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Abstract

Introduction

Environmental stresses, especially damage caused by frost, often have a significant effect on
plant growth and development. In order to adapt to the cold, plants show specific physiological
and biochemical responses that lead to an increase in their duirability and survival during
exposure to low temperature. The use of ultraviolet (UV) rays to increase cold tolerance and
physiological and biochemical changes related to it has been less researched. This is while UV-B
is not necessarily a source of stress, but moderate, non-harmful levels of UV-B act as an
environmental signal in higher plants and able to induce several key reactions in order to adapt to
cold in the plant.

Materials and Methods

This experiment was carried out on rooted seedlings of Vitis vinifera L. cv. Yaghooti in a
factorially (3x3) based on a completely randomized design with three replications in the research
greenhouse of Malayer University in the spring and summer of 2022. In the 15-leaf stage, the
vines (except for the control) were exposed to two doses of UV-B radiation in the following
order: first dose (control): natural light, second dose (moderate): 5.98 kJ m? d* ( equal to 0.55
W/m? for 3 hours) and the third dose (severe): 9.66 k m™ d™* (equal to 0.55 W/m? for 4.5 hours)
was applied to the plants under the natural photoperiod in the greenhouse in June. After applying
UV-B radiation treatments, one group of pots was kept in the greenhouse (temperature 24+1 °C)
and another group of pots (control vines and treated with UV-B rays to apply cold stress to the
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cooling chamber) transferred and placed under the temperature of 4°C and -4°C (for 6 hours at
each temperature).

Results and Discussion

According to the results, the highest and lowest total chlorophyll content was related to the
treatment without irradiation and temperature of 24°C and the treatment of severe irradiation and
temperature of -4°C, respectively. The highest and lowest carotenoid content was related to the
severe UV-B irradiation treatment and 24°C temperature and the treatment without irradiation and
24°C temperature, respectively. The relative water content was the highest in the treatments
without radiation and temperature of 24°C, and the lowest in the treatment of moderate irradiation
and temperature of -4°C. The highest and lowest percentages of electrolyte leakage were observed
in treatments without irradiation and temperature of -4°C and treatment without irradiation and
temperature of 24°C, respectively. The content of malondialdehyde and hydrogen peroxide was
the highest in the vines under severe UV-B irradiation along with (-4°C) and was the lowest in
treatment without irradiation along with 24°C. The highest content of soluble sugar and soluble
protein was observed in plants treated with severe irradiation along with (-4°C), and the lowest
amount of these compounds was observed in the treatment without UV-B irradiation along with
(24°C). The content of proline was the highest in the treatments with severe irradiation along with
(4°C), and the lowest in the treatment without radiation and temperature of 24°C. The highest and
lowest activity of ascorbate peroxidase (APX) enzyme was observed in the treatments of sever
irradiation along with (4°C) and moderate irradiation along with (-4°C), respectively. The
activities of guaiacol peroxidase (GPX) and catalase enzymes (CAT) were the highest in plants
under moderate irradiation along with (4°C), and the lowest activity of these enzymes observed
under non-irradiation condition along with (-4°C). The highest and lowest total phenol and
flavonoid contents were related to those vines that were treated with sever irradiation along with
(4°C) and without UV-B irradiation along with 24°C, respectively.

Conclusion

Totally, it can be concluded that moderate radiation treatment through the stimulation of
antioxidant systems, the accumulation of UV-B absorbing compounds and acclimate osmolytes in
the plant led to an increase in their tolerance to chilling temperatures (+4°C), but there was no
effect on frost tolerance (-4°C). However, sever UV-B irradiation treatment both at normal and
low temperatures caused damage to cell membranes and leaf necrosis. Based on the results of
application of moderate dose of UV-B rays, it can be used as an elicitor to improve plant
antioxidant system and cell membrane stability under chilling temperature (4°C).
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Figure 2. The effect of ultraviolet B irradiation and different temperature treatments on relative
water content (RWC; panel A) and electrolyte leakage (EL; panel B) of Yaghooti grape leaves.
The means with same letters in each column are not statistically significant (P < 0.01). UV1: no radiation;
UV2: UV-B (5.98 KIm?d?); UV3: UV-B (9.66 KI m?d™); T1: 24°C; T2: 4°C and T3: -4°C
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Figure 3. The effect of ultraviolet B irradiation and different temperature treatments on
malondealdehyde (MDA; panel A) and hydrogen peroxide (H,O,; panel B) of Yaghooti grape leaves. The
means with same letters in each column are not statistically significant (P < 0.01). UV1: no radiation;
UV2: UV-B (5.98 KI m?d?); UV3: UV-B (9.66 KJ m?d™); T1: 24°C; T2: 4°C and T3: -4°C

5 sl slis 1T aeen Pourdad, 2011)
Clibloes glo (55 Syl ol 53 lasis
(Karimi, 2020) .s”
NLE

Sl Jlaw 1y s B fanlp g,
28 Hilen 5 g lsgae Gl 5SS s
FOC slos T s (slsimen 358 0 ois F IS
LU s hds Eals - FOC gles G Sy il
4B il b g Ledd Hled sbeSTh s Sl
oS 3 on it (8 S8 5y ke (6 Sadr ) sb
boolon bl g sbajled 5o s (Slgs
odalie YFOC (gbos L of o Fp O3k f°C b
Al 5 IS S F panp 53 (P JSK8) s 8
AL OS Cale Slo pas 53 S e
L e Gdon s dobee 8 CSUl 5 ol
Sl sk 4 &8 iagy b .(Berli, 2015)
i (23S e, S 010 Slo w4 Jooss
Sl 4 plas eyl 53 (s memd Olje &5 A3
4 Joo b Bl 5o aaTobal ol (sl gioma I a8 >

(Karimi, 2014) 1l o i lo

Jglre Sawss
Sy 2 6T Jlis 15 Lo B 2l 5 )
Joloes Gl (glgimen s Hl5 gme gloue glad
SRR S s ol sl 5 6 S
g a8 5 e 35 g 65 e el B
@l Lol pon a5 55 5 lasles )3 Jsloe A3
155 odalie YFOC (los Lol pon 5 g 5 —F°C
sls 0l s LS ol (s, AalesT L (F JSK8)
U s> Sy g 0 5T Al il slales o
63 Ol e oS Jlo 55 .25 LS S, s
15 Ol ol 53l at gu 5 sb 4 Jglowe (slaud 5 AT
-Slyde e ST ble 550 (Karimi et al., 2016)
b Jom 215l 55 age SE LESTE 3 Jglous gl
Gt gind 4 JLas| b a3 oS L5 cpla 3505 Loy
sy S Cow Joho slie ghlul 4 e slis
e 5 S (Karimi, 2014) wes o ol
g 1B S s s OblE Slasi
b ot ey T )l by S
iS5 Sl s Ll (So5ds e sladylp
(ke 03y ke 03,5 YL L ba Slyday STl

(Rajabi and & y5 o Lo 31 55 0T 035 o glo



Y7

s Sy 1B i g S0 5 e

12.0 ab 2
—_— A m
abc
E 10.0 a-d a-d —
= A a-d (]
3 8.0 - i
= bed
- 1 cd m
g 6014
4
2 40 T
5
5 2.0 1
0.0 e =
T1 T2 T3|T1 T2 T3 |T1 T2 T3
Uuvi uv?2 Uuv3i

Proline (mg g!' FW)

12.0 A

—
=]
=]
1
=3

14.0 A a

o0
(=
L

4.0 1 e € e

2.0 A

0.0

T1 T2 T3 |T1 T2 T3 |T1 T2 T3

uvi uvz uvai

Figure 4. The effect of ultraviolet B irradiation and different temperature treatments on
soluble sugars content (panel A) and proline (EL; panel B) of Yaghooti grape leaves. The
means with same letters in each column are not statistically significant (P < 0.01). UV1: no radiation;
UV2: UV-B (5.98 KI m?d?); UV3: UV-B (9.66 KI m?d™); T1: 24°C; T2: 4°C and T3: -4°C
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Table 1. The interaction effect of UV-B irradiation and different temperature treatments on
leaves soluble protein content and antioxidant enzyme activity of Yaghooti grape

Treatments Solub_le Catalase Gualgcol Ascorbate
protein peroxidase peroxidase
UV-B irradiation ~ Temperatures  (mg g'FW) (Unit mg™ leaf protein)
Control, without 24°C 1.97e 121f 110¢c 2.02¢e
UVv-B 4°C 3.97d 441c 2.53 bc 3.35¢c
2 41
OkIm=dh) _4°C 5.02bcd 198¢e 1.07c 0.58 f
24°C 4.75cd 4.02d 2.73 bc 3.32cd
Moderate UV-B ° 5.42 bc 12.8a 7.97a
(5.98 kIm? d?) 4 OC ' 4150
-4°C 8.8a 6.60b 115¢ 0.27 f
Sover UV- 24°C 4.03cd 1.94e 141c 2.57d
everovee 4°C 6.37b 6.49b 354b 6.88a
(9.66 kI m? d?) . 8.01
-4°C vla 3.99d 1.82 be 0.54

Means with common letters in each column do not have a statistically significant difference
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Table 2. The interaction effect of UV-B irradiation and different temperature treatments on
leaves total phenol, total flavenoeid and total anthocyanins of Yaghooti grape

Treatments Total phenol Total flavenoeid  Total anthocyanins

UV-B irradiation ~ Temperaturs mg g FW) mg g FW) mg g* FW)
Control, without 24°C 9.77e¢ 4.76 f 0.87 f
uv-B 4°C 13.01d 742¢ 1.19e
OkIm?d? -4°C 14.03d 6.94 e 1.12e

24°C 14.62 cd 7.34¢ 151¢c
Moderate UV-B 4°C 19.95b 9.78 d 2.41 cd
(5.98 kym™d") _4°C 17.97 be 12.08 be 1.23d

24°C 17.21 bc 11.26 ¢ 1.29d
séeggrngv_;li_l 4°C 25,54 a 19.05a 1.95b
©86 kam™d7) _4°C 19.75b 146 b 1.62¢
Means with common letters in each column do not have a statistically significant difference
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