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Extended abstract

Introduction

Cold and freezing temperatures can cause serious damage to the potato plant (Solanum tubersum L.)
and decrease yield. In intense cases, the cold stress can even destroy the entire production. Most potato
cultivars are sensitive to cold, and temperature plays a crucial role in their geographic dispersal.
Physiological responses of plants to cold stress include increased calcium transfer, changes in membrane
lipid composition, enhanced antioxidant capacity, and accumulation of osmotic protectors.
Compatibility, which involves the aggregation of cold-protecting polypeptides and osmolytes, is the
primary method that plants use to cope with cold stress. Cold-compatible plants often store higher levels
of soluble carbohydrates in their underground tissues. This study was conducted to investigate the
mechanisms of cold tolerance in four potato cultivars: Agria, Fontane, Arinda, and Santé, highlighting
the importance of cold stress to potato plants.

Materials and methods

The study was conducted using a completely randomized design with four replications. The factors
considered were temperature (4, 2, 0, -2, -4°C) and potato cultivars (Agria, Fontane, Arinda, and Sante).
To evaluate the response to cold, six-week-old seedlings were transferred to a thermogradient freezer
with darkness and a temperature of five degrees Celsius. The temperature gradually decreased at a rate
of two degrees Celsius per hour, and the seedlings were exposed to the desired temperatures (-4, -2, 0,
+2, +4 °C) for one hour. Two weeks after exposure to cold stress, the percentage of survival, plant height,
and the highest shoot dry weight of the cultivars were recorded. The content of malondialdehyde (MDA),
soluble carbohydrates, total phenols, proline, catalase enzyme activity, peroxidase, and superoxide
dismutase were evaluated. The statistical analysis was performed using Minitab v.17.3.1 software, and
mean comparison was conducted using Duncan's multi-range test at a five percent probability level with
standard error.

Results and discussion

The results revealed that the survival rate in cultivar Santé significantly decreased with decreasing
temperature. Cultivar Fontane exhibited a higher survival rate than other cultivars at a temperature of -
4°C. The phenol content in cultivar Santé at -2°C was 81% higher than in cultivar Fontane. In cultivar
Sante, the proline content increased fourfold as the temperature decreased from 4 to 0°C. In cultivar
Fontane, the proline content increased with a temperature decrease from 4 to -2°C and then decreased
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with further temperature reduction. The soluble carbohydrate content increased with a temperature
decrease in cultivars Santé, Arinda, and Agria, while it decreased in cultivar Fontane. Cultivar Santé
exhibited the highest increase in MDA (malondialdehyde) content, whereas cultivar Fontane showed
the lowest increment when the temperature decreased from 4 to -4°C. Regarding enzyme activities, the
CAT (catalase) enzyme activity increased 9.2-fold in cultivar Santé at a temperature of 0°C. In cultivar
Fontane, the highest CAT enzyme activity was observed at 2°C. The POD (peroxidase) enzyme activity
showed the highest increase in cultivar Santé with a temperature decrease to -2°C. In cultivar Fontane,
the SOD (superoxide dismutase) enzyme activity decreased with a temperature decrease to 2°C and then
increased by 80% with further temperature reduction to 0°C. After exposure to cold stress, plant height
decreased in cultivars Santé and Agria compared to the control, while it increased in cultivar Fontane
with a temperature decrease. The highest shoot dry weight was observed in cultivar Fontane at a
temperature of -4°C, whereas the lowest shoot dry weight was observed in cultivar Sante.

Conclusion

Generally, this study showed that cultivar Santé is more sensitive to cold than cultivars Agria, Fontane,
and Arinda. On the other hand, cultivars Fontane and Agria were found to be more tolerant. The studied
metabolites and antioxidant compounds of cultivar Fontane were more significant under cold stress
conditions, indicating more efficient defensive mechanisms compared to other cultivars. This ultimately
resulted in better cold tolerance for cultivar Fontane.
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Table 3. Effec of temperatures on antioxidants activity in potato cultivars in seedling stage

olio Cultivar Temperature (°C) Loo
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Means with the similar letter are not significantly different (P<0.01) based on last significant difference test

(Duncan).
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Table 4. Effec of temperatures on plant height and shoot dry weight in potato cultivars in seedling
stage

Olae o) Temperature (°C) Lo
Treats Cultivar -4 -2 0 2 4
. Sante 15.11 10.8 10.1 18.3% 20.1%n
oS el Arinda 209" 18.0"  19.9¢h 21 5bf 20.4%
Plantheight — agria 205" 19.6%h 242  23.4bc 26.5°
(cm) Fontane  23.0b¢  21.1°9  192M  2p5be 19.9¢h
i 0 Sante 48.9" 35.2 37.40 28.3" 30.0"
Shoot dry Arinda 193¢ 182¢f  199vf  2ogac 1489
weight Agria 2542 205%¢  200>f  18gdf 21604
(mg.plant?) Fontane 213 232% 189¢f 214b-¢ 1769
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Means with the similar letter are not significantly different (P<0.01) based on last significant difference test

(Duncan).
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Table 7. Correlation coefficients of studied traits in potato seedlings after application of low temperature (2 °C and 4
°C) (upper diameter -4 °C and lower diameter -2 °C)

-4°C

oo 1 2 4 5 6 7 8 9 10
1 . G 1 -0.72™ -0.59™ -0.777 -0.24™ 0.45™ -0.85™ -0.60™ 0.85™ 0.917
Survival
2 Jo -0.89™ 1 0.44™ 0.60™ 0.04™ -0.28"™ 0.47™ 021" -0.64™ -0.56"
Phenol
3 Brolin ofan -0.43™ 0.21™ 0.52" -0.28™ 0.02™ 0.65™ 0.20™ -0.69™ -0.57"
i
Olyoangs )
4 gouble -0.19™ 0.09™ -0.37"™ 1 0.25™ -0.33™ 0.74™ 0.62™ -0.73" -0.85™
Carbohydrate
5 M~>59A~*J‘6~>o9-“-° -0.57° 0.37™ -0.06™ 0.66™ 1 -0.32"™ 0.19™ 0.66™ 0.01" -0.24"™
6 CAT Siild 0.08"™ -0.15™ 0.49" -0.35"™ -0.24"™ 1 -0.34™  -0.37™ 0.19™ 0.46™
7 op Sl 099 087" 044 017" 0577 -004® 1 065 -0.867 -0.96"
S | 5 g
8 35 gouans S -0.52* 0.27™ 0.13" 050" 0.70™ -0.14™ 0.57" 1 -0.36"™ -0.68™
SOD
ol el sex sx ns ns *x ns *x * *x
9 : 0.94 -0.84™ -0.17™ -0.35™ -0.70 0.23 -0.92 -0.57 1 0.84
Plant height
10 0% 096" -0.85" -0.26™ -0.38° -0.73™ 0.17™ -0.96" -0.67" 0.96" 1
Dry weight
oy Vg a0 0 Jlis! mhaw (o lo e g o e pf S5 4 4 F 4 NS

ns and * and **: Non-significant and significant in probability levels of 5% and 1% respectively
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Table 6. Correlation coefficients s of studied traits in in potato seedlings after application of low temperature (0 °C)

tio : 5 3 . s 5 7 8 9 10
1 “ o
Survival
2 J#¥ o4em 1
eno
3 o o9 080 059" 1
rolin
Oy )5 ns * ns
4 037 -0.64" -044% 1
Souble carbohydrate
5 s wlgsodle a5 079" 073 0590 1
6 CAT M 62 057 0757 039 067" 1
" pop Ml g™ 041 056" 026 0.16% 044 1
g S()’)‘;M--’W'ﬁ’“ 070" -0.79" -091" 059" 082" -084™ 050" 1
9 h:l;ew)' 0.85% 041" -093" 025™ 049" -0.69" 064" 077 1
ant heig
05 -htJ‘"‘" 0¥ 081" -061” -0.99™ 043® 075" -0.82” 058" 093" 092" 1
ry weig
2oy ) g a0 O Jlaisl mh jo o cire g o dxe uf o 4T 5T NS

ns and * and **: Non-significant and significant in probability levels of 5% and 1% respectively
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Table 7. Correlation coefficients of studied traits in potato seedlings after application of low temperature (2°Cand 4°C)

(upper diameter 4 °C and lower diameter 2°C)

PN 1 2 3 5 6 7 8 9 10

Survival Y 1 084" 059" -042° 073° 012 -052° -062" 0407 0.84"
2 e J¥ 049° 1 044 031" 0847 021" 055 031 -021% -0.81%
3 orolin cPsr 064”035 1 068" -020% 018" 033® 066 -0.62" -0.76"
4 uble Car;"o';];ﬂ;r{;{g 0.35 -054" 020" 004 -009% 011" 045" -0.60" -052"
5 DA slgsogle ggg 012 062" -0.04™ 1 016™ -039% 017 -0.14™ 058°
6 cat NS 050" 020 -0.08® 009" 063" 1 029% 012° -0.05° 0.09"
7 oD Sl 0oe -034 056" 011" 018™ 027 1 050 -035% -0.55°
B (ghrwtieSlar oa1v 0637 0007 045% 031 0418 040° 1 0687 073
9 ot heigh:‘; EWSl g4 032% 089" -0.60™ 047 023 -0.68" -002° 1 054"
10 waeight““ 033 053 -063" -0.86" -0.52° -0.36™ 0.36"™ -0.327 047" 0.75" 1

oy Vg o 0 il mhaw (ol e g )l pire pf S5 4 g * g NS
ns and * and **: Non-significant and significant in probability levels of 5% and 1% respectively
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Fig. 2. Distribution of potato cultivars based on two main factors: A: 4°C, B: 2°C, C: 0°C, D: -2°C, E: -4°C.
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