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Effects of Saline-sodic Stress on the Blade Structure and Resistant Indexes in Sweet Sorghum ( Sorghum bicolor
L. Moench)
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Abstract: Sorghum (Sorghum bicolor L. Moench) crop has been considered relatively more salt tolerant than other cereals and has the poten—
tial as a grain and fodder crop in saline and alkaline soils. However, only a few of the cultivars can thrive under high levels of salinity. Genetic
improvement of Sorghum bicolor for salt tolerance is of importance due to limited arable land and increasing salinity coupled with population
pressure. The objective of this study was to investigate the effect of saline-sodic stress(mainly composed of Na,CO, and NaHCO;) on the blade
structure and evaluate the salinity tolerance of two selected sorghum cultivars(314B and M—81E). The results showed that the leaf thickness,
midrib thickness and bigger vessels diameter of the two sweet sorghum seedlings were significantly decreased under saline—sodic stress, while
the upper epidermis thickness, lower epidermis thickness, upper stratum corneum thickness and lower stratum corneum thickness were signif—
icantly increased compared with the control group(P<0.01). Results further indicated that starch grain and osmophilic globule number in
chloroplast were significantly increased (P<0.01), and the matrix was separated from the chloroplast envelope. In the mitochondria, the num—
ber of ridge in the inner coat appeared to decrease and even disappear. The plant height and stem base perimeter were reduced dramatically,
whereas the chloroplast pigment was signally increased (P<0.01). The relative permeability in leaf plasmalemma and the content of proline
was increased(P<0.01), and the content of MDA was different between 314B and M—81E. The activity of POD and CAT was significantly in—
creased and SOD was decreased (P<0.01), under salt-affected soil conditions compared with control. Based on above data, it was concluded
that the M—81E is much resistant to saline—sodic stress than 314B. In conclusion, sweet sorghum tolerates saline—sodic stress through the
changes of the leaf structure and the physiological substances and the resistance is varied among different varieties.
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- ER VAN 2 A 5B A M TG I Y A
BB —, & BB EY & 7= 1 — 1 F 2
R0, H A Ll NayCOs Fl NaHCO, iy F 2 Eh TR 43 19
MR TER R, pH (B R , TR A BY,
XTHEY ) fEFE LN ™E . BT Na,CO; F1 NaHCO; 1Y
ff R, T AL Na & 2 (ESP) &, MY 7EX K
T EEF R E R AU Na R EMERA , [FIEHA2 KK
PR pH BhAE , B, 38 FAEX 28 3 ERp R A1
YRS R A R o FF RS T i T 3R - e
TERIRESE, A BEZENESMETEN, fER
[Sorghum bicolor(Linn.)Moench]/& C4 1854, £ ¥ 5= &
L APRLAT B A R SR E R, TSR,
Ak, FifE R B A DU R (7 T AR T
TR AN TR R, TR R R R R A
PRik -t B HEATRNAE, SRl TR AT ERBR R A A
WY,

B AT R R SR SR A B oY A TR AEXT
R (40 NaCl) it 38 B¢ i BB, 77 X0 st 6 i 38
5T, BFSRERE , Shisbhia T o IR a3 F e 22
FR I R R G5 | SR AR 2R A TS A, I
e o s P BB AL S BT B AL R A, itk
A SCHERT 18 AN v 3 Bl R AT BT R Btk 7 228 110 2
fili b, B 2 hUi B 2= F R m A AR, 2 T
FTER B 1 X = SR A . A
LRI R IR G B R PUS R AR B, BTN
I B v SR SO IR AT AR R A B e AL, AR
T8 YU AT ER TR 18 B TG S B 8 AR Ay o R
FRMSE,

1 #REFZE

L1 #RHEFE R AL
1.1.1 #H4}

RIS RO EE R 314B F1 M-81E, 4351 i 2
TLA R BB R P AT AR AL A RARB 2 BE s T 5 BT
RS ARSI 5 FU A TAE SRR R R b Al e 3y
X AT BRI B — e, (BRI ZE R
FEFSLIRRY 18 A Fpr, 314B it 5 22, M-81E ifif
PR
1.1.2 #pEs

8 A LA, PRBURMER R T2 5% K AR
FHIHEE 10 min, ZERIBK syt THR KPR 12h )5
BMAEBK LR, EHEES

MK ZE2MHEN(6d)E), B 20 MRAEKAXT—2
PR RN S UL
1.1.3 Ehiria ab 3

A Hoagland & F£BCR- B8 LR NaHCO; 1 Na,COs
FREE /R E 501 B i AR Vi B R 50 mmol - L7 IS RAE A
AT ERTRAE W (pHO.27 , Fh F 2.79% ). TR R4N
WK ZE 2 mhEr, X4 (CK) A Hoagland 5%
(pH6.69, 2hE 0.38% )i HE , A FHAH B WOERE . LA
JEfE 3 d B 1 IR, MARTE B ARSI T35, TN Bl
Ko B 3ANEE 4038 3 JF S BUREIE & THEH7
1.2 MEBRREFE
1.2.1 M SRS A I Kl

FESE A REEE 4 vt F PR AY 32 BN SR T S Bk Y
B , BURE TR AR 5 mmx5 mm, i FAA 3R €,
BEEEMIENFTULRRECEM R RRYH
FERK , A s, RS R E 10 pm, 40 - [ 4 —
YL, P AR 7E OLYMPUS J62% B i
TR Er FEE S KREER P IKEE .
FTFREEEM LT ARZERE, 8030 10~
15 NREF, B9, R34 T B AH
1.2.2 I IS (AR 5+ A LR B I

FESEAAEEE 4 i Fr FhsRE T 3 kA N BRE
BOFETEI AR 2 mmx3 mm, 57 BV BCA I 1 [ %€ ¥ (pH
6.7,2.5%) , RS EMSIEN HFUL, [E5E 24 h )5
FABEERZE #1 ¥ (0.1 mol - L) sk 3 ¥k, 7E 0~4 CTF
iR (pHT.2, 1% ) 8152 4 h, BERRZE Ml ik 3 9K, Z
BB K , Epon—812 IR &M iR L HE 5 A, LKBV 7
R A ALYI, BEERSUR A A B RR A S Y £,
H 37 AR H-7650 7335 5f B8 AR 0 BRI 204, WL
T2 SRS AR T I G P A SRR . SR
KN (LIEXTEFR) Rt s e MR o rg 4R
¥, AAALFEILIN 20 ASRLEF  BOSE .
1.2.3 KI5 MER Kl E

ERHE 3 )G, WAL 314B F1 M-81E & 4bH AN
TR AERRDL . B FELPRE 10 BRAES RN 2
P EEFRLE (UK ER ),
1.2.4 A BEFEFRIIE

B 3 A, SABEBEYLTEE 20 FRAEY
gkt IR G, VLR BUR &4 3 (rif 1T B 348
PRI AR, AR R A B R A 80% N FIE $Hk , 7E
645.652.470 nm P FIEBRAAE; BUBEAMIXT &%

(50~100 H)HIE#F , 5 3 Qﬁégﬁi a@%&@%;gfgmﬁ;giﬁ;i
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Mt a3, #E 520 nm K T E RSB RE(E ; MDA &
B ERAMARE L ZERR A, fE 532,600,450
nm A E T 6 (E ; SOD 3% 1 0 <2 SR A 4Rt Y
e (NBT) 64k 38 Rk, LAl NBT S64bid i 50% 1Y
FEEEA 1 MBS F1 507 (U ) 5 POD T 10 R SR F A
BIARBYEAD: , LA ODyo B3 4075 4K 0.01 1 1 AN TE
F1BAE (U ) 5 CAT & 100 X8 SR A 28 SR , A OD oy
B4R 0.1 FRR MBRRCEN 1 ANTE 1 B0 (U ),
1.3 #ESEIT o

$ 48 A SPSS 16.0 Fll Excel #AFHEAT ST 40HT,
R FH B 2 7 2253 HT (ANOVA ) F1 3 & 4% 22 3 (Dun—
can) FLE [F] — S AP AS R4 HE ] 9 22 57 B 34, P<0.05
A GIHTFE L. BUEA P HEAREZ

2 GRESW
2.1 HITERHEX A B RIS R E M #FE
IR

W 1 PR, FRATERBERE I , TR SR
314B il M-81E it F BB KR E AR K SFE R
PR .2 A8 /N (P<0.01), AP i b 314B ) P KR
JE REIELE A IR EET BRI 21.9% , T Fh M-81E

{UFEAR 8.6% . ERBRM A AT SR B LT ARZER
JERE N BRI, TR R R, EhAR a7
AR EREEE CGRITERAREE
) FEATCRE M
2.2 FHITERBAMEX AR R ERGH M FHE
AR B RSN R

FH3 2 WL, AR FTEhAsb 38 T v S i e 4 o
SRR B A 1 I, (AR B3 (P>0.05) . TRk
KBS0, H5Fp 314B iR FHk 8 3 (P<0.01) ; M4
TR T 2R BE(P>0.05), 55X AL, Eh58H
3T PO 3R o e e g e ) S R e T R e
LR B 2518 i (P<0.01) , i Fh 314B BN 4EHR 43
F XY B R 18.7% 11 159.4% , i Fp M-81E | 43 51| &
17.8%F01 95.0%,

FA 25 5% B B LS R B4 0 i R AR R 2ok
TR BIMEE R 1, SRR C4 MY, HAE B A
pEnT AR A RN S ER AT AR (E 1,1-2),
M-S Ak v 5k S R AT S AR S T HEST , SE MR
FEHE SIS TR AR A B Y I (AR B 1) A o AR ER R
JpaE R AR P SRR R B IR R, R L BT
FBMER R BT, HF R H T, R RE

1 FITEWEHHE X B S RM A EN SR RN

Table 1 Effect of saline—sodic stress on anatomical structure of sweet sorghum leaves

314B M-81E
IiH

CK Control 7338 Stress CK Control 7338 Stress
I FJEE Leaf thickness/wm 113.9+3.2A 106.3+1.1B 117.5+2.1A 112.8+1.4B
kB RE Midrib thickness/pum 719.8+4.6A 562.2+8.9B 604.6+4.6A 552.7+6.0B
RASEHL Bigger vessels diameter/pm 52.0£0.9A 44.7£1.4B 44.5£1.6A 37.9+1.3B
FFZJEE Upper epidermis thickness/pum 26.8+4.2A 25.9+3.4A 27.9+2.4A 28.0+£2.2A
TFEZJEE Lower epidermis thickness/um 23.7+2.5B 25.9+2.8A 25.2+£2.7b 26.5+2.6a
A ZERE Upper stratum corneum thickness/wm 2.49+0.22B 3.17+0.31A 3.04+0.11B 3.48+0.18A
T A RIZEE Lower stratum corneum thickness/iwm 2.01+0.22B 2.60+0.20A 2.94+0.21B 3.25+0.15A

A — AT UA R R NG TR HIFoR 2 5715 0.01 #1 0.05 BEKF,

Note: Values followed by different lower cases or capitals within the same line are significantly different at 0.05 and 0.01 level, respectively.

R 2 FITEWE X EHE R4 M A H R EB RS

Table 2 Effect of saline—sodic stress on chloroplast ultrastructure in leaves of sweet sorghum seedlings

i i LIESEs S ) -4k R /N(Kx 58 ) Chloroplast — FEMPRIEL/M-4#1K Starch e R A
Variety  Treatment  Chloroplast number/cell size(lengthxwidth )/pmxpum grain number/chloroplast Osmophilic globule number/chloroplast
314B  CK Control 4.68+0.75A (5.93+0.46)x(2.27£0.28)B 4.81+0.75B 3.50+0.86B
M8 Stress 5.20+£1.14A (6.71£0.71)x(2.17£0.17)A 5.71+0.86A 9.08+3.00A
M-81E CK Control 4.13+0.83A (6.4420.87)x(2.12£0.21)A 4.73+0.59B 3.37+1.50B
18 Stress 4.20£0.79A (6.74£0.87)x(2.24£0.21)A 5.57£1.04A 6.57£2.31A

i‘f:ﬁ—ﬂq’ﬁuxlﬁlﬁdxﬁiTZ}rjiiﬁ 50 = TR =
Note: Values followed by different ljwenlc (§)ﬂ]$?minﬁmem&d 0.01 level , respectively, The same be—
low.

www.adul tpdf.com



F3LBH M

& A W OB OB % % R 471

i

1~2 ARG TR AR A4 36« I PR AR 530 5 7~9 - o 10~ 11 IFARAAHIR 5 1,7~ 11 i 314B52~6,12: i M-81E

S JERIRL; O« R s S« BE 5 /22 s GL: BRI s M- S A

B &

1~2:Chloroplast in vascular bundle sheath cells; 3~6: Chloroplast in mesophyll cells; 7~9 . Mitochondria; 10~11; Chloroplasts envelope; 1,7~11:314B;
2~6,12:M-81E;S: Starch grains; O : Osmiophilic droplet; SL: Stroma lamella; GL: Grana lamella; M : Mitochondria

1 FATER BB X B S R4 E 7 B R R

Figure 1 Effect of saline—sodic stress on leaf ultrastructure of sweet sorghum seedlings
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FEMTE TF R , 25 B EOL A A B I R i/, 2R T
K EEMEREL(E 1,7-8) 5 b 314B 4R rh i BLE %
SORLIR (& 1,9, Bk PR B ) , ipae ol i (A g i

PR MR B IR KL, , R At f ol
314B Z524(& 1,10-12),
2.3 HATEWEME X R E R MEHE R & E KRR
R

3G, MHAZEKE S i, X IRANKE 6
Frito @b 314B B ZHAEAR T8GR 1 HFISE 2 it
AR E, 5 3 I ARARE bl M-81E AERRIUE 1 A0

IR 5B mm%{u;ﬁ%‘ﬁiﬁg?m aEﬁ g@vﬁmw Fy bk e RS2 P Kt
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Figure 2 Effect of saline—sodic stress on plant height of sweet

sorghum seedling
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Figure 3 Effect of saline—sodic stress on stem base perimeter of
sweet sorghum seedling

e 8208/ (P<0.01), FhFf 314B [k R FIZE L JH K
ST 23.8%F1 16.0%, fF M-S1E J435F
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FRATER DG B R A R R B AR
MIEr 8, Wk 3 Fin . AN AT B R 42 a it
LK b M4 E (a+b) FIZEAE b EF BB )5
Bt RN B (P<0.01), 4 314B F1 M-81E )
M43 (a+b ) BN BRI T 3.6%F11 5.0%
2.5 FHRFTERERAME XA B SR A0 A B R4 BT R AR
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Figure 4 Effect of saline—sodic stress on plasma membrane relative
permeability in leaves of the sweet sorghum seedling

JEARXT B AR, EMFD 314B X FR B (P<
0.01), T #F M-81E EIh{EA B3 (P>0.05), fFh
314B il M-81E i fi5 A6 X 125 14 20 1) b %o B 388 i 1
37.6%H 6.5%, T] L Fs 314B M5 A2 Eh e
hEBE,
2.6 FFTERTEAIME 3T R [E) S B S SR 4h B H F MDA
SERFN

AT SR8 A8 X E R R B MDA & & 9 2T
W 5, MBS, &FP 314B 1 MDA & 24 8 & 18
(P<0.01), HX BRI I T 26.9%, &iFh M-S1E 38
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Figure 5 Effect of saline—sodic stress on MDA content in leaves of
the sweet sorghum seedling

R 3 FUEBMENHSRYEH AHEREXNE NRSEHORW

Table 3 Effect of saline—sodic stress on the chlorophyll and carotenoid contents in leaves of sweet sorghum seedlings

ShFh Variety ZbPH Treatment IH4%Z a Chla/mg-g™ H4%E b Chlb/mg-g™ H4%E a+b Chl a+b/mg-g? 2K M & Car/mg g H4%E a/b Chla/Chlb

314B CK Control 1.382+0.004B 0.421+0.003B

338 Stress 1 054 = 0.4320. OO3A.

M-81E  CK Control 11?%2“ S I@ OFBI
Jipi8s Stress 1.500+0.003A 04220

1.8040.006B 0.2430.002B 3.281:0.019b
1.872:0.008A 0.272:0.001A 3.338:0.010a
al \feI&SI On.229¢0.0043 3.515+0.037a
1.94350.0044 0.249:0.051A 3.394:0.010b
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FVER, REXT AN v S — 2 S BT R
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SR MDA & &R ThitEss .
27 HTEEBEN AR RMHSROETFHESR
BEENZIY

& 6 Bz , ERmsuba AT g A R SR A e R
H R & BA B TR (P<0.01), fFP 314B Al
M-81E Jifiifl 5 Il 2R ) &5 43 3 Fext R 1Y 18.0%
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901 A
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Figure 6 Effect of saline—sodic stress on prolin content in leaves of

sweet sorghum seedling

2.8 T ELTR B X R [F] M A A S R4 B R B
THERIRIE

AT ER A0 X0 i R SR A PR AP B A A R
WM 4 FiR. MhfJs ,SOD RYTE ¥k B Rk (P<
0.01), fhFp 314B F1 M-81E 43 7| Lk Xt B F R T
32.3%%0 22.8%; i, F# 314B ) POD JEM: A1 CAT 75 1
W BETHRE (P<0.01), 735 XTI I 37.6%F0
28.2%; i, M—81E iy POD yEM: A CAT & 14 & E T+
1 (P<0.05) , 5353 L Xt HESE AN 14.7%7F1 8.9%

3 g
31 SRR THERY M R SR
MRz

WY& E AL G 5 HA B RE A4 KR
SR UIARIE NI, HTEFE RSG5 b AR SR a] 28 1

RV AT, 5T ER A8 A= 3 R
H o B A R R A LA AR S R/ o R BT I
R PR A, PRk R R E E R
PRTETK T BRI AR o YR AHED , Shasobaa # ) T
B SAR A XK S RIS o RIS, SRR 0 S
FRI R LT A RR AR R B N, TR R
BEURSE R, AR PRI AEZE S o SRR A 22
FEK A2 B BRI, TSR 935 B 4 H
AWK, Xt FHE58EK B RE A —RE R
A 5 = BEAS By LA IR K 23 1S 2 280, RO
gy, BN A, AR ARTE K 2 SRS AL
ANexar BIZE RS0, RT3 B2 A0 o R34 S JE Rl v S )
ST ERTR 8 BRI R o

A 2 o8 I S AR AR R A ) AR A ) e R
NS0 ARBEFE AR, ST ER B A AR AR, B
JEEAER T S , SRR , ok A AN B K
A e b R E R AL ALY JERRLAR R, BRI
B b BRI D BRI R, AT PR R
FEIR AR = IR TSR IO G 2R , AR AL AT AR g -2
Mz ER BRI SRR G BRI 51
PER B INA S, MHE T, 40 P R AR
BRI S R P EPRAS BT, SRS AIH,
TR RS PP ASE AR MR i AL I Ehasia
g R I, ST REA P TR —
SEMA A P A RE S BHE E T 7E M Sk b B,
7 AR AR A B A, (R 2 e L 2 X
o ARG E TR LA ; R IEhRE
TR BN I PR IFAR 5 AW B, LAl B S R A
B AR5 IE W G B BERR L, ISR FIZe iRt
AR RAE 8955, 53 TER B AR T 4
PRMEALABISEH R — 2 R AR AR Y D SR A
B
3.2 FITERFIME T BB R4 £ KRR BRI
BRHEL

AHTFE AP IR AT ER R A R R T v SR 4 v A0 A

R 4 FITEWME X B S R4 SR EEE RN

Table 4 Effect of saline—sodic stress on activity of protective enzymes in leaves of sweet sorghum seedlings

§H% Variety  AbPH Treatment SOD 75 SOD activity/U-g™+h™

POD 35 POD activity/U-g?-min"  CAT 354 CAT activity/U+g™ *min™

314B CK Control 161.50+5.67A 336.67:28.87B 175.604.21B
i3 Stress 109.46:4,05B . 463.335.77A 22520+4.12A

M-81E CK Control T h 5 12|7 'tr' I al V bon 182.002.50b
38 Stress ll$t1.4$ %ﬁa 198.20+6.16a
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KEH ., EBWE , BRI F KR
H, R EHTEEERAN FERS T, SRmpha g
B R OB A A N A R BT BRI 7R TR
B G A R it R e R AR JRE
FIRESE « BH R SRAE T RN E T AR R AR K BE
TR, BERERRAR K A BT R 5 R A A
BEa T EShEAMAN B BKR SR, SBNE R R
FERR B S ER I B oK o Bl D , T AR R AR
B o X T B S B E B A E g R R R
B,
3.3 FITEEEEME TH#H S R ERMEIBIRNTL

& Fp R A 5 A F A R E 8 M RO
SRR, T P AR R BB 1o LAk 7= R R e
B RAESCERILRTE , #h— 850 4 B R S5 A Aol

B2 AR ST, AT SR BRA R SR A R AR

BRI S BT R SR ST R
EREESR

FFTERBINE T, AR R Frab B SRR HK
P T, R T A AR B R Y BOR R H
SRS I ER R Y EN A T FEMBER
YR, VT HR R A PV ORI AEOK B, AR 1T
REMIN A ARSI K QR AR AT . EHINRK,
Prai s i) AP R IR EY, AR H, 5
FTERBE A8 (AR 3R B P AR & B BT, A
AR R IR 22 R

WA P A E RS B S — Y AEY
FRL, 6355 40 50 S AT 440 RS 0 L, G SR AR B R
TR B RS T ARBIE A AE R 2518 . B
W 278 R AR Y IR N OR AP B 2R G0 0V RS MR A
) EE2,SOD POD 1 CAT J& FE BT ELEE, TIiE
PRAEMR IR NG F TSR AR Y R H22, A
WEFEH, HATERAR A T , 1 & 5 POD & 41 CAT
WS EEAE, RITHEREY 8 2B
155 B8 RPN o {B SOD 15 1 B 2 A%, 3X A g 2
KEAELBIGE T SOD A RZAIEER A b
BIHFE, FhNE A IR SOD & H R
HIEFARLR
3.4 AEFHE R RFITTRFT 2R HME 15> 57

FH SRR TR ER AR VEDD , (B[R] o B T PR A7 7
£ 78 AR AEK R BB R R FF 314B 1
M-81E X} ¥ b e A E B E LR, 584

EER R A L, 314B rm%fg#@j

AR, P KRR BE P 2R 2 )

M-81E K. &l 314B -4 A& fHB A0 2 A 5 ™
H, BRI B BB R, R M R A
J R AR AL T BE 43 B IR B8 B B 5 T L AR ¢ 22 00l
PRET () 4 A A R B R b, T B I o 00
FEIR Z AR FHRPUERIR A , FH TR & A RE 2l

S, ET SR H AP RSN §FF M-81E £
EBRMIA T, AR B X X BRI T 6.5% , T
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