, 97bA 3.084:0. 94cA 0.7140. 23dB

e HW 3.6941. 36¢B 4,6341.24bB 7.1140. 92aA 3.2841. T4cA 1.6320. 46dA 1.4940.47dA
Plﬁf;ffcxls SD 5.6740.77aA 6.00E1. 61aA 4,751, 23bB 3.3241. 04cA 1.6520. 45dA 1.07-40.27dB

B HW 0.201%+0.085bA  0.20040.057bA  0.34740.066aA  0.163£0.064cA  0.089%0.044dA  0.096=40.033dA
Fres}‘,,/rvgvelghl SD 0.21940.051aA  0.231£0.071aA  0.1890.049bB  0.14240.048cA  0.08840.022dA  0.06140.011dB
o TE N HW 0.01340.002 5aA  0.01440.002 9aA 0.015+0.002 2aA  0.013-0.001 1aA 0.014-0.002 2aA 0.01340. 004 0aA

ry weig

)

/g SD 0.010£0.001 1aB  0.01120.001 6aB  0.01040.003 0aB  0.010£0.001 5aB  0.010£0.001 9aB  0.009%0. 002 2aB
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S, BB 30 e B 0 1 2 T R R A #E NaCl ok B
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AEJ) 25 THW AR EokF L 24 28 K R
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Table 3 The changes of seedling growth characters of S. marianum under salt stress(n=20)
$t7 K0 VR BE Salt concentration/ %

Characteristics Types 0 0.1 0.3 0.5 0.7 0.9
LSS HW 14.56+1. 08dA 15.73+1.65¢A 16.541.65hcA 17.04+0. 90bA 18.76+1. 25aA 12.80+1. 29eA
ROO}/(,lf:glh SD 13.814+1.12¢A  15.2440.72bA  16.0440.73aA  14.82+0.77bB  12.9340.77dB  10.71+0.23¢B
) HW 16.694+0.72dB  19.54+1.23bB  20.09+1.69bA  22.1140.92aA  18.28+1.14cA  15.68+1.32¢A
a,féilht D 18.3241.04cA  20.67+0.77aA  21.00+1.61aA  19.65©1.24bB  16.6540.45dB  15.47+0.93eA
E HW 29.61+3.34dB  38.50+4.58bA  40.1145.61aA  54.714+4.46aA  36.284.38cA  27.43+2.87eA
Fr“h,,/vgvelght sD 30,1844, 82¢A 41,9445, 13aA  43.0544.66aA  38.924+4.92bB  28.8442.22dB 26,071, 14eA
‘ HW 2,840, 32bcA 3.0640. 22bA 3.1440. 27bA 3.4140. 81aA 2.97+0. 32bcA 2.6140.56cA
bry ,,V/ngght SD 2.5840. 45bcA 2.73+0. 30bB 3.0540.47aA 2.65+0.23bB 2.4440. 39bcB 2.3240.32¢A

R4 NaCIBPE TR CEHNHEM AP XREERESENTL
Table 4 The changes of photosynthetic pigment contents of S. marianum under salt stress (n=3)
1k Fem +h ¥k i Salt concentration/ %

Characteristics Types 0 0.1 0.3 0.5 0.7 0.9
4K a HW 1.04+0.003aB  0.87+0.102bB  0.710.061cA  0.554+0.003dB  0.45+0.022eA  0.32+0.0391B
,/(mzh.l gﬂﬂ ) SD 1.1140.012aA  0.96-£0.097bA  0.81+0.088¢cA  0.65+0.010dA  0.5340.047eA 0,400, 0461A
MR E b HW 0.514£0.009aA  0.45+0.104aA  0.4240.088abA  0.37-0.040abcA  0.3140.067bcA 0. 2540. 048cA
,,/(mz,h.l ;1 ) SD 0.4840.005aA  0.44%+0.075abA  0.4140.068abA  0.370.018abA  0.3420.073bA 0. 2340.074cA
KNG MR HW 0.20£0.002aA  0.18+0.032abA  0.154+0.042bcA  0.1340.014cdA  0.1140.014dA  0.09-0.019dA
,,/(mgbf"gﬂ) SD 0.1940.004aA  0.18%0.012abA  0.170.014abA  0.154+0.017bcA  0.1240.025cA 0,100, 041cA
R /b HW 2.0540.031aA  1.9540.267aA  1.7740.497aA  1.4840.165abA  1.0740.336bA  1.79+0.473aA
Chl'a/Chl'b SD 2.2840.050aA  2.20%0.172aA  1.98+0.121aA  1.7740.061aA 1.64+0.479aA  1.94+0.825aA
bl 3 HW 1.5540.012aB  1.324£0.205bB  1.1340.041cA  0.91£0.037dB  0.7620.060dA  0.5740.082¢A
Chl SD 1.5940.006aA  1.39£0.171bA  1.2140.155beA  1.03£0.028cdA  0.8720.073dA 0. 6320, 085¢A

/(mg+g™ 1)
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Table 5 The changes of antioxidant enzyme activities and MDA content of S. marianum under salt stress(n=3)
i o ki Salt concentration/ %
Characteristics Types 0 0.1 0.3 0.5 0.7 0.9
SOD {ﬁﬁ HW 90.1842.905cB 111.16+3.634bB  128.74+1.260aB  131.17+1.289aB  106.74+3.298bB 48,6742, 878dB
Sy SD 108.284+1.517¢A  126.51+1,085cA 138, 36%1,696bA 146,58+ 1. 446aA 113,59+3.306dA 61,6352, 0961A
POD (Sﬁ HW 160.41+£7.916dB  170.44+4.911cB  217.50+6.591bA  258.76+1.429aB  179.46+2.896cB  143.19+1.126eA
/'(UP.()gQ?C.U:;E;‘:fl) SD 199.19+2.886¢cA  203.6942.660cA  215.12+7.749bA  298.21+4.933aA  189.18+1.041dA  130.2741.284eB
‘CAT (?jﬁ HW 12. 8441, 386cA 13.3440.165cB 24,224+2.071bB 35.27+3.326aA  10.65+1.513cdB 7.1241.347dA
/(UL,A; Y ., sD 14,9340.600bA  16.34+1,057bA  27.57+1,591aA  30.22+1,882aB  11.61+1,842cA  6.86%1.511dA
MDA {5 & HW 6.610.080eA 8.8541.071dA 9.7440.816dA 11.76+£0.017cA 13.33£1. 144bA 15.5540. 672aA
,/’h(/liﬁlc?ngl?}l) SD 5.57+0.127¢B 6.4840.122eA 9.3840.233dA 10.99+0. 403cA 12.39£0. 190bA 15.334+1.159aA
F6 NaClBpBTACEYEH AR EERMRIENTUL
Table 6 The changes of osmotic substance contents of S. marianum under salt stress(n=3)
ik ERGR S kg ERGREE s s e B M R i
Salt _ Soluble protein content/(mg+ g~ ') Soluble sugar content/(mg+ g~ ') Free proline content/(mg+ g~ 1)
concentration
HW SD HW SD HW SD
0 3.424+0.651dA 2.86+0.012dA 8.44+0.099bA 7.65+0.799¢A 3.6540. 152fA 2.9240.239¢A
0.1 4.29+0.688cdA 3.62+0.841dA 8.86+0.225bA 8.97+0.492dA 4.66+0.190eA 4.2040.591eA
0.3 7.1140.332bA 4.69+0.533cB 9.4540.752bA 10.8940. 751cA 6.2040.187dA 7.29+0.710dA
0.5 11.1240.570aA 7.85+0.161aB 9.0740.577bB 12.2940. 638bA 9.0640.195cB 13.79+0.633cA
0.7 6.7740.739bA 5.6740.470bB 14, 60+£0. 638aA 16.23£0.577aA 13.32+0.892bB 16.98+0. 734bA
0.9 1, 9440, 418cA 2.80+0.651dA 7.2840.408cB 9.71+0.061dA 17.347£0.217aA 21.46+2.165aA
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