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Extended Abstract

1. Introduction: Potato (Solanum tuberosum L.) is one of the most important food products in the world,
which is rich in carbohydrates, proteins, vitamins and other nutrients. Choosing the suitable planting date
and cultivars is one of the most important and effective ways to reduce the negative effects of
environmental stresses on potato characteristics. Cold stress is one of the limiting factors for production
of agricultural crops. One of the adverse effects of this stress is increasing the biosynthesis rate of reactive
oxygen species that causes oxidative stress. Plants have enzymatic and non-enzymatic mechanisms to
overcome oxidative stress. The enzymatic antioxidant defense system includes different enzymes such as
superoxide dismutase, catalase, polyphenol oxidase, guaiacol peroxidases and ascorbate peroxidase, and
the non-enzymatic antioxidants include the soluble sugars, proline, carotenoids and other compounds
such as flavonoids, and polyphenols. Nowadays, application of antifreeze compounds in agriculture is
widely used technique to overcome chilling injuries. These substances are quickly absorbed by plants and
increase the metabolic activity rate of plants. As a result, the amount of antifreeze proteins, amino acids,
carbohydrates, lipids, vitamins and minerals increases in the plant organs leading to more resistance rate
of plant cells against freezing. Potassium is one of the elements that reduces the effects of environmental
stresses such as drought, salinity, high temperatures, cold, etc. through the accumulation of soluble
carbohydrates and osmotic regulation. Also, potassium plays a role in regulating the activity of enzymes
related to the detoxification of reactive oxygen species. The aim of the current study was to investigate
the influence of cultivar, planting date and foliar application of antifreeze compounds on some of most
important morpho-physiological characteristics of potato crop.

2. Materials and Methods: The current study was conducted as a split-factorial experiment based on
randomized complete blocks design with three replications at Ardabil Agricultural and Natural Resources
Research Station during two cultivation seasons (2018-2019 and 2019-2020). The investigated factors
included planting date in two levels (August 1% and 11", foliar application of antifreeze compound at
two levels (foliar application with a mixture of Frezzebon amino acid + potassium, and water as a control)
and potato cultivars at 10 levels (901375, 901475, 902375, 8708-7, 8709-106, 7009-3, 905675, 8707-26,
Agria and Savalan). Foliar applications were performed at the end of the growth season as same time as
the increased likelihood of cold weather (considering the weather forecasts and the measured
temperatures in the field and their correlation, one week before the possibility of temperatures below 7
°C). Furthermore, before the spraying treatments, samples were taken from the experimental treatments
and frozen using liquid nitrogen and stored in a freezer. After 24 h of freezing, the samples were again
collected from the experimental treatments and rapidly frozen using liquid nitrogen before being
transferred to the laboratory for measurement of the desired characteristics. After collecting the samples,
laboratory experiments were conducted at the Faculty of Agriculture of Ardabil University of Medical
Sciences and the Agricultural and Natural Resources Research Station in Ardabil.

3. Results and Discussion: Based on the obtained results, it was found that the foliar application of the
amino acid Freezbon combined with potassium increased the yield, number of tuber per plant, leaf relative
water content, proline and the activity of antioxidant enzymes. Also, the planting date of August 1% has
the highest yield, number of tuber per plant, leaf relative water content, potassium and proline content,
and the activity of catalase, superoxide dismutase and polyphenol oxidase enzymes. In terms of yield,



901475 cultivar had the highest yield (43.02 ton ha*) and Agria cultivar had the lowest yield (26.35 ton
ha'). Among the cultivars studied, 8708-26 cultivar had the highest leaf relative water content, potassium
and sodium content. The maximum content of proline and antioxidant enzymes activity were related to
7009-3 and 8707-26 cultivars. Based on these results, it seems that the planting date of August 1% and the
foliar application of Freezbon with potassium can enhance the cold tolerance threshold, growth, and
performance of potato cultivars in regions with cold weather by regulating physiological and biochemical
responses. The results of the current study in line with the observations of the other conducted researches
on different horticultural crops demonstrated that choosing appropriate planting date and application of
antifreeze compounds positively influence the accumulation rate of osmoprotectants, cells antioxidant
capacity and plant water and nutrient status resulting in a significant increase in cold resistance rate of
plant cells.

4. Conclusion: Foliar application of antifreeze compounds Frezzebon amino acid + potassium, and planting
date on August 1% can positively influence potato cultivars yield and physiological characteristics under
cold conditions, therefore this foliar treatment and planting date are recommendable to overcome negative
effects of cold stress on potato characteristics in cultivation reigns with cold weather.
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Table 1- Interaction of antifreeze compounds foliar application and year on yield, number of tuber per
plant and leaf relative water content of potato cultivars

5 o) oSkee 50 0a¢ dlass 5l s Slgiee
ol oS 5 (s s (ao,0)
Treatment combination Yield Number of | ot relative water
(ton ha'?) tuber per content (%)
plant
Jgl Jlo X Lo ywas sols X 4+ 1YY (First year x Antifreeze x 901375) 43.31 b-e 10.33 b-d 77.95 f-j
Jsl Jls X Lo ywas ool X 41 FY0 (First year x Antifreeze x 901475) 37.98 e-h 9.16 d-g 82.1 e-i
Jsl Jls X Lo ywas sole X - YV (First year x Antifreeze x 902375) 32.3g-m 7.5h-l 82.06 e-i
Jsl Jlo X Lo ywas sl X AY-A-Y (First year x Antifreeze x 8708-7) 40.5 c-f 9.5d-f 78.8 f-
Jsl Jls X Lo ywas sole X L 371 (First year x Antifreeze x Agria) 26.35 m-p 6 l-q 77.7 1+
Jsl Jlos X Lo yussis ol X AV-4-3 - ¢ (First year x Antifreeze x 8709-106) 25.56 n-p 5.66 n-q 76.86 g-j
Jgl Jlos X Lo yunss sole X Vsl (First year x Antifreeze x Savalan) 3339k 7.83 g 70.33 i-m
Jsl Jls X Lo ywas sole X ¥+ - a-v (First year x Antifreeze x 7009-3) 27.25 k-p 6.33 j-q 65 j-0
sl Jlos X Lejsss 0sle X 4+ 070 (First year x Antifreeze x 905675) 46.5 a-c 9.83¢c-e 74.51 h-k
Jgl Jls X Lo yusais osle X AY-V-Y# (First year x Antifreeze x 8707-26) 31.63 h-n 7.5h-l 76.8 g-j
Jol Jlo x STx a-avvo (First year x Water x 901375) 37.21e-i 9.16 d-g 72.91i-
Jo Jlo x STx a-1fvo (First year x Water x 901475) 38.63 d-g 9.66 c-e 82.05 e-i
Jol Jlo x ST x a-vyvo (First year x Water x 902375) 34,95 f-j 8 f-i 82.03 e-i
Jsl Jlo X STx AV-A-Y (First year x Water x 8708-7) 37.91e-h 9.16 d-g 78.76 f-j
Jol Jlo x o1 x L, 5T (First year x Water x Agria) 23.06 p 5.33 0-q 77.68 f-j
Jsl Jlo X ST x AV-a-1 - # (First year x Water x 8709-106) 22.7p 5q 76.85 g-j
Jsl Jle X 1% Vsl (First year x Water x Savalan) 26.86 |-p 6.16 k-q 70.28 i-m
Jsl Jle X ST x v- - a-x (First year x Water x 7009-3) 23.7p 5.16 pq 64.95 j-0
Jol Jle X o1 x a-08vo (First year x Water x 905675) 40.03 p-f 9.5d-f 74.48 h-k
Jsl Jls x T x AV-v-Y# (First year x Water x 8707-26) 30.43j-0 7.5h-l 77.38 f-j
pgo Jlo X Loywas ol X 2+ 1YY0 (Second year x Antifreeze x 901375) 31.37i-n 7.47 h-m 56.5 m-0
p95 Jlo X Lo jwars 03le X 31 ¥V4 (Second year x Antifreeze x 901475) 50.49 a 12.14a 98.9 ab
p95 Jlo X Lo jwars 03le X 4 YYV4 (Second year x Antifreeze x 902375) 32.17 h-m 7.45 h-m 82.66 e-i
g3 Jlo X Lo ywas oole X AV-A-Y (Second year x Antifreeze x 8708-7) 30.13j-0 7.04 i-n 59.38 I-0
9o Jlo X Loywas sole X 31 (Second year x Antifreeze x Agria) 30.31j-0 6.88 i-0 91.43 c-f
P90 Jlo X Loywans ssle X AV-4-1 - ¢ (Second year x Antifreeze x 8709-106) 33.15g-l 7.34h-m 95.63 c-e
pgo Jlos X Lo ywans sole X ¥l (Second year x Antifreeze x Savalan) 24.080p 5.65n-q 51160
99 Jlos X Lo yuss sole X ¥+ -4-Y (Second year x Antifreeze x 7009-3) 37.51 e-i 7.68 e-h 88.98 d-g
pgo Jlo X Loy ool X 4+ 07V (Second year x Antifreeze x 905675) 35.64 f-j 7.64 g-k 58.58 m-o
90 Jlo X Loyuas oale X AV-Y-Y# (Second year x Antifreeze x 8707-26) 49.42 ab 11.7 ab 99.3a
pge Jlo X ST x a1 vvo (Second year x Water x 901375) 27.11k-p 6.67 i-p 530
g Jlo X T x 4. 1Fva (Second year x Water x 901475) 44.97 a-d 11.25a-c 95.61 c-e
g Jl X T x 4. vyYa (Second year x Water x 902375) 28.44 k-p 6.53 i-q 67.41j-n
pgs Jlo X I X AY-A-Y (Second year x Water x 8708-7) 26.4 m-p 5.36j-q 54.61 no
pss Jlo X 1 x 15T (Second year x Water x Agria) 25.68 n-p 5.88 m-q 88.03d-h
pge Jlo X LI X AV-a-1-# (Second year x Water x 8709-106) 27.38 k-p 5.971q 93.78 c-e
g Jlo X LI X Vsl (Second year x Water x Savalan) 23.02p 5.2 pq 62.03 k-0
pgo Jlo X I x v. . q-v (Second year x Water x 7009-3) 32.35g-m 6.99 i-n 88.76 d-g
g Jls X ST x .07V (Second year x Water x 905675) 31.46i-n 7.49 h-m 59.16 -0
pge Jlo X LI X AY-Y-Y# (Second year x Water x 8707-26) 40.35 c-f 9.99 c-e 96.48 bc
LSDo.s 6.4 1.61 14.08

&l o L 6)“56-5*"“ é)l.cj LS ygiw ;2 40wl Bg,> b sl Sils
Means with similar letters in each column are not significantly different
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Table 2- Interaction of antifreeze compounds foliar application and planting date on number of tuber per
plant of potato cultivars

Number of tuber per plant aig ;0 oag slows

901375 901475 902375  8708-7 Agria 8709-106 Savalan  7009-3 905675 8707-26

Slaye ) - 10.33 12.85 8.91 9 7.08 7.39 7.1 8.3 8.99 10.11 b-
Loy August 1 bc a c-h c-h i-p g-n i-p e-k c-h d
(Antifreeze) Sloye ¥ 7.47 8.45 6.04 7.54 5.8 5.61 6.38 6.71 8.48 9.08
August 11 g-n d-k m-q g-n n-q 0-q I-q i-g d-j c-g
olsye Ve 8.56 115 7.82 8.17 6.17 5.87 5.41 6.3 9.63 9.74
Water) _i August 1 c-i ab f-l e-k I-q n-q pq I-q c-e b-e
loye Ve 7.28 9.41 6.7 7.35 5.04 51 5.96 5.85n- 7.36 7.75
August 11 h-o c-f k-q g-0 a a n-q q g-0 f-m
LSDo.os L

sl v b gyl s 6)LQT Ozl lie By, b slo 1Sl
Means with similar letters are not significantly different
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Table 3- Interaction of year and planting date on yield and SOD enzyme activity of potato cultivars

OS2 )0 ) o Slee (555 £S5 kol 9215) Jgomsd S s
Yield (ton ha™) SOD (Unit mg™* protein)
Jl 3 alsye Ve ols,e Yo oloye Ve Sloye Yo
(Year) (Cultivar) August 1 August 11 August 1 August 11

901375 456 b 34.93 f-h 5.8 jk 5.85i-k
901475 43.7 be 3291 g-k 5.85 jk 6.43 g-j

902375 38.35 d-f 28.9 k-p 6i-k 6.63 e-i
8708-7 42.79 be 35.7eg 5.38 ki 6.76 e-h

(First year) Jsl Ju Agria 25.43 0-q 23.98 qr 6.06 h-k 6.53 f+j
8709-106 25.41 0-q 22.85qr 5.41 kl 6.11 h-k

Savalan 29.65 j-0 30.51i-m 6.45 f-j 5.83 jk

7009-3 26.33m-q 24.61 p-r 6.13 h-k 6.45 f-j
905675 51.59a 35.01 f-h 5.8 jk 6.23 g-j
8707-26 28.68 k-p 33.38¢9-j 5.8 jk 6.26 g-j

901375 33.95g-j 24.53 p-r 4.33 mn 4.2 mn

901475 54.57 a 40.88 cd 7.33de 8.13¢
902375 34.13 f-i 26.491-q 5.38 ki 6.18 h-j
8708-7 30.84 h-l 25.69 0-q 391n 4.86 Im

(Second year) pgs Jlo Agria 31.11 h-k 24.88 p-r 7.53 cd 6.8 d-h
8709-106 34.22 f-i 26.31 m-q 7.31de 7.2d-f

Savalan 26.13n-q 2097 r 5.83 jk 41n

7009-3 39.73 c-e 30.13i-n 9.36 b 8.13¢

905675 36.79 d-g 30.31i-n 413 mn 5.41 Kl
8707-26 52.8a 36.97 d-g 10.71a 6.95 d-g

LSDy .05 4.38 0.76

BLT VIR IRV, 3 JEPOw MPT SOD .ai,lai p2 b (5 ,ls sxo Sl WS o yo 40 wline By > b sla 1w Sike
Means with similar letters in each trait are not significantly different. SOD: Superoxide dismutase enzyme
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Table 4- Interaction of antifreeze compounds foliar application and planting date on some morphophysiological traits of potato cultivars during two years of the

experiment
sl osd sl Ol e gl S enly Bgomsd STy 900 4*-*:7‘)4 JgagSee) VB
65 S 5 (Sn 5 o) G5, (20,3 ‘5.)4 £S5 % eSS £ kel o=ly) £ 5 Sheol 4835/ )39 o0
Treatment combination Yield Number Leaf relative (S 535 (95 (95
(ton ha?) of tuber water content K*-_Ieaf SOD (Un_it mg?  CAT (umol H,0, min®
per plant (%) (mg g DW) protein) ! mg protein)
Jsl Jle x Lo jussns x ols 10 V+ (First year x Antifreeze x August 1) 38.48 ab 8.8 ab 75.82 ab 0.06 ab 5.9 abc 6.99 abc
Jol Jlo x Lejsss x ols 10 Y+ (First year x Antifreeze x August 11) 30.47 de 7.13cd 76.6 ab 0.063 ab 6.33 abc 6.98 abc
Jsl Jlox ST x sls e 1+ (First year x Water x August 1) 33.01cd 77¢ 74.78 ab 0.055b 5.83 bc 6.71 bc
Jol Jlo x ol x ols e Y+ (First year x Water x August 11) 30.09 de 7.23cd 76.7 ab 0.061 ab 6.31 abc 6.96 abc
9o Jlo x Loy x ls,0 1 - (Second year x Antifreeze x August 1) 39.96 a 9.22a 83.89 a 0.065 a 6.57 ab 7.69a
pgo Jlo x ey x ols 50 Y+ (Second year x Antifreeze x August 11 ) 30.89 cd 7.18 cd 80.41a 0.066 a 6.62 a 7.31ab
pgs Jlox ol x ols e V- (Second year x Water x August 1) 34.89 bc 8.14 bc 83.39a 0.061 ab 6.6a 7.58 ab
pgo Jlo x Ol x olo e Y+ (Second year x Water x August 11) 2654 ¢ 6.33d 69.98 b 0.055b 577¢c 6.38¢c
LSDo.0s 4.08 1.07 9.67 0.008 0.74 0.9
Means with similar letters in each column are not significantly 5 e b sl me s Lol Ll O o 58 alie By, b sla 1Sk

different. SOD: Superoxide dismutase enzyme & CAT: Catalase . - i p
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Table 5- Interaction of antifreeze compounds foliar application and year on K*, Na*, proline content and
enzymes activity of potato cultivars

S5 peeeliy Sk) Sy ) Gsn Usemnd aniSTsn wnSly Joeg o) VUL
et oS 5 pE eSS oS eSS pS 2 pS £ sheelo=ls) p5 Sheel 4835l 03
Treatment combination (S22 038 (i o (G55 (o83
K* of leaf Na* of leaf Proline (mg  SOD (Unit mg* CAT (pmol H;0,
(mg g** DW) (mg g DW) gl Fw) protein) min'! mg protein)
Il X Loy ools X 2+ 1¥YD
ol e % Louid ool 0.078 b-d 0.062 b-e 0.075 b-d 6.06 h-k 7.81e-i
(First year x Antifreeze x 901375)
| 5 o .
ol e X el esle XA VTV 0.064 e-j 0.048e-k  0.055fm 6.15 g-k 713k
(First year x Antifreeze x 901475)
I s X Lo e oole X Q- YYY
ol e el osle XAV 0.062 -1 0.055 c-i 0.068 c-f 6.31 f- 7.06 f-1
(First year x Antifreeze x 902375)
| Jls X Loy 03l X AV A=
Sl X baid oo XAV-AY 0.062 -1 0.056 c-i 0.066 c-f 6.08 h-k 6.63i-n
(First year x Antifreeze x 8708-7)
| 50 il
I Je e osle X LA 0.066 d-i 0.048 e-k 0.063 d-h 6.3 f-j 7.2
(First year x Antifreeze x Agria)
Jsl Jles X Loy oole X AV-8-1 48 ) .
. . 0.057 h-o 0.047 g-k 0.056 f-m 5.78 jk 6.61i-n
(First year x Antifreeze x 8709-106) g J
| s X Lo posis o0le X o ¥lsLes
o sz ook X s 0.056 h-p 0.042 i- 0.058 e-k 6.15 g-k 6.46 i-n
(First year x Antifreeze x Savalan)
| Jls X Lo pusis o3l X Yo+ Q¥
ol X bayud esle X 0.051 j-q 0.042 i1 0.062 d-i 631 7
(First year x Antifreeze x 7009-3)
il X e eole X307V 0.058 g-n 0.046 g-k 0.06 d-j 6.01 i-k 7.08 f-I
(First year x Antifreeze x 905675)
Jsl Jlo X Lo jess asle X AV+Y-YF . . .
. . 0.06 g-m 0.054 c- 0.059 d- 6.03 i-k 6.85 h-n
(First year x Antifreeze x 8707-26) g : ] :
|l X ST X . ) .
e SDxaaTe 0.06 g-n 0048fk  0.056fm 5.71jl 6.45 j-n
(First year x Water x 901375)
Il X ST X 41 FVD .
o Jl T 0.062 f- 0.05 d- 0.053 f-m 6.13 hk 7111k
(First year x Water x 901475)
Jsl Jlo X ST X a4 vrv) .
. 0.06 g-m 0.057 c-h 0.066 c- 6.31f- 7.03 -1
(First year x Water x 902375) g g ]
I s X ST X AV- A= .
X SXAVAY 0.06 g-m 0.058 c-h 0.064 d-h 6.06 h-k 6.6 i-n
(First year x Water x 8708-7)
Il X STX L 51 . ) . . .
el 0.064 -j 0.05 d-j 0.061 d-j 6.3 f:j 72f]
(First year x Water x Agria)
e 0.055 h-p 0.049 ek 0.054 f-m 575 j-| 6.6 i-n
(First year x Water x 8709-106)
| b X T X Yl
e 0.054 i-q 0.044 h-| 0.056 f-m 6.13 h-k 6.45 j-n
(First year x Water x Savalan)
| I XY. s
xSy 0.049 I-q 0.044 h-1 0.06 d-j 6.28 g-j 6.96 h-m
(First year x Water x 7009-3)
| b X T X a- 05V,
. ol o2 XA 47V 0.056 h-o 0.048 e-k 0.058 e-k 6.01i-k 7.08 f-1
(First year x Water x 905675)
I s X T X AV Y-YS
. ol Jlo 2 X 0.059 g-n 0.055 c-i 0.058 e-k 6.03 i-k 6.86 h-n
(First year x Water x 8707-26)
p90 Jlo X Lojuwas osle X 2-1YYD
0.055 h- 0.044 h-I 0.053 f-m 4.4no 5.56 no
(Second year x Antifreeze x 901375) P
53 Juw X logund o3l X ATV 0.086 ab 0.066bc  0.075b-d 8.33 bc 9.63a<
(Second year x Antifreeze x 901475)
L X Lo s> osle X 3+ YYY
52 Jlo 2 oywad oole X A-TTVO 0.063 e-k 0.055 c-i 0.068 c-f 6.36 f-j 711k
(Second year x Antifreeze x 902375)
Lo X L s> onle X A+ A=V
93 o X lopuid 03 0.047 m-q 0.042 -l 0.051 g-m 46 m-o 50
(Second year x Antifreeze x 8708-7)
Lo X Lo s> osle X L 5T
90 Jbo X Lapus oo X4 0.076 b-e 0.055 c-i 0.072 b-e 7.28 d-f 8.36 c-f
(Second year x Antifreeze x Agria)
L X Lo yosrs oole X AV+4-1 45
9% Jou oyl oo 0.075 b-f 0.061 b-f 0.073 b-e 7.55 c-e 8.65 b-e
(Second year x Antifreeze x 8709-106)
Lo X Lo s onle X ¥l5Les
89 b % Legusd oole 3 3y 0.041q 0.0311 0.042 Im 448 m-o 470

(Second year x Antifreeze x Savalan)
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Continuation of Table5 & Jgus aclol
Lo X Lo yass o0le X Vo QY
£33 % Lot o 0.069 ¢-h 0.059 ¢-g 0.085 ab 8.66 ab 9.65 a-c
(Second year x Antifreeze x 7009-3)
Lo X L 5 o0le X A 0FY0
p93 Jlu X Lasdes 0.046 n-q 0.036 j-| 0.047 i-m 4.781-0 5.58 no
(Second year x Antifreeze x 905675)
Lo X L 505l X AY-Y-Y&
92 Juu % Lot oo 0.096a 0.086a 0.095a 9.51a 10782
(Second year x Antifreeze x 8707-26)
Lo X oI X 2.9YYD
52l 0.043 pq 0.035 kI 0.041m 4130 4710
(Second year x Water x 901375)
Lo X Ol X q-1FV)
ro*J ) 0.071 c-g 0.059 c-g 0.061 d-j 7.13e-g 8.33¢c-g
(Second year x Water x 901475)
Lo X oI X 2.YYYD
o3 b X 0.049 k- 0.047 g-k 0.054 f-m 5.2 k-n 5.78 k-0
(Second year x Water x 902375)
Lo X T X AY-A-Y
9% 0.041 q 0.039 j-I 0.044 k-m 4180 4550
(Second year x Water x 8708-7)
L X T X L 5T
o0 Je S i 0.071c¢c-g 0.056 c-i 0.068 c-f 7.05e-h 8.06 d-h
(Second year x Water x Agria)
Lo X ST X AY-3-) -8
oo e 0.067 c-i 0.059 c-g 0.065 c-h 6.96 e-i 8d-h
(Second year x Water x 8709-106)
Lo X T X Yol
pod L 12 53 0.048 m-q 0.038 k-| 0.05 h-m 5.45 j-m 57310
(Second year x Water x Savalan)
Lo X O] XYe ey
oo Jle - 0.067 c-i 0.063 b-d 0.084 ab 8.83 ab 9.83 ab
(Second year x Water x 7009-3)
Lo X ST X 208V
oo 0.045 0-q 0.038 j-I 0.046 j-m 4.76 1-0 5.61 m-0
(Second year x Water x 905675)
Lo X ST X AY-YIYE
fas Ju X 0.08 b 0.075ab 0.08a-¢ 8.15 b-d 9.18 b-d
X \Wwater x -
(Second year x Water x 8707-26)
LSDqs 0.013 0.014 0.015 0.99 1.35

CAT 5 ;bgomnd a5 03551 SOD 05,5 00 b (5,15 cme (5 ,lel BN (g jo 50 aslie Bg > b sl Sleo
VB o 5]
Means with similar letters in each column are not significantly different. SOD: Superoxide dismutase enzyme &
CAT: Catalase enzyme

3 axly £18) pgo Jlo jo boywas Joloe o)l
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QS y Jgeg, S V) YL ol codled
Se3ar Iy (Oefign prihe 43S 10 (39,000
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S ke ;o axly OIVY) lgewns oSl g
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Sobos S 5 4 Blate (g )5 e 2 4835 50
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5 axly AUBY) Bgemsd dunS g il codlad
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08 JW adbex 5l alap il lalS ¢ plo (25
Sbygswl 5 slansT Jed L YOI laus]y,
diang & Zhang, 2004) sciws 1)l 1, slost,
Sl com ST sla JI5ol) B b o 5 ol oS
oley o e L olS 5 s o )55k olxl ¢ sl
Shigeokaetal., 2002) w0 b 25 b ag>lge
loyw G5 O (S b abaily 50 (g5l S
Duan ) o,ls o435 SlowwST 5T slaes 31 codles 4
Ly opl o et al., 2012; Payton et al., 2001
o] Calad a5 wsls olas (Y19) o SKen 5 XU
3 Bseasd SSThsw 9 B GlaraSTy sl
o5 adsl e )0 (e 03, Do oS
el Sl Gl iz 28l Gl abeye
slasp ;o slaenSly 5 bsemsd waSlngw sla
Yang Los omb sles (a5 586 Con (pnjionms
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55 Ugomd SmSTpa5e 5 VB oSl slage 531
(Che et al., 2020) 04 o conjum LS
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VB lap 3l culbs il sladlhs mbs
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"ot O Sy ) shaee il AU
codbd mali8l e (LN et al., 2006) sqs
byl g VB bgansd denST g sloey ;]
0223,5 OIS st 5 Lyl )0 el 08
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08y dojuds oS5 b Al sle (golend oS S
00,5 samlie islejl sgs Jlo yo 5 YE-AYY
SBgems SnST g 02351 odlod 0 5080 Jgor)
Syl mas AVEASY o TNYVD Sl a4 sl
rzed e ((eBan eSSk o wly FNA
9 AVAY BB o VB 3l colled on ol
Lo s> Sl b ol Jaloee pae el )5 5 4+ VTV
JegSee TIVY 5 FI00 cudfjan) pos Jlo )o
35 9 (eSan )5 oo 2 4835 50 (g 0 2eS
% el g i plgs SBran Lol ren (Vhsla o3 5
3 039y SemS 1y Jgeg,Se TIV) 25 g0 JLu
O Jguz) ol Cowsay (g o5 oo 2 ak30

5 Bl g by Al Sl Sils duglie
Sl 0 ANYYD o3, a5 o5 adein e juwds olge
ole sloye Vo o )b jo S g Lo jwas OLS 50 5,1
10559 (OeS9n p )5 oo 5o 9xlg P1AY) 0 3YL (sl
15 iS5 Loyt LS 5 e el 0 Y-AY - A
5 axly YIAA) o soml lls ole dloye Ve &b
S92 ST Joid by o 5l Sodlsd (csigp o5 oo
—oim a8 ol plas o3, 50 Jle Sl Bk 51(F Jeax)
PS5 sk 32 9lg B0 981+ 0) @ 3T (ol codled (0 5
R AVVYE 5 VY 6B s ) (onta
SiapS sl plas! st sinbes| pgs Jlw
4 bgrye 523 (g p.5 e o 921y 1) O clled
() USKS) 090 cllS gy Jlo ;0 AV-A-Y (3

slabes (oyre 3 (lalS Sue Vs (285 )3
—0 oS JW sloaisS wdg il e b
—ob) ol obnl cely G5nsST Jlad sladisS 08,5
o b egmlonST i anle oS L5 )b
St OgmslinSTyy (i Cotle i g il
ORiSly S5 lgreds 45 (38 5 o (iS5 s
KUK B ) 095 00 4285 )5 )0 oloyes (25 & 4530
ol 3l bass sl @l 2003; Tian et al., 2013
5b cou saiady Jbd 5enST laaies 5l il



eyl il 53 Sors jmw U1 (S 5od5 juded y90 lho (B 1 Lo paeind LS 5 (LBl Jalowe 9 ol G U ST

VoY

Gyd ol o Sl sl slaes 3T ol il

— o p 1 3lomanST Jgidosly 35T Cadlad py b5 G, g Lo puunnsd Slgo (il Jplomo oliio i1 -8 Jgur

o)

Table 6- Interaction of antifreeze compounds foliar application and planting date on PPO enzyme activity
of potato cultivars

(Unit mg'* protein) PPO (559 )5 sheolals) 5lannsST Joid L

901375 901475 902375 8708-7  Agria _ 8709-106  Savalan  7009-3 905675  8707-26
Slsye s 6.91 5.15 428 2.98 4.25 4.06 3.98 5.73 3.36 5.51
Lo yoss August 1 a b-f d-j j d-j e-j f-j a-c h-j b-d
(Anifreeze)  ols,e Y- 3.76 5.18 4.7 433 47 438 3.03 468 4.18 5.18
August 11 o b-f b-h d-j b-h c-i ij b-h d-j b-f
olsye - 3.4 5.05 3.91 3.1 411 413 456 5.83 3.48 5.41
ol August 1 h-j b-g f-j ij e-j e b-h ab h-j b-e
(Water) olsye ¥ 3.68 4.46 425 3.93 4.63 3.96 3.1 4.7 4.06 4.36
August 11 h-j c-h d-j f-j b-h f-j ij b-h e- d-i
LSDo_os 135
ST Jsd b me ! PPO il po b (g,l0 cixe (55Lo] OS] ailie B> L (slo 1 Silo
Means with similar letters are not significantly different. PPO: Polyphenol oxidase enzyme
7 -
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Figure 1- PPO activity of potato cultivars in two years of experiment. PPO: Polyphenol oxidase enzyme
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