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ABSTRACT

The physiological and morphological responses of seven sugar beet cultivars including three domestic cultivars (Jolge, PPB and
SBSI1) and four exotic cultivars (Giada, Monotunno, Palma and Suprema) to freezing stress were studied in controlled environment
in Agricultural College of Ferdowsi University of Mashhad in Iran. The experiment was performed as factorial with randomized
complete block design arrangement in three replications. Plants were exposed to different freezing temperatures (0, - 2, -4, -6, -8, -
10, -12,-14, -16 and -18 °C) at seedling stage. Percentage of electrolyte leakage, minimal fluorescence level in light-adapted leaves
(Fs), maximal fluorescence level in light-adapted leaves (Fms), variable fluorescence (AF), efficiency of PSIl photochemistry (AF/F ),
net photosynthesis rate, leaf numberand area, radicle length and diameter, and survival percentage were measured. Monotunno
cultivar showed higher survival (88%) and electrolyte leakage (26%) compared with other cultivars. The minimum (-16.9 °C) and the
maximum (-15.2 °C) of lethal temperature 50% level according to survival percentage, and also the maximum (0.7%) and the mini-
mum (0.59%) average of efficiency of PSIl photochemistry, were observed in cultivars Monotunno and SBSI1, respectively. A nega-
tive and significant correlation (r=-0.65, P<0.001) was found between electrolyte leakage and survival percentage, and also among
recovered plants traits. Survival percentage showed significant and positive correlation with leaf number (r=0.88, p<0.001) and
radicle length (r=0.87, p<0.001). A positive and significant correlation between survival percentage and AF/F,.ratio and also, a neg-
ative and significant correlation between AF/F, with LTsq,, (r=-0.85, p<0.001) and lethal temperature 50% according to electrolyte
leakage (LTsge1, r=-0.84, p<0.001), indicated that the cultivars which had a lower electrolyte leakage percentage and higher survival
after recovering period, showed higher AF/F,s ratio. In tolerant cultivars, with decrease of electrolyte leakage, the LTsgs, and LTsper
indices were decreased significantly and a significantand positive correlation was observed between these indices (r=0.75, p<0.05).
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INTRODUCTION winter raining and avoidance of summer droughts,
led to autumn planting of sugar beet in southern

reezing tolerance is an important characteristic area of Spain, Italy and Greece (Rinaldi and Vonel-

_ for overw.intering plants to survive a .hars.h la 2006, Caliandro et al. 1996). Contrary to these
winter (Sasaki et al. 1998). Sugar beet planting in regions, which have Mediterranean climate and
Irar? h.as the minimum I|m|tat|on_o1_‘ receiving sun semi-mild winter (Scott et al. 1973), Khorasan
radiation and is dependent on irrigation in arid province mostly has a cold winter and therefore,
and semi-arid regions. Due to excess of water us- plants may be exposed to cold stress.
age in spring planting and water resource bounda- Too many studies have been done to find rapid
ries, the spring planting is risky. For this reason, and effective methods for evaluation of the
autumn planting has beer\ considered in some plant’s cold hardiness (Fowler et al. 1981). Electro-
regions of Khorasan province. Proper usage of lyte leakage is one of these methods which is
*Corresponding author’s email: Majiddashti@stu-mail.um.ac.ir measured according to the damage of cell mem-
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brane, caused by freezing stress. The basis of this
method is on the measurement of cellular solu-
tions such as potassium, amino acids, carbohy-
drates, and in general increase of electrolyte
leakage to out of the cell (Mirzaee et al. 1989).
This method is fast, inexpensive, and gives a prop-
er estimation of the degree of freezing tolerance
and the level of cell membrane damage in a large
volume of plant samples (Colombo and Raitanen
1993; Odlum and Blake 1996; Mirzaee et al. 2002;
Nezami 2002; Cardona et al. 1997). Nezami et al.
(2006) studied the electrolyte leakage as an index
of freezing damage in rapeseed and reported the
increase of electrolyte leakage degree as a result
of temperature decrease in all cultivars. Tempera-
ture which induces electrolyte leakage 50% is sug-
gested as electrolyte leakage lethal temperature
(LTsge1) (Shashikumar and Nus 1993; Gusta et al.
1982). Abiotic stresses influence directly or indi-
rectly the photosynthetic characters of the leaves
and also change their fluorescence characters
(Gray et al. 2003). Freezing stress may strongly
hamper the leaves metabolism and causes dam-
ages due to exacerbation of light irradiance on
photosystem 1l, and the reduction in electron
transport rate in photosynthesis system (Baker
and Rosenquist 2004). Measurement of chloro-
phyll fluorescence parameters is an appropriate
and non destructive method for determination of
the differences existing among plant species
(Neuner and Larcher 1990) in relation to environ-
mental stress tolerance and as an important crite-
ria for quantification of the cold hardiness in
maize and rice cultivars and lines, and in tolerant
sunflower lines to heat stress (Dobrowski et al.
2005). Efficiency of PSIl photochemistry is the
main parameter in stress evaluation and the rate
range between 0.75 to 0.85%. However, the stress
will change this range (Petite et al. 2005). Levitt
(1980) suggested lethal temperature 50% of
plants in controlled conditions as a proper method
for cold hardiness measurement. In cereals also,
the crown LTsy determination is used as a method
for estimation of the plant survival after cold
stress (Gusta and Chen 1987; Fowleret al. 1981).
Huner et al. (1993) reported that the cold hardi-
ness index in cereal has a linear and negative rela-
tionship with the increase of photosynthesis
capacity. Hence, any factor which has a direct or
indirect influence on plant photosynthesis, affects
cold hardiness of plants.

The objectives of this study were (1) to evalu-
ate the correlation between morphological and
physiological traits of autumn sugar beet cultivars

under freezing stress situation in seedling stage,
(2) to determine the indices with higher role in
cultivar variation and (3) to determine tolerant
cultivars to freezing stress.

MATERIALS AND METHODS

The experiment was conducted at Agriculture
College of Ferdowsi University in mid-October,
2009. The experiment was conducted in factorial
design with randomized complete block design
arrangement in three replications. Seven cultivars
(Suprema, Jolge, Monotunno, Giada, PPS,
SBSIland Palma) used in the present study were
exposed to ten freezing temperatures (0, -2, -4, -6,
-8, -10, -12, -14, -16 and -18 °C). In mid November,
the seeds were sown ar the depth of 1-2 cm of
each pot (20 cm height and 12 cm diameter). Pots
were filled with a same composition of sand, field
soil, and peat moss. Seedlings were thinned to five
plants after establishment. To apply cold acclima-
tion, seedlings were kept at normal temperature
until 6-8 leaf stage. Twenty four hours before
freezing temperature application, the pots were
watered and then transferred to a thermo-
gradient freezer to apply freezing stress. The pri-
mary temperature of the freezer was set at 5 °C,
and after transferring the samples, it was de-
creased 2 °C in every one hour. To induce ice nu-
cleation activity, leaf surface of the seedlings were
sprayed with a thin layer of ice nucleation active
bacteria (INAB) solution at -3 °C. To balance the
temperature of the experiment area, plants were
kept in freezing treatment for one hour, then the
samples were transferred to growth chamber with
4+2 °C temperature and kept for 24 hours to de-
crease melting rate. Then, plants were transferred
to cold frame.

Electrolyte leakage percentage was evaluated
by detaching young and completely developed
leaves (5 leaves from each pot), placing in Mcarti-
ni glasses containing 75 mL of double distilled wa-
ter and shaken at room temperature for 24 hours.
Electrical conductivity (E;) of each sample was
measured using EC meter (Senway model). The
total rate of electrolyte leakage after cell death
was measured by placing the samples in an auto-
clave with 15 pound pressure per inches (PSl)
equal to 1.03 bar, and approximate temperature
of 121 °C for 20 minutes. Samples were placed on
a shaker again for 24 hours and the electrical con-
ductivity was recorded (E;). Electrolyte leakage
percentage was estimated using equation 1. After
21 days of transferring the pots to cold frame,
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Table 1. Physiological traits of autumn sugar beet cultivars in different temperatures averaged over replication

11

Cultivar Survival LT50el LTs0su RDMTs, Leakage Maximum Leakage Leakage AF/Fns  Photosynthesis, 3

(%) (%) leakage percentage in percentage in weeks after stress
(%) LTSOeI LTSOsu

Suprema 88.3a -11.8c -16.9¢ -16.8 ac 37.0a 81.4a 48.2 a 76.7 a 0.658 b 8.7b

Jolge 85.3ab -11.9c -16.3bc -14.6a 38.7a 79.9a 49.3a 77 a 0.655b 7.9 bc

PP8 80 b -1l1.4abc -15.2a -14.8a 38.5a 76.2a 46.2a 72.7a 0.618¢ 7.1c

SBSI1 80 b -11.1ab -152a -15.4 ab 31.1b 63.3 bc 39.9b 58.5 bc 0.599 e 8.2 bc

Monotunno 88.7a -12.0c -16.9¢ -15.9abc  26.0c 54.2d 32.7b 53.8c¢ 0.700a 10.8a

Giada 85.3ab -10.9ab -16.0abc -16.3bc 29.5b 60.5 ¢ 349b 57.5 bc 0.606 d 10.3a

Palma 81.1b -10.6a -154ab -14.6a 316b 66.8 b 36.5b 62.5b 0.616¢ 7.6¢c

Means with the same letter in each column are not significantly different.

survival percentage and seedlings recovery were
estimated by counting alive seedlings through
equation 2. In addition, growth characteristics
such as leaf area, number and dry weight, and also
root length and diameter were measured.

Lethal temperature 50% according to electro-
lyte leakage (LTs0e1) Was measured on the basis of
average leaf leakage percentage diagrams vs
freezing temperature (Anderson et al. 1988; In-
gram 1985) using equation 3:

(1) (E1/E3) x 100 = electrolyte leakage percentage

[(number of survived plants after freezing
(2) treatment)/(number of plants before freezing
treatment) x 100]

(3) E1,= E1;+[(E1n-E1y)/(1+€ ™7™

where E1; is the estimated electrolyte leakage, E1,
is the minimum limit of electrolyte leakage, E1,, is
the maximum electrolyte leakage, e is equal to
2.714, B is the rate of curve slope increase, T is
absolute value of the thermal treatment, and T, is
the value of LTsge; — turning point of the curve
(zhu and Liu 1987).

Lethal temperature 50 according to the plant
survival percentage (LTsosy) and reduced dry mat-
ter temperature 50 percentage (RDMT50) were
estimated according to survival percentage and
aerial dry matter of each cultivar against freezing
temperature, respectively.

A fluorescence meter (OS1-F1 chlorophyll Fluo-
rometer) was used to measure the value of chlo-
rophyll fluorescence by measuring the side edge
of fully developed young leaves (with a distance
from the midrib) in a period of 2 to 72 hours after
freezing. Measured parameters were: minimal
fluorescence level in light-adapted leaves (Fs),
maximal fluorescence level in light-adapted leaves
(Fms), variable fluorescence (AF), and efficiency of
PSIl photochemistry (AF/F,). Plant net photosyn-

thesis rate was measured with an IRGA (LCA4,
ADC Company, Hoddeson, England). The rate of
net photosynthesis was measured at PAR of 900
pmol m™2 s for a completely developed young
leaf.

Data were analysed using SAS, SPSS 15 and
Sigma Plot 17 software. For drawing the diagrams,
Excel 2010 and Curve Expert 1.3 were used.

RESULTS AND DISCUSSION

Survival percentage was not affected until -
14°C, and also after recovery period, however, as
the temperature decreased further, survival per-
centage declined with a sharper gradient. Culti-
vars Monotunno and Suprema with average
survival percentage of more than 88% had higher
tolerance (Table 1). No cultivar could tolerate -18
°C. Cultivars Monotunno and Giada had higher
number of leaf area and dry weight, and also
higher radicle diameter after recovery compared
with sensitive cultivars (Table 2). There was a sig-
nificant and positive correlation between survival
percentage and all morphological traits (p<0.001).
Survival percentage showed high correlation with
leaf number (r=0.88, p<0.0001), and radicle length
(r=0.87, p<0.0001). Electrolyte leakage percentage
showed significant difference among cultivars
(P<0.01) (Table 1). The degree of electrolyte leak-
age was negligible until -5 °C and as the tempera-
ture decreased further, the cultivars which
achieved the maximum degree of leakage through
a mild gradient with lower total leakage, showed
higher tolerance to freezing stress compared with
other cultivars.

Cultivar Monotunno with average leakage of
26% and maximum leakage of 54%, and cultivar
Jolge with average leakage of 39% and maximum
leakage of 80% had the lowest and highest elec-
trolyte leakage degree, respectively (Table 1).
Through maintaining the plasma membrane integ-
rity and decreasing electrolyte leakage percentage
after freezing treatment, survival percentage in-
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Table 2. Morphological traits of autumn sugar beet cultivars in different temperatures averaged over replication

Cultivar Root length (mm)  Root diameter (mm) Leaf dry weight Leaf area (cm'z) Leaf number
(mg/plant)

Suprema 62.0b 2.7b 124.0d 13.8 cd 5.3d
Jolge 72.2a 2.8b 150.9¢ 155¢ 5.9 bc
PP8 50.2 ¢ 2.4c 111.7d 12.2d 4.7e
SBSI1 51.7c 2.0d 87.4e 95e 40f
Monotunno 473 ¢ 3.0b 284.2a 326a 6.1b
Giada 58.4b 41a 201.1b 20.4b 7.7a
Palma 59.4b 2.7b 108 de 12.2d 5.8a

Means with the same letter in each column are not significantly different.

creased in tolerant cultivars. The influence of cold
stress on electrolyte leakage differs based on cul-
tivar’s freezing tolerance (Cadona et al. 1997). In
study by Nezami et al. (2006) and Cadona et al.
(1997), the gradient of the electrolyte leakage
percentage curve versus freezing temperature
was lower in tolerant cultivars rather than sensi-
tive cultivars, and may be considered as a proper
index for evaluation of cold tolerance.

There was a negative and significant correla-
tion between electrolyte leakage percentage and
survival percentage (r=-0.65, p<0.0001) (Table 3).
A negative and significant correlation was also
observed between leakage percentage and all
morphological traits such as leaf area and dry
weight, and also the length and diameter of root
in recovery stage (Table 3). Similar correlation co-
efficient was obtained in Triticale (Nezami et al.
2010).

Minimum and maximum LTsqs, With -16.9 and -
15.2 °C were found in Monotunno and SBSI1 culti-
vars, respectively. A negative and strong correla-
tion between LTso,, and survival percentage (r=-
0.99, p<0.0001) illustrated that the cultivars with
negative LTsos, had higher survival percentage af-
ter recovery period (Table 4). Although, Mono-
tunno cultivar had a lower LTs, among other cul-
cultivars but showed more positive RDMTs ratio (-

15.9°C) than Suprema (-16.8°C) and Giada (-
16.3°C) cultivars (Table 1). No significant correla-
tion was found between RDMTs, and survival per-
centage (r=-0.68) and also LTsqs, (r=0.65). These
results are in contrary to the findings previously
reported in a study by Nezami (2002) on bean,
and Nezami et al. (2010) on spring sugar beet
which showed positive and significant correlation
of RDMTs, with survival percentage and LTsg,. It
does not seem that this index could give an accu-
rate estimation of cold damage in sugar beet cul-
tivars.

Monotunno indicated a priority to other culti-
vars with lower LTsee: (-12°C) and the minimum
electrolyte leakage percentage compared with
other cultivars. In tolerant cultivars Monotunno
and Suprema, LTsee; and RDMTs, indices were 1.4
and 2.2°C lower than sensitive cultivars, respec-
tively (Table 1). In study by Nezami (2002), LTsqs,
index in cold tolerant genotypes of pea was 2°C
lower than sensitive genotypes. Owing to lower
value of LTsos, compared with LTsee; in all cultivars,
electrolyte leakage in LTspe; is less than LTs,.
Based on this result, cultivars Monotunno and Gi-
ada with the minimum leakage percentage in both
lethal temperature 50% can be selected as toler-
ant cultivars to freezing.

Table 3. Correlation coefficients among leaf number, area, and dry matter, root length and diameter, survival percentage and
electrolyte leakage, chlorophyll fluorescence and photosynthesis in autumn sugar beet cultivars

1 2 3 4 5 6 7 8 9 10 11 12
Leaf number 1

Leaf area 07" 1

Leaf weight 073" 098" 1

Root diameter 093" 0677 0747 1

Root length 08" 049 0517 0757

Survival percentage 088" 0637 0647 0837 0877 1

Leakage percentage 062" 0547 0547 0547 06" 065" 1

Fs-8 068" 047 043" 065" 068 0747 0617 1

FMS -9 073" 0677 068" 065 073 076 -078" 082" 1

AF-10 072" 069 069" 0647 0717 083" 0787 078 0997 1

AF/Fms -11 084" 0697 0.697 0.787 085" 0977 0707 076" 09277 097 1
Photosynthesis, 1 week afterstress  0.61°  0.69° 0.69° 0.54" 055 058 -0.87 054 079 08" 067 1
Photosynthesis, 3 weeks afterstress  0.65°  0.65  0.66  0.59" 0.62" 0.67 -0.94" 066 083" 084 073" 095"

*** Significant at p < 0.0001
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Table 4. Correlation coefficients between LTsgeq, LTsqs0, RDMTsg, leakage percentage in LTsge; and LTsgg, in autumn sugar beet

cultivars

Traits Moo Moo RDMTs Leakage percentage Leakage percentage
in LTspel in LTsosu

LTs0su 0.748 0.648™

RDMTsq 0.257"™ 0.114"™

Leakage percentage average -0.253™ 0.003™ 0.255™

Maximum leakage percentage -0.273™ -0.075™ 0.173™

Leakage percentage in LTspe -0.438™ -0.077"™ 0.156 ™

Leakage percentage in LTspe 0.374™ -0.849 0.172"™ 0.989 """

AF/Fs 0.842" 099" -0.267™ 0.074™ 0.068"

Survival percentage -0.699 ™ -0.706 -0.679 ™ 0.025™ 0.0298 "™

Photosynthesis, one week after stress -0.321™ -0.677"™ -0.570 ™ -0.608 ™ -0.611™

Photosynthesis, three weeks after stress -0.291™ -0.687 "™ -0.701 "™ -0.589 ™ -0.613™

Leaf area -0.470"™ -0.681"™ -0.381"™ -0.487 "™ -0.501™

Leaf dry weight -0.446™ 0.283™ 0.391"™ 0.473"™ 0.489™

Root diameter 0.146 ™ -0.208™ -0.364 ™ -0.206 ™ -0.163™

Root length 0.155™ 0.648™ 0.158™ 0.586 ™ 0.628"™

ns=not significant, *p<0.05, **P<0.001, ***p<0.0001

Although electrolyte leakage percentage
showed a non significant correlation with LTspes
(r=-0.25) and LTsg, (r=0.12) in all cultivars (Table
1), Table 5 and Figure 2 show that this trend was
different in both sensitive and tolerant cultivars.
Cultivars were placed into two separate groups
based on correlation between lethal temperature
50%according to leakage and survival with electro-
lyte leakage and survival percentage indices. In
Monotunno, Giada and Palma cultivars (Group A)
correlations were positive and in some cases sig-
nificant but in group B, it was negative and non
significant, and the resultant of these two groups
dsiplayed an unstable and non significant trend
(Table 4). Gusta et al. (2001) reported negative
and significant correlation between survival LTso
and field survival index (FSI) (r=-0.509, p<0.05),
and also between FSI and crown water contain
(r=-0.649, p<0.05) indices of different tolerant
genotypes of wheat, classified in semi-tolerant (A)
and tolerant (B) groups. However, these correla-
tions were not significant in semi-tolerant geno-

types.
In tolerant cultivars, with electrolyte leakage

Table 5. Correlations among autumn sugar beet cultivars
based on LT5pe1 and LTsq,, Group A: Monotunno, Giada and
Palma, group B: remained cultivars

LTSOEI LTSOSU
A B A B
Leakage percentage average " : ™
Maximum leakage percentage " : ™
Leakage percentage in LTsoel " 7
Leaf area o B ™
Leaf dry weight T _mem
Root diameter w7 +0
Root length " +0

ns=not significant, *: significant at p<0.05, **: significant at
P<0.001, ***: significant at p<0.0001

reduction, LTsee; and LTsos, Were decreased signifi-
cantly and a positive and significant correlation
was observed between LTsp.; With LTso, (Table 5,
Figure 2). Positive and significant correlation be-
tween discussed indices were also observed in
rapeseed (Nezami et al. 2002), wheat (Mirzaee et
al. 2002), sugar beet (Nezami et al. 2010) and saf-
flower (Nezami and Naghedinia 2010). Despite
this, Cardona et al. (1997) reported that the pas-
palum cultivars which had more negative LTsosy,
had also higher leakage percentage in both cold
acclimation and de-acclimation. Table 5 shows
similar correlations between morphological traits
with LTsge; and LTsgg, indices in both groups of A
and B. The efficiency of PSIl photochemistry was
found to be higher in Monotunno with average of
0.7 and the lower value was found in SBSI1 with
average of 0.59 among sugar beet cultivars affect-
ed by different freezing temperatures (Table 1).
The index changes in various freezing tempera-
tures showed that similar to survival percentage
index, no significant differences were observed
among sugar beet cultivars until -14°C and with
gradual decrease of temperature to below -16°C,
the difference was significant and at -18°C
reached to ziro (data not reported).

The average value of the efficiency of PSIl pho-
tochemistry in recovery period showed that apply-
ing freezing stress had a different influence on this
trait. In the first 24 hours after applying tempera-
ture treatments, the trend was decreasing, but 72
hours after freezing stress and together with plant
recovery, the values increased and reached ap-
proximately the level before stress (Figure 1). The
effect of freezing stress on barley showed that this
plant has an ability to recover the efficiency of PSII
photochemistry after 72 hours of experiment but
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Fig. 2. Coefficient of determination between LT5p.1 and LTsq, With survival and leakage indices in tolerant and sensitive cultivars

0 autumn sugar beet

the data were not same as reported before stress,
and the reason of this inability was the reversible
inducted electron capacity and damages to photo-
synthetic reaction centres (Dai et al. 2007).

The results also indicated a positive and signifi-
cant correlation between chlorophyll fluorescence
and specially the efficiency of PSIl photochemistry
with survival percentage (r=0.97, p<0.0001) and
also all morphological traits (table 3). So, it seems
that cultivars with higher survival percentage after

recovery period have a higher efficiency of PSII
photochemistry compared with the influenced
plants.

Jalilian et al. (1999) also reported the reduction
of maximum chlorophyll fluorescence (Fm) and
efficiency of PSIl photochemistry in spring sugar
beet cultivars as a reason of freezing damage in-
crease in plants. Dai et al. (2007) suggested elec-
tron transport rate of photosystem Il as a proper
index for identification and evaluation of cold tol-
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Fig. 1. Variation of the efficiency of PSII photochemistry in
autumn sugar beet cultivars during different times of
freezing stress application in controlled conditions (each
point is the average of 70 measurements)

erance in barley, during recovery from freezing
shock. Table 3 also shows a negative and strong
correlation between AF/F.s and the average of
leakage percentage (r=-0.7, p<0.0001). This index
was higher in cultivars having minimum degree of
electrolyte leakage at freezing temperatures than
sensitive cultivars. In tolerant cultivar Monotunno,
this ratio was equal for both recovery period and
before stress. Difference in cultivars genetic com-
position for freezing tolerance potential is also
effective to this situation. Since the origin of toler-
ant cultivars Monotunno and Giada is cold regions
of Switzerland and Germany, they will have higher
cold tolerance compared with the other cultivars
with tropical and warm regions origin. The results
of the efficiency of PSIl photochemistry reduction
owing to freezing damage on soybean (Strauss et
al. 2006) and wheat (Majdi et al. 2007) showed
that the reduction was significantly lower in toler-
ant cultivars compared with the sensitive ones.

A negative and strong correlation between
AF/Fs with LTspes (r=-0.84, p<0.0001) and LTsps,
(r=-0.85, p<0.0001) indicated that cultivars with
lower lethal temperature 50% had higher quan-
tum yield compared with the sensitive cultivars.
Hasselt (1996) also showed that the efficiency of
PSIl photochemistry after freezing stress is a fast
and suitable method for estimation of wheat
leaves tolerance to freezing and have a high corre-
lation with current methods such as leakage LTs,
recovery of triphenyltetrazolium chloride and vis-
ual assessments. Freezing stress influenced signifi-
cantly the plant net photosynthesis. Cultivars
Monotunno and Giada with average of 10.8 and
10.3 umol CO, m? S, had higher photosynthesis
rate after three weeks of recovery, respectively.
All studied cultivars could recover their photosyn-
thesis systems after 72 hours in the range of 0 to -

14°C but temperatures of -16 and -18°C led to ir-
reversible damages to plant photosynthesis sys-
tems.

A positive and strong correlation between pho-
tosynthesis rate and morphological traits was ob-
served after freezing. However, a negative and
highly significant correlation between electrolyte
leakage percentage with photosynthesis rate was
seen in first (r=-0.87, p<0.0001) and third (r=-0.94,
p<0.0001) weeks after freezing (Table 3). Results
also indicated negative correlation between pho-
tosynthesis rate and LTspe1, LTsgsy and RDMTsg indi-
ces after freezing and the only significant
correlation was with LTsos, (r=-0.71, p<0.05) (Table
4).
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