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Abstract: A germination test was conducted to understand the effects of seed priming on seed
germination and early seedling growth of sweet sorghum (M-81E). The hydration-dehydration
processes of M81-E were analyzed with KCI or CaCl, solution (50, 100, or 200 mmol « L™") or
isosmotic PEG solution being used for pretreatment, and the germination percentage, germination
rate, seedling growth, biomass allocation, and Na*, K" and Ca* contents in different NaCl solu-
tions were determined after seed priming. The results showed that the first 3 hours of hydration
and dehydration processes of M81-E were the quick water absorption period and quick dehydra-
tion period. The germination percentage and germination rate were not significantly different when
the NaCl stress was lower than 200 mmol + L™'. The different priming conditions had no signifi-
cant effects on the germination percentage and germination rate except the positive effect of CaCl,
pretreatment to the germination rate in 50 and 200 mmol - L' NaCl solutions. However, the seed
priming significantly affected the radical length, hypocotyl length and the whole seedling length.
Seed priming had negative effects on seedling growth in non-salt treatments but significantly
improved the seedling growth with the increase of salt concentration, and the different pretreat-
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ment reagents had different effects on seedling growth. The contents of Na* and Ca’" in seedlings

were significantly increased with the increase of salt concentration, but not for the content of K*.

Seed priming significantly decreased the content of K*, with the exception of KCI pretreatment.
In conclusion, the different pretreatment reagents increased the seedling growth, biomass accu-
mulation and the capacity of ion adjustment to different extents. The seed priming effect of CaCl,
solution was better than that of the other two solutions.

Key words: saline cropland; germination percentage; sweet sorghum; biomass; ion content.
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SRR A5 () R O 2 0 A R AR 0 7 1 7 A
THRRMEm, JEEit, 2R 2H5 T 50% 1)
HEHL ™A= T I EL B 7] 8 ( Rowley , 1993 ; Mahajan
& Tuteja,2005) , HFEER 5 4w UK, BB L HE H
YA, AR RS Tk A [ 4 e A (1979—
1985 4F) ¥kl Ge T W, o [ £R 5 - mBUN 3. 47 x
107 hm® NSRRI MERR ) . Hoh 25 28 8h ik it 1
HEM1.80x10" hm®, 7£3.47x107 hm® #h 5 + B FF
BAMHAA 6.67x10° hm® 47, Jathiit, hE WA
1.73x107 hm® 22 47 ¥ A2 SR i Ak - 383X 2 - T
KRN TEBBRE SR AN Y, W 5 & A v A R s
b, MisEPR L, o E T E R R AR R TE
F=gr:s )18

O] = YL DR L AR FE B A P i A e
H, AEL/INYETRT A b 3l DX 357 A 3R Vg A i s, - 398 vk AR
P E IR BN (B A5 ,2011) , B4
Sl 2y = Aol Az 7 SEIAO AEAS (A&
AR R BN EENERZ — Wik, ik m ey,
51 v A A it R 1 P B A 2 e ke i ROR FH R 35
A B 3 ) Y B

Fi 51 (seed priming) , J&45¥ Fh ¥ AT 560
VBT A WAL B, S — Fh7E R85 G 4 1 45 F 4
R R ZERE S (UG R S R R R ST
P R BUE R (Heydecker et al. ,1973) , Tl
=5 [ Sorghum bicolor (L. ) Moench | 1 A5 52 & 1Y
—ANAEFR JE—FREMEY) , R R AR E Y
REVRAEY , B S e pust my | mt Sk o A4
PR AR SRR SO R R LT RV B
A Z — AW 5T 08 P SR i (4 v 58 o b
“M-81E” , BEBUR[RIFP 51 &35, 0 A R 51 & 4b
PRACE T T ST S A0 LI A B B BAE 25
Aty AL, Ay i e 35 A T BT = AR I B A B
X P E DR A — a2 1 B IR 3l

1 #MeEFZE

1.1 MK

“M-81E” Hif 55 5 s A H v R 2 B A P
FETERAL
1.2 Fpr5lkabH

4359 FHAS [] & 8 1) KCL, CaCl, 3 3 (50,100 .
200 mmol « L™") FIHA MR KA PEG # (130,
192 270 g - kg™, LI AR T 20 CF) #4751
RACPR R K51 R AE X B, A5 R AL B 4
WHEE BN EECE 25 Kifh 7, U FoEeiR A
VSWCRBRIE, o T T ff it s Sl F oK IE &L, 5 3 h
FREE 1 IR, LIFh 767K 3 W oK AR R Sy ok, WK
12 h ZJE 347 I T4 3 R4 P4 R0 4 h FREE 1
W REF 1 T 20 P dh E kb

SR FIRK RAKR THREAA .

WK F = (W, -W,)/W,x100 %
%, W, SRR WK 5 R UORR S B E W, S
TFIRIGER,
1.3 Fh#i ki

BEALPEE 1000 R0FF T, 2 100 mmol « L7' 5]
RPN 51 &5, HEATAS [ BE £ (0,50
100,150 200 F1400 mmol - L™ NaCl %1 ) Wit 1) &
TS FE AR 51 K A B S A4 Fh - Hh 3k BU i
(IFhF 25 RiCE THIA 2 2K F L ( EE
10 em) HY, fIIA 10 mL AS[a) e R iAW, 2 5 & 1
R Bk Koy, BB E A 4 IR, BKIA
— I (AR F & ZE B T IC S R 2R R A, 555
FEREFRAE (BSG-800, 1) hitkAT , JEHRIR AT 12 h
FEHE (200 wmol «+ m™ -+ s7',400 ~700 nm),12 h
W, FPFfk 8 d( L3 d WA ANFTF) , &
A2
1.4 JEHEhR

¥ & 2F 3R ( germination percentage ) = 35 PR &

/PP B 4x100%
% ZF L ((germination rate) = 2 G/t x 100%
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K. G R KR ZER 1 R ZF TR, 5ok
JEF 3CHik ( Khan & Ungar,1984) .
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TATER L, 43000 2 4 v AR IR K J5 1 60 C
BT IHE B 10 SR —IRE R (FEPLPKE 30
BR) 33 REE IR IR,
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mmol - L' NaCl J&FRALFE T AL A0 B = SR 4 i Hh
- EB L HZ 50 mg TAE(FREIFIES) 3 REXR ., H
10 mL B F/KT 100 C TFHEHCT h, B H5 .00
VW, RO B T (B, AA-6800 ) T
AR Na® K Ca™ & i,

1.5 Hdlukbai

FiT A B s 8 2 IOIE 2 e it AT ge it e A, i
JH SPSS 11.5 #FATHMRACETL , SE96CHE 24K 1 HRL 1]
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=
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Fig.1 Effects of seed priming reagents on water absorp-
tion under hydration-dehydration cycle
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IR TN WK FAR A ANAS . AR5 A T 56
XTLE, Bl SRR A KT R S R K 5 T KCl
CaCl, 1 PEG ¥ W h WK 32, [RIRE, it 3 b 178
Wl R /T 3 A /NI 2R K B R Ay, R K i A
KB R IK B W R, 4 Pl Kl g,
KCl Fll CaCl, 51 & 458 F it s S b+ 2 K R AR
IKTEWIR Z , PEG IR A R 7K A XN
2.2 BIRACHEEXFIF K 2R

K2 w03 Fhg] & 7 M L, Herf CaCl, 51 &
RPN FhF K 2E AR T — @ AR ER . 43R
SN 50 mmol - LI, CaCl, ¥ W 5 | 4 4k BB Fel
TR 2R =T A S | &4 (P<0.05) ,
MERME A B IR 150 mmol - L7 B, CaCl, %W 5
RAL PRGN A 2F 3 3 T A M ARG 5 | Ak
H(P<0.05) HE5X IEAH L 22 AN 3

REFHURAME A R ZE R AR (K 2) ,3
Fh | & AR L, CaCl VR 5 | & 5 Tl & 27 %
FE—EER R A AR T R T, RN
50,150,200 mmol - L™'B, CaCl, ¥ W 5| % J W Fh
K AEHCR I T HABARFE, R 150 mmol - LR
WET SRR AR,
2.3 SURAIEXT A A A KA A B ) R )

AR G| & T5 Gl i AR 7= A T — Y
i, H vp KCLAT CaCl, ¥ W 51 & Ab BRSO 3 o0 . 35

" - L Pagic
£3 T T EKCI
@ CaCl,
OPEG
* * %
1= - *
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Fig.2 Effects of pretreatment reagents on seed germina-
tion percentage and germination rate of M81-E
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Table 1 Effects of pretreatment reagents on seedling growth of M81-E

Iz =g KW POyt glkIT

(mmol - L") CaCl, PEG

J A 0 4.4+0.41 ab 4.69+0.44 a 4.23+0.50 b 4.41+0.69 ab
50 3.57+0.33 a 3.58+0.51 a 3.84£0.37 ab 3.98+0.38 b
100 2.51£0.30 a 3.020.40 b 2.98+0.44 b 2.73£0.40 ab
150 2.03+0.25 a 2.0020.35 a 2.7+0.28 b 2.3420.29 ¢

NS 0 7.01£0.97 a 6.21+0.80 be 5.68+0.64 ¢ 6.5620.75 ab
50 5.05+0.63 a 4.66%0.56 a 4.7120.85 a 5.2+0.85 a
100 4.1320. 64 ab 4.63+1.28 a 3.6+0.68 b 3.62£0.30 b
150 3.0820.54 a 2.9420.61 a 3.0920.59 a 3.2720.32 a

LESS 0 11.41£1.25 a 10.9+0.98 a 9.91£1.07 b 10.97+1.20 a
50 8.62+0.78 ab 8.23+0.91 a 8.55+1.08 ab 9.18+0.85 b
100 6.63+0.72 a 7.63%0.96 b 6.58+0.49 a 6.34%1.58 a
150 5.1+0.6 ab 4.91+0.65 a 5.79+0.43 ¢ 5.61£0.81 be

AN TR F IR AR 5| R Ak B2 [ 22 5 4838 (P<0..05) .

(F1), FELERA LT, REF 5% X —
SERREE LRI T E SR A KB T, S B A
KCI F1 CaCl, W 51 & J5 19 9y i AR 1 2 35K %
HRZH, CaCl, iR 5| & 4 i IRl 1 AT 1 4 1 4
FART X IR ; 24 ER 384 50 mmol - LA}, PEG 5]
RAL PR R INT IR R 2 100 mmol - L
B, SRR e KCL IR 5 | & 8 360 T 4l i e
BN 4K T CaCl, 7 H X IRl 4 19 48 1
VEF B2, PEG 51 & Ak B85 5%k B8 2H A1 HE AR 20 £ ) 22
SRR 3 FE1 & T SH L, KCL 5| & X IR AR
K H KM R B3 S T CaCl, Al PEG 5| %
ALEE 2R e IR A E] 150 mmol « LB, CaCl, i

TR PEG 5| % Ak B 857 58 35 16 0 7 i vas 3R 4 v s il
KA 2K, Hrp CaCl, %W 51 & 2 UE 3R B 3%
=T PEG,

1R Ak SO 5 S Ay A ) R 25 R 0 2
(F£2) ., S A RKIEPREE FALL, 78 TCER a6 4b
AT, SXHRAM L ,3 gl &0 X3 B E AR
TAEH R AR (B b AR Y A R
A 22 AN i 2 (HER R B M 50 mmol - L' A
EXT IR L, CaClL W 5 | K AL B0 b R AR 1 1l T
Ay, 3 FhE Kk AP 25 R B3 SR AL T
100 mmol - L' #h ik B & ZF AT, CaCl, # W 5| & Ab 3
RN T Mo AR AR T AR R

®2 ARBIRAFIXHESRYBHAKEYE (mg) BRI

Table 2 Effects of pretreatment reagents on seedling biomass of M81-E

Iy o2 pogd EILZED
(mmol + L") KCl CaCl, PEG

i AP 0 5.10+0.05 a 5.24+0.46 a 4.99+0.13 a 4.98+0.18 a
50 4.34+0.06 a 4.44+0.17 a 4.50+0.27 a 4.67+0.15 a
100 3.1720.22 a 3.4620.23 ab 3.80+0.18 b 3.23+0.37 ab
150 2.63+0.15 a 2.7120.16 ab 3.36+0.03 ¢ 2.97+0.08 b

T AP hE 0 2.38+0.12 a 2.05£0.15 b 2.0320.07 b 2.0820.13 b
50 1.76+0.04 a 1.69+0.08 ab 1.63+0.06 b 1.71+0.02 ab
100 1.49+0.18 a 1.5420.03 a 1.57+0.09 a 1.35+0.08 a
150 1.220.08 a 1.25+0.08 a 1.29+0.11 a 1.28+0.14 a

BAEY R 0 7.48+0.07 a 7.29+0.61 a 7.01£0.06 a 7.06+0.29 a
50 6.1x0.07 a 6.1320.22 a 6.1220.32 a 6.3820.12 a
100 4.66+0.40 ab 5.00+0.25 ab 5.37+0.27 a 4.57+0.42 b
150 3.83+0.22 a 4.00+0.14 a 4.64+0.10 b 4.25+0.19 ab

o AR 0 0.68+0.02 a 0.72%0.00 b 0.71£0.02 b 0.70+0.01 ab

Mo 50 0.71£0.01 a 0.72+0.01 ab 0.73+0.01 b 0.73+0.01 b
100 0.68+0.02 a 0.69+0.01 a 0.71+0.01 a 0.71+0.03 a
150 0.69+0.01 a 0.6820.03 a 0.72+0.02 a 0.70+0.02 a

AN TR F IR AR 5| R Ak B2 [ 22 5 4835 (P<0..05) .
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Fig.3 Effects of pretreatment reagents on Na*,K* and Ca** accumulation and Na/K ratio of M81-E

ANIF S FOR AN R 5 R AL B 2 8] 22 57 8. 35 (P<0.05)

B H| BB S R 25 5 R B AN AR L
CaCL M 51 R AOCR B 2 5 T PEG A0 3 R i ia
W FE A% 150 mmol - L' A}, CaCL iF W A1 PEG 5| &
AFR R TE T AR R T R Y
CaCL 5| B3R cds
2.4 SIEAFEXF A BT BN R

H1 & 3 T, B2 R 03 e B A 34, 4 iR N
Na* & B E 5 (BRG] & 25T 4 i AR 1y Na*
P B 5) 22 S AR B3 A 100 mmol « L7 Eh
AT, CaCl, 51 & AL BREY LI BT R N Na™ B KT
KCl 5%, K& &5 ia kb B0 B M K R,
EARE 5] & Ab B X K AL B 22 5 3, Hod
CaClL, il PEG 5| & AbHL S 4 AP K B8 B K
FTXFRA [0 KCl 5] &AL BH 5 X% IR 2] 3k 22 S AN
B3, Na/K 2L an i 3 FioR e JeEh ian 441
T, Na/K< 1, 4 H RN K &85 T Nat &, $hihn
ZMEF  Na® S E 0, 51 & Ab 38 5 %5 AL A L, 78
RER 34 (0,50 100 mmol - L") 244K, CaCl, 51 &
AEFR R EHR S T Na/K, Hor g | R Ab 305 % A H 22
SREE, DRI Ca™ R BE B R a0 vk B B T
(IR IREUNEEIV-208: -2 P N b o)
HEAAEL, R CaCl, 5| Z 4 7F 150 mmol + L7V FE 4%
FFBERIKT Ca™ &,

3 i i

T8 A MR R TR R —AE
2 Hah BB B, tEREE — 2 90 22 AR A Qi 72

(Bewley & Black,1994) , il % K, 1 # K 41
3AHIRAIEBL: (1) WK B Bt (imbibition phase) |
FhF K KBRS R ARG 205 (1) SE
M (lag phase) , JLSPAS IR K, {H & A Ko 4 T
g5 (D) JRAR H B (radicle emergence) , W /K 18 8 3%
SN, PR AR A A i B2 (Bewley,1997)
AN [ A B Ao A B B e S I ) AN [] (5 5 A
RPN 2002 RS R4 2012 RS 2012) , A
SR A K T B WK B B R N (1] 2
12 h FEM E TS P ORI (0 ~3 h) e
7K1 (3 ~9 h) R KA (9 ~12 h) ,9~12 h
WK AT R A 1E K FRIK B 37% AR 51 KA
S, iR SR A MK AR B T 33% ~37% , TiAE
[l ad A RIBEZE DT 3 h AP B30, 2 ) [al
TR T B, Bl - 1] T R I R 2 T
TR 3 BB (AR A T ) HAHSCHE R
.51 & i B 45 5 ) DNA & il IF 4R ( Garcia et
al. ,1995) ,REHG I RNA FIZE B4 B H 58 ATP 7]
F & ( Mazor et al. ,1984; Fu et al. ,1988; Dahal &
Bradford. ,1990 ) , Jim B it 4 K| X & 51 & /Y 4 #
i

BT A Z5 R AT LA Y R E i AR T
200 mmol - LB}, & 2R Kk ZEHUR 5 R &8 A
AbPR2E SN2 VLB M-S 1E i i 3% 2L A 400,
(AT ER P o AN [T | A aatR) R i s S i & O I
PRI A AR R T, A CaCl, i WA B
TERAIURBE T A Y S AN R A R AT S A
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AT RE A SRl A B HL A A 2R R SR v AR
S TR M-81E it 3 B AT — i R B T AR P 1 i
Fiir( DL 2516 55,2012 ) A PRV B HLZE £ T 100
mmol + L™ KCl ¥ AE M 51 & ilH, 4 175 k)5
M-81E it S b 75 H [a] ) 5 2R p 500, 45 1K 0,
SR TR SR iR 2 R IK F) 80% | W3 R
TAREG K 53.3% Wi %, FEWmEANERKE
P R A I Beh s e A 2 R A
AFIGT BB T IXURS: 5 i , okt 1 R vt AR B b
DX, FERE AT Bl E A T30 S 5 | R AL B RERS 2
HEINVER A7 22, R I 7E 2R 30 451 BE
A, ABFFEEE R R B, NG AR R A8 DL S
R BITHRE , AN 51 K Ak i v S 4 i 35
AT —ERIER (£ 1.2) , X 507 AT 4558
AH{LL ( Patane et al. ;2009 ; 45 255, 2010; 4 /N R
%% 2011 ; Eradatmand-Asli & Houshmandfar, 2011 )
RS, A 30 A 30, 3 2 145 | & AL B R A% 0 25 15
TRERZEAE T 3o i AR o e LU (R 2)

X REZH A 6] 51 & Ab B4 %) %) B R P Na* |
Ca™ Fr i LA S Na/K P46 25 5 360 588 B85 1 185 o i
RO, Na® & 2 340 32 202 P R 28 i a0 i 5% oA
NaCl ¥, Ve i Tt 25 77 AR 05 38 I 38 R s 135 3
FEAH AL E KT Na*, AR 5| A0 b
X Na* BB A=A R EN2ZT, CATRE
W] AEFh TR 2 B b Ca® BRAZIE A 11 ] HKT2 §%
1z 1 BH AR D% Na* B9 45 ( Nayyar, 2003 ; Bonilla
et al. ,2004 ; Kronzucker & Britto,2011) | BEf% 18 i 32
M A7 2 PR Tl i R B8 1 57 40 L B P g AT T £
20 R0 S () 25 AR RN ) RE , B APRRE ) TE R Bk aE T 32 3 Y
Do OB AT K45 ,1993) . ARWFSTH, Ca™ & Bl A
NaCl ¥R B2 - e 10 3 & 385 00, 43 v Ji BRL R R hy
FE R BRI E PREE T R SR BB S AR R R R s
HIFRF- IS Ca™ WK, A Na* Kt if A7 A 35
FAER, NI B —Fp et AR L, 2 50 52
FIERARS T Na* K Z [BIfFAE & 7S B,
SIPEMISCR A Na* [\ 5 BH 1 s HEBR A P9 K™ (Khan et
al. ,2000 ;Shi & Wang,2005 ) , {5 jiti Fi 40 ZM J5 7K 4 iR
SEPRAT AT AR SR Y K Ca® 75 1 [] s R ARG AR 1Y
Na* & HOR AR AR INE ( F &5 ,2011) 51 o) M L
FEP AT RS2 T Na® K™ IR ISCAIL il A8 A [m] i 75 52 )
AR I 25 Rl I ZEAR N R R Na® F1 K*( Yang et al. ,
2007) . AHFGEH AR HR FE SR W38 45140 T, 2l ik
WK B AR K, AT RS PR Al s S 40 i e R vk

JEMETF 150 mmol « L' &N, H0&AA 7= A 7™ 5 19 1)
EAER, G AN Rt IR — e MR K THE
0 Na $hpan (A e RAEER M0 2508 T A9 Na* Wl
BUHRI A B K AR B LG A 5 4k 22 58, ARl 51 & Ak
HIL#, CaCl, f1 PEG W51 &5 K & LT
XTREAL, 1 KCl 51 &40 F K & 5% BRAI A Hh 22
SARE. AR T KC 5l KR A S B —E
WD) KT 7E5 | A R it SR A IR T — o i
() KT AR T A8 i KT 3 i

At A B — I Eh e S ReAED, ©
PIESEREAE Rl T 58 SR b ML X Sy T s R4OR
B = A NS [A) R AL A B A A Bk X, 338 i 7=
i, FHA R T5 & =0, Befs W R i 5
YRR ERRE T, AR, 3 R &AL
PRI FE B o T s e e i AR K e
R LR i S BB R R, 3 Rl & Ak
FRILHL, CaCl, 5| R AR T HAL I Fh 5 | K357

B O RMTEMFRET=ANEERAESKDSS
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