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Table 1. The analysis of variance (Sum of square) of the effect of temperature, plant and their interaction on stem
length, the ratio of chlorophyll a to b, on total phenolic, carbohydrate so, hydrogen peroxide (H202) and activity of
antioxidant enzymes catalase (CAT), ascorbate peroxidase (APX) and guaiacol peroxidase (POD).
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Fig. 1- The effect of different temperatures on shoot length (A) and the ratio of chlorophyll a to b (B) in snapdragon
(Antirrhinum majus) and viola (Viola x wittrockiana). Data are mean + SE of three replicates (n = 3). The presence of

similar letters, in each column, (Lowercase letters for viola and uppercase letters for snapdragon), indicate
no statistical significant difference based on Duncan’s test (P>0.05).
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Fig. 2. The effect of different temperatures on total phenolic (A) and carbohydrate content (B) in snhapdragon
(Antirrhinum majus) and viola (Viola x wittrockiana). Data are mean + SE of three replicates (n = 3). The presence of

similar letters, in each column, (Lowercase letters for viola and uppercase letters for snapdragon), indicate
no statistical significant difference based on Duncan’s test (P>0.05).
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Fig. 3. The effect of different temperatures on hydrogen peroxide (H20:) content (A) and activity of catalase
(B) in snapdragon (Antirrhinum majus) and viola (Viola x wittrockiana). Data are mean + SE of three replicates

(n=3). The presence of similar letters, in each column, (Lowercase letters for viola and uppercase letters for
Snapdragon), indicate no statistical significant difference based on Duncan’s test (P>0.05).



A NEeY ULM..Jl) Y# ‘;L.: Al c)La..i] Avg 0,90 ‘éoﬁ)lf kSM'L'M'W) ‘sﬁl.c dolilad

- .

2 G5 sl] el Wlgiioe Ll cnl 51 Sl oS 5laisS @yl s atiy Ll s lalS se 5 05,
B3 o 18 56 cou 1) lS LSl A 2565 g ged iy 4 Cowl ol sled waclusl oo Loyl i 5l (SO 04 Ll
Hereme et ) oS obx! (lalS ;o 6ol JoNge 5 olboondion (o599 5n8 Ol s Wilgh oo ol slabes (il 1 ogdle
5 Syore J5 oS 50 dBle Job ol (S0 9> 1) e les oS L as ols lis e ol ol @l 2021
00 )15 565 ol 3l ey (T30 G i 0 el Jsb 0k, (palS il pe malS (sl shne g0 4 At
ol Al Job rals 4y oxie (Foeniculum vulgar L) asbly ol osST 90 (59, o (S i (Jle olaicay .ol
Obles Ll oy o b sles s & lals 2sSly oy e ((Rashed Mohassel et al., 2009) cowl ool lacwssS|
.(Pouramir-Dashtmian et al., 2014) aas oo jials 1) a8le ¢ iy, b do Joko o) 5l Calao b ol slos 00,5
O 53 S aBgie Lojw b )5k Do Job jo 1) 095 o) wal ey il 50 3Y Cueglie 4 pliiws sl plalS
- o ($l4B5b) &5 SlacS  slyls Ypons aibine LS elyil 5 wigd o 03,88 S, SO slyfs QlalS lal, 5
slayys as (Petuniaspp) oodbol 5 e )l 5 ol 50 sls slaplasl Job jials .(Rashed Mohassel et al. 2009) «s 5
b loo i a1y LT Canglie «lyusis ol 456y gkay 0 odmline i 0gp 00,5 il o |, SOyl 0 0aisS pglis
Sglate adal g Sgemo 5 00w J8g 5 cond Ol ( Job ol M5 (Walworth et al., 2014) ols ]33l
prsbes 9o o aS Jo s albsass b s a Ldg IS cond iuli8l ol 3 sl ax 0 Y sles S Cod Jgene S5 )0 09
2 aS Sl jobaa L5 cod el ol asan olS o Cad cpl (ialS o (01,5 Sle 4> 0 -V 5-Y) ke
duslie 48 093 00l dloul sl o (6,550 .\;..,,T)éa\Su_',Lcal;)o lS pl Ll cnl 00l 00y wilazs 5,108 Lo ps 5 5 520
J35 )5 5 Ol s (Shen et al, 2021) el oogy oS wilazd 57 108 Lo s (o530 50 ol )5 5Le oas a5 SlalS L
(Yuetal., 2020) L3515 50 iol38l Sldllae > il Oglae Wlgh oo b lod (iis Dol g (LS 456 4 atwy
Sl e alany olS o b aya dg IS cos rals lesls lis |y (Rehman & Tanti, 2021) ralS o &5 g
Ol oo YU aS b o ail ol ol (grawgid olKiws 10 jao ) sbles o a 8o I8 yiinn Cowlus caims lis
ool Loy Lawgs (PSI) | s (5,55 Canilas ouimndylis Yool Sgane olS )3 3,5 cilo a0 =¥ (sles ;5 Carnss
(Kalisz et al., 2016)

2 B
0.06 BAntmhium O Viola 940:r A 3 8 Antmbiwm O Viola
- T a a
E A g 0 A2
g 005 | \ A 5 1 A [
e B I s 030 ‘
& ] =
- 0.04 _n. 025 l
g g
= 003 020
= 2
£ Z 015 |
= 002 z
& T 010
7 L a
Q 0.01 8 o0s
&
0.00 0.00 L
-10 -3 20 -10 -3 20
The daily minimum air temperature (°C) The daily minimum air temperature (°C)

laools azasy o Syawe J5 50 (B) jlaSlys JsSLE 5 (A) slapeSTyy lysSl slapy 35T cudled y calisee slales i1 -F S
2 (Ogere 5 2280 olF (6l i i 4 S5 5 SzsS B9,2) (5w 2 50 ailie By el LS5 a5l sl glas .Sk
Al o P> /0 0) ls sme BN pac soims olis (Sils ge3] Ll
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difference based on Duncan’s test (P>0.05).
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Effect of freezing stress on some physiological and enzymatic responses of
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Abstract

Introduction: Freezing is one of the abiotic stresses that has harmful effects on plant growth and productivity.
This study was performed to investigate some physiological and biochemical responses of two ornamental and
cold-resistant plants, including the viola (Viola x wittrockiana) and snapdragon (Antirrhinum majus) under freezing
stress. Materials and methods: To apply different temperature treatments on 70-days-old plants, the minimum
temperature in January was used in three different places, including the greenhouse, the city of Isfahan and
Fereydunshahr (temperatures of 20, 3- and -11 ° C, respectively) for 15 days. Results: Changes in the chlorophyll
a/b ratio were differences in the two plants with increasing freezing stress, but shoot length gradually decreased
and at the lowest temperature in viola and snapdragon plants were 63 and 50% of their controls (20 °C),
respectively. The content of phenolic compounds, soluble carbohydrates and hydrogen peroxide also increased.
In addition, a significant increase in catalase activity was observed in both plants under freezing temperatures,
while the increase in ascorbate peroxidase activity was significant only in snapdragon at -11 °C. However, no
significant change in the activity of guaiacol peroxidase was found in two plants under freezing temperatures.
Discussion: Therefore, it seems that snapdragon and violet plants can withstand freezing stress by using osmotic
regulation mechanisms as well as different abilities of antioxidant enzymes, which indicate different resistance

strategies depending on their genotype.
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