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Effect of freezing damage at seedling stage in different sugar beet cultivars
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1- Acclimation
3- Cold acclimation

2- Deacclimation
4- Dehydration
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Table 1. Analysis of variance for freezing damage(%) on sugar beet seedling grown in the green house

35T ey Sl e o Siles

S.0.V S b daf MS
Growth stage (A) Lo do 1 1.027"
Temperature (B) Les 2 29.841"
A~B 2 0.561 "
Freezing duration (C)  £sj s 0l <ote 1 1.150 ™
AxC 1 0.279"
BxC 2 1.517"
AxBxC 2 0.081 "
Cultivar (D) o5 6 0.112"
AxD 6 0.099™
BxD 12 0.063™
AxBxD 12 0.070 ™
CxD 6 0.075™
AxCxD 6 0.072™
BxCxD 12 0.108™
AxBxCxD 12 0.078™
Error = 168 0.070
CV(%) (Ao 33) Ol o o o 18.47

ns: Non-significant S5 me b 1008

* and **: significant at the %5 and %1 of probability levels, respectively Ao y3 6 5 g s 3 s gre 5 0 T ¥
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Table 2. Mean of freezing damage (%) on sugar beet seedling at various growth stages, freezing

temperatures and freezing duration in the green house

(Cel) Ol Sde
Freezing duration (h)

(:ljf Sl 4 53) Les
Freezingtemperature (°C )

Growth stage ., 4>, 8 4 -4 -2 0 R’i;
Cotyledon Sl S 3490 205¢ 79.5b 23d 1.3d 27.7b
Two leaves S s 384 a 304c 89.8a 13.4c 00d 344a
Mean Sl 36.7a 254c 84.6 a 790 0.6 c
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Means, for main effect and interactions, followed by similar letter are significant at the 5% probability level
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Table 3. Mean of freezing damage (%), freezing temperatures on sugar beet seedling in xfor interaction of time

the green house

(18 ) bes

Freezingtemperature (°C )

(Cel) Ol Soue
Duration (h)

4
8

-2 -4
63¢ 693 b
95¢ 100 a

L5115 e gl o 3 O el 53 (55lT 31l o alie o T3 87 ola o Kibe bl 31 (s
Means, for interactions, followed by similar letter are not significant at the 5% probability level
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Table 4. Mean of freezing damage (%) on sugar beet seedling for growth stages and freezing temperatures in the

green house

Cultivar ,s,

I

N o @
Rasol Shirin 276 428 &S 308 7233 BR1
5 95
e 28.3 22.0 24.9 33.6 35.0 30.6 19.7
Loy al> e Cotyledon
Growth st g
rowt stage o 25 375 35.6 319 339 386 324 307
Bi-foliate
(18 sl bes 0 0.0 1.2 0.0 0.0 3.5 0.0 0.0
Temperature -2 9.2 8.7 2.6 7.7 4.9 7.7 4.4
(°C) -4 89.5 74.6 82.7 93.6 92.1 86.9 71.3
Mean Sk 329D 28.8cd 284ab 337c¢ 36.8a 31.5c 252d

A5l (r o y3 PIF Lyl A3 0 Jlosl o 53 bliza 3l aglin (51 LSD ltie

LSD value for comparison of the interactions is 3.4% at the 5% probability level

S35 2 o 205m S sSB Calibee o shaus 53 L35 IS il 5l (sl syl uilyls 4 2 = 0 s
GBS Lyl 5 e

Table 5. Analysis of variance for chlorophyll fluorescence parameters on sugar beet seedling in the green

house conditions

5T 4y MS ol Sl
S.O.V. i sk d.f. Fu/Fm F, Fum F,
Temperature (A) L 1 0.164 " 3.87" 3.99 ™ 0.001 ™
Time (D) olej 1 0.036 3058 475" 0.079 ™
AxB 1 0.021" 022 027 0.003 ™
Variety (C) ey 6 0.015" 0.08 ™ 0.08 ™ 0.003 ™
AxC 6 0.016 ™" 0.11™ 0.12™ 0.003 ™
BxC 6 0.002 ™ 0.20™ 0.29 ™ 0.010™
AxBxC 6 0.003 ™ 0.14™ 0.19™ 0.006 ™
Error s 56 0.005 0.07 0.08 0.004
CVY Sli e, 9.1 22.9 19.6 19.7
ns: Non-significant S5 se 18

* and **: significant at %5 and %1 of probability levels respectively

il b LS e 5 ST e 5,8
4 4= 5 L .(Papageorgious, 1975)X 5% oo b5 IS
a3 =Y i 3 (S35 S I el )
Sl g ST lade zals Eel sl sl
53 3 8 A i amalS LS 00 Jbs i
gfgjéajw&mo;l;omgdﬁ;w
5058 (o Il s 58 53 DT 5S35 55 il

gy
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xn o33 S5 Jleil o 53 il b f55 187
I e e S LSk pLSSI Ll o g s
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Table 6. Means for chlorophyll fluorescence parameters at various levels of

factors on sugar beet in green house conditions

S5 31 il b a2t
Chlorophyll fluorescence parameters

Factor |\ Fi F, F,/F.
Temperature (°C ) (51,5 slo 4 ,3) Lo 0 0.318a 1.71 a 1.39a 0.81 a
2 0314 a 1.27b 0.96 b 0.72 b
Duration (h) (Celo) Obj Sde 4 0.346 a 1.73 a 1.38 a 0.79a
8 0.285b 1.25b 0.97 b 0.75b
Cultivars £l Rasol 0.315a 1.33a 1.01a 0.69b
Shirin 0.350 a 1.52a 1.17 a 0.76 a
276 0.307 a 147 a 1.16 a 0.78 a
428 0.303 a 1.59 a 1.28 a 0.80 a
Gadook 0.319a 1.51a 1.19 a 0.76 a
7233 0.304 a 1.51a 1.21a 0.78 a
BRI 0.312a 1.51a 1.20 a 0.78 a

L5115 e gl o 3O pelan 53 (55T L 31l o il oy 15 7 ola 0 Sibe o) 3 s
Means, for main effects, followed by similar letter are not significant at the 5% probability level

L@JTJJ..Z.«:IJ_?G:JLNL?):—\‘ ""fu—?%.citgl‘“’
Y 50) Ol s Jled 5o Sl b Srals
Fy jldcie (8 Jgda) sls 0L 1) by ome et
5835 e S Al o gla 25 Uy Y jens
L S5 4 deden Lol &7 (6555 Sl oS Camils
5545 (Anonymous, 1993) Wb o zalS ks 5
P 5 53 AT Lyt e 35 pSl o
SIS sl 0l s j;;'@oujaw,ug
2o S ol pulyl ldie Colu A cele F 5l Ok
(& o) oL 2aS(FJ/Fy 5Fy, Fo, Fo) juilu sl
o Jbo N il g ST aS dns a DL ol
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ol (alqdl Sldds wlul  (Smillie and Not, 1979)
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Table 7. Analysis of variance for freezing damage (%) on sugar beet seedling in field conditions

L el Sl Sl
S.0.V. = i s
Growth stage (A) 4, b 2 2.950 "
Temperature (B) Los 2 17.845 ™
AxB 4 1.1557
Duration (C) ol Sonke 1 2.479"
AxC 2 0.127 ™
BxD 2 11677
AxBxD 4 0.118 ™
Cultivar (C) 5 6 0.340 ™
AxD 12 0.041 ™
BxD 12 0.134 ™
AxBxD 24 0.073 ™
CxD 6 0.005 ™
AXCxD 12 0.053 ™
BxCxD 12 0.013™
AXBXCxD 24 0.056 ™
Error s 252 0.050
(CV%) ol o b Ao 14.77

ns: Non-significant

BRSPS 1N

* and **: Significant at the %35 and %1 of probability levels, respectively uw,s my 5 &5 7 sl 53 513 (re 5 5 4% 5 ¥
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Table 8. Mean of freezing damage based on growth stages, freezing temperature, time, and thier interaction

(Cels) Olj Suke

Freezing duration (h)

(18 sl bes

Freezingtemperature (°C )

Growth stage 4z 4>, 8 4 -4 ) 0 ;Zj a:
Cotyledon sl S 27.7b 193¢ 70.6 b 00e 0.0e 235b
Two leaves L s 479 a 28.2b 849a 27.8d 14b 38.1a
Four leaves 5, > 184c 6.9d 379¢ 0.0¢ 00e 12.7c¢c
Mean Sl 314a 18.2b 64.5a 93b 05¢c

L1l e 3l 30 e 53 (65lT AL e alie Oy syl o (gla S0l Blime iy ol ST )
Means, for main effect and interactions, followed by similar letter are not significant at the 5% probability level
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Table 9. Mean of freezing damage (%) on sugar beet and the interaction of freezing temperatures x freezing

duration on detached leaves from the field

(51,8 5l o 53) Les
Freezingtemperature (°C )

(Cels) Ol Ske

Duration (h) 0

4
8

00¢
09e¢

2 4
49d 4950
13.6c  79.5a

LIl pme Sl M)Abclaa):‘;)bTJEleJ;Lb_@A{mg;}f 6‘)‘)5&u;ﬂ§;l:ﬁ$m;‘é‘ﬁ
Means, for interactions, followed by similar letter are not significant at the 5% probability level
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Table 10. Mean of freezing damage (%) on detached leaves from the field for seven sugar beet cultivars at

various growth stages and low temperature treatments

Cultivar ,s,

I

R

Rasol S 276 428 S8 7233 BRI
Sl 255de  155f  297c¢d 272de  305c¢d 232e  129f
Cotyledon
o e & 252 34.1¢ 41.1b  465a  32.8¢ 51.6de  32.7c¢  27.5de
Growth stage Two leaves
S 2ok
Fo e 147 114f  277f 42¢ 242¢ 44¢g 19¢
GE sl 0 0.0h 0.0h 0.0h 0.0h 33gh  0.0h 0.0h
Ter;;e;; re(:c) 2 61g 127f  147f 6.1g 17.5 6.1¢g 1.6 gh
peratu -4 683c  553d 893b 58.1d 855a  543d 40.7e
Mean 5L 248c  227cd  347b  21.4b 354a  20.1d l4le

L, Hls gae Dsls Ao s 0 c]a.u;:é)l.aT,\éijlu\;_ib'@thij L;l;l:df&h&ﬁl:.a&\.&ujbylgl;lélﬂ
Means, for main effect and interactions, followed by similar letter are not significant at the 5% probability level
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Effect of freezing damage at seedling stage in different sugar beet cultivars

Jalilian A.' D. Mzaheri,” R. Tavakkol Afshari,” M. Abdollahian-Noghabi,’
H. Rahimian® and A. Ahmadi®

ABSTRACT
Jalilian A., D. Mzaheri, R. Tavakkol Afshari, M. Abdollahian-Noghabi, H. Rahimian and A. Ahmadi.
2009. Effect of freezing damage at seedling stage in different sugar beet cultivars. Iranian Journal of Crop

Science. 10(4):400-415 (in Persian).

This study was conducted to determine freezing damages on sugar beet seedling (at cotyledon, two and four
leaves stages) in seven sugar beet cultivars (Shirin, Rasol, Gadook, 276, 428, 7233 and BR1) in Karaj in 2002
cropping season In first experiment, sugar beet seedlings at the four mentioned stages were transferred to the
growth chamber and exposed to zero, -2 and —4°C for two periods of 4 and 8 hours. Second experiment, was
carried out in the field to compare the results of greenhouse and field. Leaf samples were taken at three growth
stages of sugar beet seedlings, transferred to growth chambers, and exposed to freezing temperatures.
Assessment of freezing damages was performed using visual (survived or dead) and leaf chlorophyll florescence
measurements. The results showed that freezing damage was 0.5, 8 and 85%, for low temperatures of zero, -2,
and -4°C, respectively. Freezing damage on the detached leaves from field and the seedlings grown in growth
chamber showed similar results. Chlorophyll fluorescence measurements as index for freezing damage showed
that an increase of freezing stress caused a decrease in the amount of F,, (maximum chlorophyll fluorescence)
and Fv/Fm (photochemical efficiency of photosystem II). Sugar beet cultivars were more susceptible at two-
leaves stage as compared to four- leaves stage. The threshold of freezing damage had no significant differences
among sugar beet cultivars, however, BR1 and Gadook cultivars showed the lowest and highest susceptibility to
freezing, respectively. Results also showed that threshold of freezing damage on sugar beet seedling in

concerned cultivars was -2°C and the lower the temperature the more damages occur in the field.

Keywords: Chlorophyll fluorescence, Freezing damage, Photosystem 11, Sugar beet, Freezing and Threshold.
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