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Abstract: In order to study the adaptability of Sorghum sudanense to salt stress, 10 varieties of Sorghum suda-
nense with different salt tolerance grades were used as materials and treated with different concentrations of
NaCl solution at the germination stage to study the morphological indexes physiological characteristics, and leaf
anatomical structure changes. The results showed that salt stress had a significant effect on the morphological
indexes of S. sudanense, especially under high salt concentration. In addition, salt stress could significantly
increase the contents of malondialdehyde, proline and soluble protein in S. sudanense leaves. With the increase
of salt concentration, the activities of peroxidase and superoxide dismutase in salt-tolerant materials continued
to increase, while the activities of the two enzymes in salt-sensitive materials increased first and then decreased.
Salt stress significantly increased the thickness of midvein, thickness of vascular bundle, thickness of bulliform
cells and thickness of lower epidermal cell of high-sensitivity S. sudanense leaves, and significantly decreased
the thickness of midvein, thickness of leaf and thickness of vascular bundle of high-sensitivity S. sudanense
leaves. Principal component analysis (PCA) was used to screen proline, thickness of vascular bundle, thick-
ness of leaf and thickness of upper epidermal cell as the key indexes for salt tolerance screening of S. sudanense.
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Table 1 Names and salt tolerance levels of the 10 test materials

% Bk Name if £ 9%l Salt-resistant grade % Name il b 2% 51 Salt-resistant grade
NX035 i i High resistance 2707 thifif Medium resistant
GS0227 f i High resistance 97-1 ik Sensitive salts

B 145 Xincao No.1 fif £ Salt resistant 00278 HEE Sensitive salts
519 fif £ Salt resistant 00276 = 4 High sensitive
HZKO0-1 i Medium resistant B478 5 £ High sensitive
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Table 2 Effects of salt stress on morphological indicators of Sorghum sudanense
g E . . g )
ndex Loncentranoln/ NX035 680227 s No | 519 HZK0-1 2707 97-1 00278 00276 B478
(mmol-L ™Y
Hixf 0 1.0040.00%  1.00£0.00%  1.004£0.00*  1.00£0.00*  1.00£0.00*  1.00£0.00*  1.0040.00*  1.00£0.00*  1.00£0.00"  1.00£0.00"
&3 50 1.0740.08"5  0.9240.08%  0.96£0.09%  1.13£0.09*  0.6740.03"  0.540.17%  0.38£0.08"  0.944£0.10%  0.614£0.03"  0.3440.02"
RGP 100 0.8620.08""" 0.820.05"""  0.93£0.07%  0.9140.09""  0.73£0.16°™ 0.71£0.12  0.224£0.09%  0.62£0.07™  059£0.12"  0.07£0.13*
150 0.3840.04  0.68+£0.02%  0.89£0.07%  0.56+0.10°%  0.5940.11°P 0.4640.06  0.07£0.07™  0.50+£0.05  0.39£0.10"  0.0440.06™
200 0.33+0.06"  0.4440.07%  0.69£0.05"  0.27+£0.06  0.39£0.14% 0274003 0.02+0.04  0.17+0.15"  0.08£0.04"¢  0.0040.00"
i 0 1.004£0.00%  1.00£0.00%  1.004£0.00*  1.00£0.00*  1.00£0.00*  1.00£0.00%  1.00£0.00"  1.00£0.00*  1.00£0.00  1.00£0.00*
KR 50 1.0440.04"%  0.96£0.15""  1.004£0.10"* 1.07£0.16"  1.01£0.17" 0.83£0.15°  0.84£0.05""  1.16£0.27  0.93£0.09* 0.75+£0.05"
RGR 100 0.95+0.08" 0994005  1.02£0.08"  0.92+0.13%  1.02£0.18"  0.96+0.17*  0.61£0.08"  0.62+0.13"  0.89£0.18"  0.80£0.18"
150 0.73+0.11%% 0.8840.09"™  0.94£0.15"  1.00+£0.11%  1.03£0.05"  0.6840.12°"  056+0.15"  0.63+£0.10"  0.62£0.11"  0.56+0.14"
200 0.69+0.15" 0.7040.04""  0.824£0.15"  0.89+0.08*  0.64£0.05"" 0.61+0.12"  0.23+£0.04™  0.39+0.15"  0.35£0.13™  0.38+0.02™
Hixf 0 1.0040.00%  1.00£0.00%  1.004£0.00*  1.00£0.00*  1.00£0.00*  1.00£0.00*  1.0040.00*  1.00£0.00*  1.00£0.00"  1.00£0.00*
iR 50 0.74£0.09*% 0.93£0.21*  0.96£0.17%  0.74+0.11°% 0.89£0.20"™ 0.56£0.10  045£0.18"  0.75+£0.34 047£0.03"  0.59£0.01°
RRL 100 0.70£0.10"  0.57£0.12°%  0.55£0.09""  0.56+0.09°  0.93£0.21%  0.21£0.08™  0.29£0.12"¢  0.47+£0.245P% 0.284£0.10™  0.4240.11
150 04240.08%  04540.07"  04940.06™  0.48+0.05"  05240.20"  0.1140.01°  0.1740.08"  0.45+0.19"  0.2240.08"  0.2240.03™
200 0.334£0.04  0.174£0.04  0.3440.12"%  0.38£0.08™  0.25£0.05°"  0.08£0.02"%  0.1240.06™  0.14£0.07™  0.1240.04>  0.00£0.00™
i 0 1.004£0.00"  1.00£0.00%  1.004£0.00%  1.00£0.00*  1.00£0.00*  1.00£0.00%  1.00£0.00"  1.00£0.00*  1.00£0.00"  1.00£0.00*
g 50 1.1640.35"  0.98£0.25""  1.06£0.16™" 09442012 0.70£0.17"  0.88£0.18"  0.89£0.18"" 1.034£0.12""  0.96£0.11°"  0.85£0.07
RSL 100 1.0440.26" 0.7620.20""P® 08540175 0.9040.01""  0.55£0.05™  0.84£0.08"P* 0.67£0.14° 0.7240.22°P 0.574£0.05™  0.574£0.13°™
150 0.640.16M 0.6540.15"" 0.784£0.02"  0.59+0.114"" 0.4940.16"  0.8340.11%  0.37+£0.12™  0.75+0.18"  0.54£0.10°™ 0.36+0.05™
200 0.64+0.11" 0444003 0.59£0.07"  0.51+0.13"  0.35£0.10% 0.4440.02°°  0.240.10" 0324001V 0.3840.06"" 0.2240.06"
Hix 0 1.0040.00%  1.00£0.00%  1.004£0.00*  1.00£0.00*  1.00£0.00*  1.00£0.00%  1.0040.00*  1.00£0.00*  1.00£0.00"  1.00£0.00*
i fif 50 11340.05%  1.0240.13'%  0.934£0.18"  0.95£0.28"%  0.9740.13"%  1.06+0.12"%  0.81£0.11%"  1.1540.15"  0.80+0.08"  0.9040.08"5®
RRFW 100 0.96£0.28"  0.74+£0.15"  05240.08"®  1.06+0.28"  0.83£0.32"%  051£0.12"  0.724£0.14"  1.05£0.12"  0.68+0.23'"  0.78+£0.18'%
150 0.7440.18"% 0.5340.08°  0.3040.13%  0.98+£0.34*  0.5840.28°PP 0.35+0.16™  0.60+0.13°P* 0.78+0.20""  0.4040.18  0.55+0.09%
200 0574008 0.2640.04"  0.24£0.12°°  0.40+0.20"  0.35£0.22"" 0264013 0.40+£0.15"  0.63+£0.24%  0.20£0.14%  0.00£0.00"
i 0 1.004£0.00"  1.00£0.00%  1.004£0.00*  1.00£0.00*  1.00£0.00*  1.00£0.00%  1.00£0.00"  1.00£0.00*  1.00£0.00"  1.00£0.00*
R 50 1.034£0.26"  0.89£0.13%  1.114£0.10™ 087017 0.61£0.04"  1.06£0.04"  0.89£0.13"  1.114£0.22  0.96£0.14%  0.86£0.09*"
RSFW 100 1.0840.22"%  0.61£0.27  0.824£0.16"" 0.76£0.10° 0.43£0.18"  0.98£0.07"""  1.11£0.31"  0.90£0.11"" 0.604£0.07™  0.56£0.14
150 0574005 0.5840.13""  0.72£0.06"™ 05240067 0.424£0.22  0.864+0.12"  0.75£0.09*"  0.89+0.25*  0.50£0.11° 0.3240.07™
200 0.48+0.08"  0.4140.07""  0.54£0.06""  0.40+0.14%  0.37£0.20"  0.7040.10*  040+0.12%  0.37+£0.08"  0.42+£0.11"  0.34£0.20%
Hixf 0 1.0040.00"  1.00£0.00%  1.004£0.00*  1.00£0.00*  1.00£0.00*  1.00£0.00%  1.0040.00*  1.00£0.00*  1.004£0.00"  1.00£0.00*
W& 50 0.90£0.148¢ 1154£0.19*  0.994£0.14"  1.06+£0.27"%  1.01£0.14*™  0.89£0.10" 0.58£0.07"  0.73£0.045%  0.90£0.09*5 0.7440.39"
RRD 100 0.84£0.15%  0.85£0.09"  0.81£0.12"" 0.80+0.28"%  0.81£0.39*™ 044£0.12°Y  0.224£0.02%  0.48+£0.18 0.6940.27" 0.4440.09°
W 150 0.6440.04% 0.6540.06""  0.5040.07% 0.78+0.23"%  0.8340.42%  0.35£0.10P% 0.2140.10"%  0.3540.03F¢ 0.4640.19%PF 0.1740.04%
200 0350038 0.4240.06™  0.39£0.07"  0.24+0.16"" 0.26£0.19""" 0.1940.10°  0.18+0.06"°  0.28+0.09**¢ 0.10£0.09™"  0.00£0.00™
i 0 1.004£0.00"  1.00£0.00%  1.004£0.00*  1.00£0.00*  1.00£0.00*  1.00£0.00%  1.00£0.00"  1.00£0.00*  1.00£0.00"  1.00£0.00"
H#FE 50 1.1840.38"  0.93£0.14" 1.004£0.03"  0.974£0.23"  0.61£0.08"  0.86£0.07"" 0.82£0.15°" 0.964+0.15""  0.994£0.14"  0.774£0.14"°
RSDW 100 1.2140.32%  0.87£0.15°  0.914£0.08"  0.734£0.02°P* 0.58£0.08™"  0.94£0.172% 0.7940.18"P* 0.764£0.21°* 0.714£0.15"P" 0.52£0.11™
150 0.660.13" 0754009 0.78£0.06"™ 0.68+0.12""  0.534£0.12°"  0.8440.12%  0.58+£0.19"" 0572027 0.63£0.14""  0.30£0.07"
200 0.54+0.19"  0.6040.14*  0.60£0.05"  0.58+0.20"  0.36£0.13"°  0.5040.09""" 0.42+0.11°%  0.2140.03  0.50+0.04""  0.08+0.04™

T A S 7 B 7 [l — V% B2 AN [ B s8] 22 5 W 38, AN Tl /NG 57 B [l — BEREAS ] 9% 52 1] 22 5 i 3% (P<0. 05) , T[]

Note: Different uppercase letters indicate significant differences between materials at the same concentration of slat, while different lowercase

letters indicate significant differences between salt treatments of the same material (P<Z0. 05), the same as below
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Fig.2 Changes in POD activity of 10 Sorghum sudanense under salt stress
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Fig. 3 Changes in SOD activity of 10 Sorghum sudanense under salt stress
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Fig.4 Changes in Soluble protein content of 10 Sorghum sudanense under salt stress
3 iTtit fiif £ A4 R MDA 5 & 5 20 F b o R, 54

3.1 HpEXNEYESERNE N

YA T ARK LT 230 8oy,
P02 B A7 v BE AR W T R ) DA K T 38 B[R]
SRR T B R VR B A3, T
SR PO R S EP O A S S EPOR S NI ED O S SN
AEH AR fif T RE X 2 6 F A OO AR T A ZE R
ST I N N A 1 i N o T o
K. BAEFFEANBRRZBBNEDHEREE
By i BAT MR R 5 A Y 45 R — B

h i 18 X 48 ) A 2R A A Y R 1

TR A My 38 T 25 7 A R B9 T PR 4, A
A 52 B4 1 . 9 (MDA J2 41 it 5 AN 1
G 197 R e Az 3 SR AR A TS B A B 7= 1, He 5
e A0 P12 M 52 450 4 0 S IE LE L 15 BT 3 RE T R
PO MR AR N BT S B, AN T T A ) e e A
BHA MDA 5 i 75 £ k30~ 249 Bl 35 58 e 5 19 T i i
A I T R R 0 0 R R N TR AR B

3.2

WFoT SR — 3 mh/RE T e S
14 AF 9 o 2 B, B 2 Tk R R sF ) 0 38 o, R o R
N RS R s

A AL BECPOD F1 SOD) S AH ¥ N T ROS 1Y V4
W 00, A SR A 0 52 0 20 85 A ) R B AE AR R
POD {E 2y 35 1 i , 32 223 bR 300 58 W 38 1 AR 04 9 7
A T PR AR T DR R AR BAROK T U X
F 22 G 3 W A A8 47, LI T o I SR AIE A A P g
JIHY RS . SOD VE b 2L R4 il , 7] LUTE B A
RN AN R RE N STERTT DA N i) v =W A - S R (EN il i DA
227 A AR RE 1 B (9 ROS™ . 78 A BIF 5% Hh it 26
Crap it (Tt 5 A D 250 PFER R POD A1 SOD g i
P ¥ Bt ok VA R A T e 2 B A A i kL (E
HCER CRECER R SO A RE ) POD R SOD il 3% 4 1) 5
PR3N S N B 0k F, AT e R PR A T R 5 g e
TORAF I o KT 0 B AL T T P TR B R e
Ak T IR R A S, AR B 38 R 98 PR R A i POD Al
SOD il 1 1 2 15 1=, T B A 9 1 9 7= A6 1 A il
B&, LAB IE 40 032 2045 5, 40 SRR A i K 32 0



%28 H# L% NaCUPR G X IR RO 25 A R S ) 254 7 52 525
[_INX035 GS0227 FEE1 K] 519 [ HZKO-1 [ 2707 [ 97-1 [ 00278 [ 00276 [ B478
250 1 250 250
Z 200 200 | 200
1 20
gé 150 - 150 150 +
=
® 5 ABC
£ ABCJAB c
EE100f AXBCB‘:AB‘QESCAB%’ aBd | 100 Adply ABd ABCOdpy cpe | 100+
S !
= 50t 7% 50 b 50l
0 0 0
0 mmol-L! 50 mmol-L-!
250 - 2508 Aap,
S )
Z 200 200} Ca
= b £
il
E
E21s0p 150} oy
e g Fa Fa
EZ 100} 100+
o
2
= 50t 50
0 0

150 mmol-L™!

200 mmol-L™!

5 BMETIORAAEHERSETN

Fig.5 Changes in Pro content of 10 Sorghum sudanense under salt stress

6 NXO035M f g &l 454
Fig. 6 Anatomical structure of NX035 leaf blade
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Table 3 Thickness of midvein in different salt tolerance levels of Sorghum sudanense leaves under salt stress H.{v : pm
W Fi1Y
Concentration/ NX035 6S0227 N 519 HZK0-1 2107 97-1 00278 00276 B478
(mmol-L) Xincao No.1
0 1566204797 142.2349.06  MLBAE6.117  152.3049.04 158534781 149587925 165.9516.94 1735045865 197.149.10™  185.4244.96""
50 168.1148.545™ 1597541214 151.8747.92"  167.2648.60° 151254785  145.07+£486™  13810£7.0470 175.75£7.92"%  183.9546.20"  172.444805"
100 17822541 163.231 11474 146.0523.70™  170.90416.48™ 155.11£4.74" 163.18210.374% 158.0321.53"P® 1525041532 146.35£8.69" 16904808
150 181.397.00™  180.4448.66"  167.81£3.78" 186.58213.68" 16004189  158.96£17.01°  150.2143.45™  148.98+13.31°  15430£16.84°  166.13%5.39""
200 20304£2047% 220.88£22.00"  141924.56°° 149.87£9.10°  147.8647.02%% 150,634 5750 1447844435 128.6348.45%  147.91411.08°° 152.63+5.37
Fx4 HPETAAMHARNFAERRFEE
Table 4 Thickness of leaf of different salt tolerance levels of Sorghum sudanense under salt stress A pum
B Concenation 680227 HE1S 59 HZK(-1 2707 97-1 00278 0276 BATS
(mmol-L™") Xincao No.1
0 98.6914.55%  97.024127%  8546+11.76""  80.0613.14%  SLAARASNT 79332220 9428270 97.19+354%  100.04£3.22% 95414729
30 9T.00E15T  89.66+8.50"  90.00£6.28™ 83481 7.13%  SA8ETTY™  8162£395™ 9297600 921226.20" 9764657 859644511
100 80.1249.83%  88.9243.02"  9L1048.15"  854546.82% 782457 86.88E5ILM 88.00LLITM  88.08£10.56™ 8873087V 86.1040.99"
150 9350+£3.58% 92064271 9L.07£3.33"  86.9040.84%  00.5142.61"% 83724916 87304160 91944229 923246710 810042507
200 80.67H4.10%  87.2246.17% 8133427 82514385%  GLTAL2TM 8270£876M  83.91432"  84.09+4.35%  S484E39IM 69.64£728"
x5 HMETARMEBRINFFETRLEERER
Table 5 Thickness of Vascular bundle of different salt tolerance levels of Sorghum sudanense leaves under salt stress F{i : pm
I Concenrton/ o GS0227 LG 519 HZK0-1 2107 97-1 00278 00276 B478
(mmol-L ") Xincao No.1
0 SLALE0.62 49050687 55772091 5844057 48972087 57.624£120"°  50.6020.68%  56.6211.24™  69.0710.82%  67.68+0.62
30 0951ELI8™ 558720655 59.31£050°  59.2110.66™  63.71£048"  50.19+068% 586705 60.0210.24™  65.4310.89"  62.01x1.09°
100 60.6910.96"  59.80E135""  65.0220.83"  63.6810.46% 63482062 58182016 53.660.66™  58.13E154™ 6465117 60.56+098"
150 63.88£0.62% 6261057 6LATELPY 605210917 LI0L067  55.85£063%  495THOGGY 542640657 58.80£087°  58.80+0.62
200 66.42£0.63%  67.0111.5" 537640485 55.0900.75%  56.01£0.86™  55.394061™ 488040277 52I8E0T4F  56.89+£0.32%0 57644038
6 HBMETARMEBRINFAEHREEREARER
Table 6 Thickness of vascular bundle sheath cells of different salt tolerance levels of Sorghum sudanense leaves under salt stress
7 :pm
B Coneenttion oy o GS0227 LG 519 HZK0-1 207 971 00278 00276 B4T8
(mmol*L.™") Xincao No.1
0 1L50£145™  10.00£150"  12.204140% 1081112 10.23£0.39"  10.96+1.13%% 925015 1010£017"%  12.212041%  12.3320.29*
50 12224097 12824177% 11982080 1141£099M 1194097 1099£0.01%  1095+1.68%  1128+0.62% 12524126 12124031
100 10614303 12204107 1206£171  1L71£192% 10881047 11274091%  102540.65%  110240.63%  1166+£068%  11.92+0.30™
150 1228£039™  1L71£1.25"  126441.09% 11374056 11492163 10.60+0.52°% 990067 10.70£056"%  11.3120.344%  11.37+0.86*
200 11072068 1162£172%% 10362071 10402087 117921418 12204156 9962067 102£0.84%  1L67R0.60"" 11444054
Fx7 HBPETARMERINAAENTRBREREE
Table 7 Thickness of Bulliform cells of Sorghum sudanense leaves of different salt tolerance levels under salt stress H.{7 : um
I Concentraton/ Gs0221 LG 519 HZK0-1 2707 97-1 00278 00276 B478
(mmol-L7") Xincao No.1
0 ALS2ELIET 22564097 22534091 191841287 228040.98%  25.77H168™ 29340850 28714132 3453+£033%  38.1640.49"
30 29.2520.84"  29.372081" 2855116 24604043% 24322189 2558144 32.9220.97%  3318£1.62% 3148094 3359%151%
100 3044176 31.20£2.05™ 29762 1.66M  28.374139" 33204 104™ 28554058 32.02E L1 36.39£2.41%  28.91H0.74™  32.33+146"
150 33301710 3108180 LALLM 28731540 37.7510.96%  3575H0.07M 27562165 33.53E 180" 28.2310.56%  30.6242.657%
200 39530845 32704201 32104071%  32.004£165%  38.03E131%  37.99E162'% 233040517 29204064 25504084 24184147
S vh R ) 6F K Gy IV 3R SR 35 N RE Y it R EEARZ AN . A & B T O P A R )

A [R) B4 AR W A R T30 R R A BK R R e A D

Fi v T IS JEE 2 R R T 0 A e T AR BE A R
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Table 8 Thickness of upper epidermal cells of Sorghum sudanense leaves of different salt tolerance levels under salt stress
A pum
I Coneenttion o GS0227 LG 519 HZK(-1 2107 97-1 00278 00276 B47S
(mmol+L™") Xincao No.1
0 12055004 12732052 11964086 1190£0.21% 12194037 12044080% 16381128 1441105 14.244076%  15.984+0.76"
50 12934026 12.3340.32%  12.3940.39%  12.0720.83%  12011£044%  12134080™  15.3240.39™ 1318055 13.9240.80°%  14.1040.76%
100 1226£108% 11824045 12552091 12.28£0.26"%  12162034"%  11.8920.52%  1377£0.97" 12524086 12.7820.614  13.3320.54*
150 1297£066™  12.334089"  114720.94%  12.2820.09" 12522041 12425046"F  12.4910.96M"  12.34£042%  12.1820.734  12.3350.59**
200 12052050 11474092% 11922048 11752040 1253£027%  11.8620.52% 1134097 10102068 10902032 11.060.70°
9 HHETAAMERANFAETHF TREHARE
Table 9 Thickness of lower epidermal cells of different salt tolerance levels of Sorg/mm sudanense leaves under salt stress
FAA :pm
HEE Conentation oo 6s0227 LY 519 HZK0-1 2107 97-1 00278 00276 B478
(mmol-L™Y) Xincao No.1
0 12942091 15494098 16.12+142°¢ 15412053 1581£048% 16724037 17.29£051%  155TELIET  1861£1.02"  18.85+0.83"
30 15.9940.66%  16.80+0.65""  18.0140.74™  16.424072%  17.742045"  17.07£0.28™  19.38£0.95"  17.98£0.67 189810497 20.5540.72%
100 1868£1.02°" 17584079 18.9520.92°% 1901£1.08"  1873£032°" 187440325 22.1810.78"  19.0120.89%  20.93£0.04%  21.19£0.50*
150 20262049 21202122 20.6520.76%°  19.7940.68°% 195720217 22.124£065% 20324120 183020277 18514132 19.73£0.3350
200 20704065 22084179 2114+0.85" 20264175 15804032 1976£106"0 17174065 16.0510.82° 16254096  17.8641.16%
10 ERH S
Table 10  Principal component analysis
S50 Index Ay Component
PC1 PC2 PC3 PC4
[ MDA —0.901 0.320 0.105 0.026
i ALY POD 0.812 —0.249 —0.022 —0.010
ALY E AL SOD 0.874 —0.122 0.164 0.358
AR TSP 0.940 —0.097 —0.143 0.097
Jifi 1% Pro 0.962 —0.151 —0.059 0.021
KR TMV 0.500 0.479 0.353 0.370
R R TL 0.344 0.110 0.782 —0.029
HAEREAZTVB 0.200 0.950 —0.061 —0.048
A4 AR 20 i B TVBSC 0.361 0.862 —0.232 0.109
IR 20 52 B2 TBC —0.560 0.176 0.379 0.347
R IR TUE —0.448 —0.357 0.191 0.736
TR ANMEE TLE —0.141 0.047 —0.777 0.520
Btk % Contribution rate/ % 42.636 18.828 13.667 10.195
23 BTk %% Cumulative contribution rate/ % 42.636 61.464 75.131 85.326
G A DB =R e DS R SR S ER O 2 B % WU /N R AT R R L AR AR ) 59, 7
1 A4 Rk R i e B TG W 26 R e R CRICER L AR 3 T o G54 1 B IR, AT S B )R
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