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Effect of water stressinduced by solid medium of poly ethylene glycol (PEG 6000)
on the seedling characteristics of sugar beet genotypes

P65 sl ol o 5 459, 515 ¢ (6,5 lasdle ¢85 Obglie dome ¢ LW S50

oMK

JsSIE st L jlestinal U (Sis 2 31 FAR L6905 ol .l . § 49395 B (S, 1. £.& (2bBas Olallume .p ) o¥T 13
TYA-TAL (M) VY Ol gl (Bl pole dhomo .5 )i (slaes 55 45alS Slo puas (g9 ol iS5 s 55 (PEG 6000)

(22 SN b (K 5 it £ ghaw 3L sgliie & el CAS busme 53 7 ¢+ JoSE T (Jb 3 ol g3 50
Wl g0 b ol e (O-Type) wusr uigh 10 Sl .ol oolitul W juidey Lalid uigh) Ve 43l Olbogas usly
o oA g+ 1Y =15 o (& ol Jpudli b i 5 e e 9 il 0 3 Jooria don 550 ¢ Jooxio 4 ol
Nols”™ = 5o by 9 (Fx¥+) bsgsl b3l & yg0 49 (PEG 6000 poxs 38 039 Mo3d YO 9 ¥+ 10 cja0 ol 5 3 e § @)
Mot 3957 390 9 (Kis 4T S slod Jlos! 3 (w257 518 (2551 2550 ol Lo3T Tulyd 53 )T 4w b Sola
A Ay 9 g P EiS 039 4y 9 298 PINST F O)9 e 4a 9 9d pINT Job Dlhe ddazals wa)
9 29 pluS! 45 039 Olao Sl cuigh) 5o i Jlie F19 uwigh] ( Kis Jid F1457 als Ol guld Wl (5 p 03Il
95 Jmle F1 .89 (P<0.01) 51 Sxo 4 4y 9 (2198 pINI Job Sl 3 cigil F1.89 (P<0.01) sl oo 4 4l
LB 955yt 45 310 G5 gl . 518 mixe (P<0.05) 4 425 Jobo 9 (P<0.01) s1gn pIuil Job 81y a5 5
9 Buals s 30 G163 G18 Bl aigi) 4 ygb 4o (bl 399 (Vb (S5 Egi5 (Ko 4 Joow Bl 31 id iy
8390 Dlio 351 (Gl p i i il ghaw 38 (O-Type) o slugS Gl c9¥ o 33 G5 3 G7 G4 G10 sl ig
bl b Cood Wb jidey (S 9 (qwrp S 45 )(oh S 4 LIS (57 p LS S 95 (Ol 4 il () 2
Jlosl g b i 4xals” 4 4y § 039 9 4 4ds) Jgb o il ool PEG taly cuds” a3 ool b i s
b oo 5 il JICL I —+/F b (Ko o

BN IAGS Y § AL (i 955 (B iy ¢ Kb I P e ST il b 1ol slo s

WA Y pdy sl VWAV TVIE3L 3 556

Oy o813 Ol ol oo 5 el 3 Lyl gt )8 (5 gomtils -

(noghabi@yah00.com : G5 w1 o) (028 4318) = S i 5 g 5 Dol Dliiond s go Sl Y
olL,e SLisls Olow s sl s L2l =Y

Lyl 5 4 5 POl Do g (0 -F

Ol o885 Ol s ol > 2 Liils -0

Yva


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.3.5.6
https://agrobreedjournal.ir/article-1-170-en.html

[ Downloaded from agrobreedjournal .ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1389.12.3.5.6 ]

AR 5ol o oled cennslss dlem 011 o) £l Al

(Gul etal., 1979, Sojka, 1985; Al-Baharany, 2002;
4> ¢ L Georgieva et al., 2004; Macar et al., 2009).
OT Chle 358 oo wder ol Low 5 PEG & ol 4
Hj.x_;uu_ﬂg_gljg;.;_:c).x_ﬂ(al_‘,:):
Sl A @l sled (2 2 Ol 4 Cger
LacaY sl - s Lo awlin 55 (S5 gaul
Sl ol sl ¢S S oJ szols ades
(Kramer and Boyer, 1995; Dami and Haghes,
e Lesls JLos 4 A ,uiie O S sl .1997)
el 3ol 55 LT 5101 p 457 s Lo suast
£35Sl 93 3 pad slinl (S 4y Jasete
SRS A Jre IS i gla G 85 S5
Al Sla 55 5 a8 8 13 bl asse Sis
Loy lejT dasl 2 5o (SCist 25 4 Jamte 5 o
el 8 815 gl 3550 SIS

by 9y 9 3lg0

b dole Foon JSUE ot LSl g ol s

Oda L (Siis i Calies gl sl glata
b eslal s juae S g Y STy oLl
dals 5550 Lol en (O-Type) o5 5510 sluas
o S 5 i i S ¢ Jrain i ol
S ol Joily b (St 5 mlaw Slgr 5 () Jpi)
(o S gl g a) A g N /P e
(PEG 6000 (W/V) a2 5 055 423 YO 5 ¥+ N0
b el = (XY ) eSTh fleiT O 4
ol oS ol T 53 LSS aw b bl SlS”
03 (Sl i D 4 5 POl Ol den s
s gt ol sl S 13 bl 3550 7S
L Cabibe la 4t 53 G 55 2 5l oy sde Ve
Jodoes 5 b onls sizd 5528 5 mle 5 OT Jslows
ke 4y 5 b Bl T 4 pl s 287 26 5158 3 5
St 5l 23 8 15 b g5y el s

am Ve S el aie ST L sl oebow

YA

-

o0

Jole ot 5 (Sia Jte ase sla i
LS Eel g o5 gu\.:?}w 3 GlodS 3 gioes
sy 0l o Gl i e T 5 Shas
=05 S e O 55 5 e ST e JRalS
cmolial Lol 5 55 feoze QLS sl | Ol o
53 (Cook, 1997) Cmul a5l (655 5 |y _sdaen
gl Ay 5 5l 5wl #05 OLE 51 6k
S5 4 e ol 5 e 1l
i (Kaya et al., 2006) 555 oo guses oo
A i A 5 oS e ol g o age 5 S
O 548 U ydia > (Ober et al., 2005) &l
oL S5 5 5 S5 m Dl s sl
AL-Baharany, 2002; Mohammadian ) >3 J_f —
43 .(et al., 2005; Valliyodan and Nguyen, 2006
Ml 1y o5 S OIS oo s 0> i Ll s
SalS Ol 0T 5 Shas 487 5,5 55 Jemie
Lo 53 e 55 68 Sle s oL5,1 AL
Col gl gy 3l (Scist i S Calides gla
a)lsaﬁ)lju\a’u\q-cu)lﬁﬂjc){_pbad
1 s (Sojka, 1985; Zhogyjin et al., 2001)
s et 3 Olanl 6 e L oS (PEG) J,SE
33,8 e (g janl HLEd sloul Eol Lilg e 503
s bt sl Ly STy a (Al - onen
4 HPEG S s sl 5 35 (S5 5T oo
szl gl La d S pe o 5 e 1 K
ledism sla JLa3T 55 dte g jaul jL2S
Sl 03,87 Jd5 (6 jamml i sloml o3 9)
Blum, 2005; AL-Khayri and Al-Baharany, 2004;
sLoul gl — OLalS 51 gl 55 .(Makar, 2009)
23 5 Sl od_& oslin Wl PEG | Sis i
@ﬁj_:&—cdfjodf.\_ct}_:bd\_:_s.\_@a;;m_b
Olsse as 0T 51558 CdB s 5 0o (om b
Sl ol 03 0 o5 mlio 5 e oY el S


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.3.5.6
https://agrobreedjournal.ir/article-1-170-en.html

[ Downloaded from agrobreedjournal .ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1389.12.3.5.6 ]

----- st s el b Sas 25

Vool s oS ST 5 O s 55 035
M@@.ﬂbjT b a3 e dl e Hd sue
ol 25 09y o 5 5 (S 15 eba s
335155 4w )3 PEG deo )5 YO 5 ¥+ 10 ((Aald) a0
535 Bdd oS 1Y o8as 55 o el al
azin Hlgr s an s, S Sl a5 Y0 glas

REHE ) ngl.\.@ij
Jsb (L) (gl pn el dybo 55,1 i85l e
sy 5 055 (SEW) (ol ga plil 5 055 dRL) 2l
0555 (SDW) iy rl.)._sldf_.':&oj} «(RFW)
Lyl s a8 ol (RDW) aiy , oSt
GSSG1 5o Jiis eyt b s CiS o b e
V# s Ll 5 55,8 mlu 4,5 Y0 sles b sy
O lio (6,8 I e 3y gldgy el
b pLail SAS 1531 o 5 3l eslizal L s esls il sl
St D)y ez aduy 5 2l el Ak Slis 6
(i s sae Rep(PEG) jl oS 4 alsy 5 olsn ol
Slm Js JosS b3l Sjgo 4 uibsls 452
ssine Jds aam 4l 5 alsm Il 5 055 Dlie
Olge 4 PEG ble lg ami 45 Rep(PEG) il Oukd
LT IS mls s edd (A Jae lT e
deglie A ol oS e lsls 4 o ) e
plnil S35 (gl i 050 5T Sl eslizal L b S0k
PEGX 5 3 blize 1 &S Slivs gl es 23 8
Tk 31 2 55 i I (a5 B e s e
s S D) 5o SAS I3 o 5l eslizul Ly PEG
oy s la i 55 xSl 4ewlin 5 (Soltani, 2007)
ol o )3l 0 PEG el 2 53 9T 6y
sl el Slag s 55 s e e lin 1
5 4wl G20 5 G17 (G16 dals la o 35 ke
Gl o e 0 e i 555 SO
I 4 (G18) Jeammze o 5 31 okt dnslie Latals
oo 4 i eslizal bs 5 Klbe auslie 55 035 (5145 5o

a}j@d\éﬁpdu%xbl{ﬁ)%w&aﬁ

YAN

PR ISY N SgUNUIEN HE U Ty VIO RO GEN
o IS son Jgdone U g ook onls Jlasl e oo
o .x&@p&«bﬁja)swﬁjaﬁu
8 Ao 3 ¥ 658 OT Jghoes 3 4l 03 Se 4
jLsﬁ}‘}_ﬁLﬁ)»l—:L@JTOJ;C)u-)“mJGMOJ\J
CiS Lases 53 Sshedid 3 e byds s oS
FEISE IR W) RTINS w)\ij gTLg}b-
azin &S Gl e s SiS S ade ¥ s sl 4kl
et O o oy I b (sls S S5 e 4l
L e (S g Lasee 4 5 QS L g s
sla Cble j3PEG ! 25 CiS leowe 4 (sl 5
Q@QT&WV»MJJM):TO)V Ao
)H\_fmjauu&&dbjrh}&)\ﬁj‘abmw\
05 sl ol ags U shee 35 Sn /Y kb 5105l
e Lme (Jglomn oo 51 s i 3 i3 8
ol LSl OT 4 5k oy 45 s .S 4gs MS
gy e 0315 Sl ek (Ga) e 035 e Lpl s
a3 VYY) Gles 55 4dds Canw Sde 4 Jases T )
35055 bl S 51 L VY s 5o 8 sl
a3 VO Glas y3 ol o3leT Jgloes 93 =T al> e
O U P PR PPN g
(Roozbeh et al. 2007) L3 8 55 ol 228
NIV PEVCRC N Uil I T NI L
(5520XR, o sal oK s 3l osliwl Ly 5 ags
i 6,8 o5l S L 4 ,Y 50 Wescor, USA)
A0 sla CLle (6 el fawily oSG alasly 5 eslizal U
9=V /% Jslas 5 5 4 PEG Ao 5 YO 5 ¥+
L aloes JSLL e — /A
Wi -MIRT (\)
et 8 ol el YTl ) 53
Jslae 8 Blizsl g o el bR (JSKuL K
s oS s e T2 8 F s
slasles Jlasl gl il (oo Jshone 4 ,Y 0 M

SYIFSN PR Y L R U


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.3.5.6
https://agrobreedjournal.ir/article-1-170-en.html

[ Downloaded from agrobreedjournal .ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1389.12.3.5.6 ]

VAR Sl OF o5le connlss dlor 011 o155 psle "

Lol 20 L8 )i Gl G5 85 Sladein =) ol

Table 1. Characteristics of 20 sugar beet genotypes in the experiment

koS 555 £ S S5 sy o S 4 Jass
Treatments Genotype Number of germ  Ploeidy level Drought tolerance

Gl O-Type 9621 Mono ¢ ) 5 20 4 ks Tolerant fosze

G2 O-Type 9669 Mono ¢, 5 20 d gl Tolerant fuscze

G3 O-Type 428 Mono ¢ ) 5 20 4 ks Tolerant fasz.

G4 O-Type 9590 Mono ¢ ) 5 20 4 ks Tolerant fasz.

G5 O-Type 1609 Mono ¢, 5 20 d gl Tolerant foszs

G6 O-Type 7173 Mono ¢ ) 5 20 4 ks Tolerant fasz.

G7 O-Type 8090 Mono ¢, 5 20 d gl Tolerant fuscze

G8 O-Type 7617 Mono ¢, 5 2n d gl Tolerant fosz.

G9 O-Type 463 Mono ¢ ) 5 20 4 ks Tolerant fasze

G10 O-Type 463 Mono ¢, 5 20 d gl Tolerant foszs

G11 O-Type 463 Mono ¢, 5 20 d gl Tolerant foszs

GI2 O-Type 463 Mono ¢ ) 5 2n 4ol Tolerant fasz.

G13 O-Type 419 Mono ¢, 5 20 d gl Tolerant fuscze

Gl14 O-Type 463 Mono ¢, 5 20 d gl Tolerant foszs

Gl15 O-Type 474 Mono ¢ ) 5 20 4 ks Tolerant fasze

Gl16 7233-P.12 Poly r,5 & 20 4o hos Tolerant (Check) (uals) fosze
G17 436B Poly #,5 & 2n 45k Semi-tolerant (Check)(aals) Josts acs
G18 7221-11-79 Poly ¢,5 & 20 d gl Tolerant (Check) (uals) fosze
G19 191 Poly ¢,5 & 20 d gl Susceptible (Check)(usls) Lol
G20 IR7 Mono ¢} sz 20 4o o Tolerant (Check)( >,k dalis) oo
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Table 2. Combined analysis of variance for seedlings, shoot fresh weight (SFW), root fresh weight (RFW) of

20 sugar beet genotypes under four water stress levels induced by PEG

MS) ol (S

@357 e o
S.0.V i e d.f (SFW) glsnelst 5055 (RFW) ag ais)y 505

PEG) IS Ll L 3 2540.9" 147.47

REP (PEG) s 4 139.4 34.7

Genotype <555 19 83.5" 12.57

PEG xGenotype 57 70.0" 8.8"

Error s 145 30.2 33

CV (%) ks o, 26 29.9

ns: Non-significant s sxe 8 NS

Skk ok

M)b&}@db'c}b)b)‘b@%jﬁ. P)
* and **: Significant at 5% and 1% probability levels, respectively
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Table 3. The sliced analysis of variance for seedlings shoot fresh weight (SFW) and root fresh weight (RFW)

of 20 sugar beet genotypes in each level of water stress induced by PEG

@57y Sl e o SLe
PEG JSE st d.f (SEW) gl el 5055 (REW) wxaty; 5055
Control A e 19 21337 2777
0.6 MPa  JSKuLKe-+/p 19 44.6"™ 9.4
0.7 MPa  JSa &Ko v 19 41.0™ 2.1™
0.8 MPa  JSaKa—v/A 19 6.2" 1.o™
ns: Non-significant 13 sxe e M8

Sk sk

103 G 5 gy dlal sl 53 s ime o 5 4

* and **: Significant at 5% and 1% probability levels, respectively

(RL) a5 4ty b «SL) gl m plil I b (s1r SIS st o b (ST (25 86 bl o =F st
WSy 55 Y (sla amalS RDW) e aty; &Kt 0355 (SDW) g5 plotil ST 035
Table 4. Analysis of variance for seedlings, shoot length (SL), root length (RL), shoot dry weight (SDW),

root dry weight (RDW), of 20 sugar beet genotypes subjected to water stress induced by PEG

(MS) Do o S
@liTars Gl ety db ol el S 05y e ) oS 0y

S.0.V o s d.f (SL) (RL) (SDW) (RDW)
PEG  JSUE ot b 3 11137.2°° 5269.2° 20.9° 16.0"
Genotype S5 4 53.2° 38.3° 3.0™ 3.4
PEG xGenotype 19 42.0°° 23.1° 4.2m 3.0m
Error s 57 23.5 14.4 5.0 4.0
CV (%) i s, 145 20.7 22.3 22.3 38.4
ns: Non-significant Sl gae b M8

* and **: Significant at 5% and 1% probability levels, respectively — 1ws,5 < 5 g2 b sl 53 5l gme 5 5 4t FF

(SL) gl pm o1l s sl SIS sl pebams o 55 48 iy (sla 5 e 31 a5 300 Jpulr
Table 5. The sliced analysis of variance for seedlings shoot length (SL), root length (RL), shoot fresh weight

(SFW) and root fresh weight (RFW) of 20 sugar beet genotypes in each level of water stress induced by PEG

(MS) Sl o Sile
@UTarss Gl pllldb ity db ol phl S 05y ey Ak, U 05
S.0.V s d.f SL) (RL) (SDW) (RDW)
Control LA pde 19 512" 313" 0.3"™ 0.2
0.6 MPa JSai&an /7 19 915" 584" 0.5™ 0.4™
-0.7 MPa JKal&e /v 19 27.8™ 10.0™ 4.2 4.3m
-0.8 MPa JSalKa— /A 19 15.8™ 10.0™ 10.6™ 8.5"
ns: Non-significant 3 gme e MS

* and **: Significant at 5% and 1% probability levels, respectively 1o, S 5 g dlaml sh 3 s dme 5 5 4 CRE ¥
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50
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e ) (ol 8 el J
Shoot length (mm)

Gl 62 GI G4 G5 G6 G7 G& G2 G10 G11 G12 G13 G14 G15 B16 G17 G18 G19 G20
Genotype i,

ékulw shu 43 ¢SS m,u)wwy)\“ww YN i,udjkws,uwm V S
wi(SE)Jsu)LML;Lbuba.uwuuusuwjdum IS st L 5 eslizal b

Fig. 1. Mean comparison of shoot length of 20 sugar beet genotypes under water stress levels induced by
PEG. Error bars represent the range of SE for each mean

B Control .»..LSD5%=7.03
m15% LSD5%=7.58

35 o20% LSDA5%.=4.85
£ 30 - & _ §25% LSD5%=5.86
£ 25 5
520
g 15
=10

5
0

Gl G2 G3 G4 G5 Gf G7 GiI G9 G10 Gl11 G12 G13 G14 G15 G16 G17 G18 G19 G20

Genotype 243

o3litl b (S 55 Caliben = ghans 53 6K 4 A8 s 555 T bMJJ)bwiibwUu -y S
sl (SE) u&u,wdub wals odins Olas b ke (65 glo dhon LSS 51 L
Fig. 2. Mean comparison of seedling root length of 20 sugar beet genotypes under water stress levels induced
by PEG. Error bars represent the range of SE for each mean

BControl asl.LSD5%=0.013
m15% LSD5%=0.006
70 - 020% LSD5%=0.009
= 825% LSD37=0.005

Shoot fresh weight (mg)

Gl G2 G3 G4 G5 G6 G7 G G9 G10 G11 G12 G13 G14 G15 G16 G17 G188 G19 G20

Genotype i)

uui,@wuuw o 53 &S5 R A @g.ul,:oj,uﬁuwm v s
w\(SE)u&u,wdw}u\“M>duuwsvuw)dum IS st L 5 eslizul

Fig. 3. Mean comparison of shoot fresh weight of 20 sugar beet genotypes under water stress levels induced
by PEG. Error bars represent the range of SE for each mean
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Fig. 4. Mean comparison of seedling root fresh weight 20 sugar beet genotypes under water stress levels

induced by PEG. Error bars represent the range of SE for each mean
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Table 6. Mean comparison of four water stress induced by Poly Ethylene Glycol for shoot length (SL), root
length (RL), shoot fresh weight (SFW), root fresh weight (RFW), shoot dry weight (SDW), root dry weight
(RDW) of sugar beet (mean of 20 genotype)
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Means in each column followed by similar letter(s), are not significantly different at 5% probability level, using

Duncan's Multiple Range Test
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Fig. 8. Changes of seedling shoot length in 20 sugar beet
genotypes under water stress induced by -0.6 MPa
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Fig. 10. Changes of seedling root length in 20 sugar beet
genotypes under water stress induced by -0.6 MPa
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Effect of water stressinduced by solid medium of poly ethylene glycol (PEG
6000) on the seedling characteristics of sugar beet genotypes

Radaei Alamoli, Z.%, M. Abdollahian-Noghabi? Gh. Akbari®, F. Roozbeh?and
S. A. Sadat Noori®

ABSTRACT
Radaei Alamali, Z., M. Abdoallahian-Noghabi, Gh. Akbari, F. Roozbeh and S. A. Sadat Noori. 2010. Effect of water
stress induced by solid medium of poly ethylene (PEG 6000) on the seedling characteristics of sugar beet genotypes. Iranian
Journal of Crop Sciences. 12 (3) 279-290. (In Persian)

Solid medium of poly ethylene glycol (PEG 6000) was used to induce various levels of water stress for
evaluating the reaction of seedlings of 20 different genotypes of sugar beet under water stress conditions. Fifteen
restorer lines (O-Types) are tolerant of drought and five genotypes (control) with three of them tolerant, one
moderately-tolerant and one sensitive to drought as well as four drought stress levels of osmosis potentials: 0, -
0.6, -0.7 and -0.8 MPa (from combination of 0, 15, 20 and 25% PEG, respectively). A factorial arrangements
(4x20) in CRD with three replications was employed in the tissue culture environment. In each experimental
units shoot and root length, shoot fresh weight and dry weight of shoots and roots in all seedlings were
determined following growth of sugar beet genotypes in the solid media of PEG for 30 days. The ANOVA
showed that the main effects of water stress, genotype and their interactions were significant (P<0.01) on shoot
and root fresh weights. Effect of genotype was significant (P<0.01) for shoot and root lengths. There was
significant interatction for shoot length (P<0.01) and root length (P<0.05). Results confirmed that there was high
genetic variation among sugar beet genotypes under water stress conditions. Genotypes G16 and G18 among
checks and genotypes G10, G4, G7 and G5 among O-types showed the least reduction in all traits as compared
with to the other genotypes. It could be concluded that under water stress condition (up to 0.6 MPa in PEG
medium), root length and root fresh weigth seems to be suitable traits in sugar beet seedlings genetic diversity
assessment.

Key words: Genotype, PEG 6000, Restorer line, Sugar beet and Water stress.
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