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1- Lethal temperature 50 according to the electrolyte
leakage percentage (L Tsge1)
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Table 1- Source of variation, degrees of freedom, and mean squares of effect of triazole concentration and temperature on the
electrolytes leakage, survival percentage, height plant and dry weight of kochia under controlled conditions
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Figure 1- Effect of different concentration of triazols (a) and temperature (b) on electrolyte leakage in kochia. Vertical lines
indicate the standard error values
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Figure 2- Effect of low temperature electrolytes leakage in Kochia (a) no application, (b) sprayed at a concentration of 10 mg
per liter, (c) sprayed at a concentration of 20 milligrams per liter, and (d) total. Vertical lines indicate the standard error

DOHexaconazole @ Penconazole
a

87 b b
n 7 be be
5 61
3 o5
s
Y &4
v =
775
w

14

0

0 . : 10 20
Rrsll

Fungicide(mg.l"")

values

SIS Moy 00 gled

a
-8 1 a a
-7 A
b
6
-~ 5
9
2 4
=
a3
2 A
-1 A
0
0 10 20

ek
Fungicide(mg.l"")

39031 ol (0) ke g ST, B Bilie 31 g () LS Cilises (SLCILE 15T Cou (LTspa) (SudS 2oyd 0+ slod—Y JSWs
70 Jloin] g 3 (S5

Figure 3- LTs), under different fungicides concentration (a) and interaction between fungicides and concentration (b)
according to Duncan test at 5%
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Figure 4- Curve of survival and electrolyte leakage of kochia under freezing temperatures at controlled conditions (survival
O and leak leakage 0)
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Table 2- Effect of fungicides, concentration and temperature on survival, plant height and plant dry weight of Kochia three
weeks after recovery

)lo.g; ;lfu' M)b

Treat % Survival

&g glé5 SUWiS 39

High plant (cm) Dry weight (g.plant™)

Fungicide  :Sg,l

Hexaconaz Jg;s51;5 77.2° 17.7° 0.8
Penconazol Jy;bsSe 77.7° 164° 0.8
Concentration (mg.l'l) cdale

0 80.0° 19.12 1.0°

10 76.6° 16.8 % 0.7°

20 75.8° 15.2° 0.7°
Temperature °C L>

0 94.4% 21.5° 1.1e

2 98.6° 24.4°? 1.0%®

-4 100.0 2332 1.1°

-6 94.4° 16.2° 0.8°

-8 00.0° 0.0° 0.0°¢
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Means with the same letters of each group in each column, according to Duncan test at 5%, no significant difference



YV lobsS ol 5 Loy 4y Jooxi 1 J309y 9 J33bsST550 sl

M5 sl 42> =¥ (glod 5 JoibsShy S )8 sl 3 olS gl
sl 2 50 bod g LSl clale blate J1(F Jouo) 45 osmliie
Vo cdale 1) g gl o yidus 9 39 (P<e/40) 4l sze LS
2 el ol ) 5 las sy =¥ gloy o LS wd o p S Lo
slod 3y )3 pS (o Ve ke )3 &gy )] gyt oS -
A oanlie 3,5 il dayd o

bl oyen Ol 2 oS St iy 2 2led sl ]
aS o1, 5 Sl d)d —A glod slizwl 4y g 55 (P<+/+0) Jbo xe
L LodsS sladsy St (g i) om jl LdeS sloasmals
il eS aod YYIY o, 8 sl da =5 5l ieS @ by il
o Ylaznl (2alS ol (Y Jgn) 390 35 ol )3 yao cglod
als o o LS claplul saome wdy oUle p (555 @)l
SoiS Gy enp L (Y0) (hlSen g (oallas .canl 039 <Lyl
oL Suid (g &5 03,8 ()15 (S5d U5 llyd 3 92 2B
2aL5 jles jl weS 1o pd £/0 01,8 Bl 4y =¥ oled jles
3 S a3l S (Bl 423 N glod e )3 &S (Syge 3 g
) (53580 pas) ald o o) o

Bl o9 ok 0 LdsS sladsmals Gy el > o
3 (¥ Jghz) €85 1,8 oslisal 390 (35,6 g5 b o5
ELay) 1o (P<e/+)) ()b ime 1l b iS 7,8 Cilises slacdale
Lo is gyl chale Gl L g (V Joio) wiails LidsS” sbaazals
s WY span aig eyl , ) 0 p)S o Ve 5V & i ]
(Y Jgss) cdl ol ko py ¥/

(R3990 sLatiSly jl (B9)S S0 e b gib 5
o=l il B 03 S (e GBS )3 (pleenion 9 (oI5
9 Aoy 4By S5 @l 4 bk (ialS Jols b 18Ty
S o (pimed OS5 cpl Ml oo Jidg IS (s ol
504235 (el 3 Lacliums S Cumdy o ol Fiogs 5
2 53U G Cpiomed bl imd o il 81 1) b i 4y Conglio
S sl Sl 32k B50 (I3l 5 tsS ste Fihao (a3l sy
(V) 53,5 0

Do (P<e/+0) o ize olS glasyl 1y lod 5 357,18 Jlie 3l
h 4 el cnyar JoLsS T3S ASg)L8 2018 Ll
Oy 45 JUs o wiaslh ol 5 ole a0 =Y sled o lalS

O Hexaconazole B Penconazole
4 a
i 2 .
3 6 a
P
4 -5
3
o 4
e )
4]
s 27
wn
o
=)
[~
0 10 isg 20
Fungicide (mg.I'")

%6 Jloia! gelaw 53 SG13 99031 (wlwl g lunigS olS (RDMTs0) Suid (459 w0 pd 0+ swidls slod p L Jg3L 5 510 U
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‘U .
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o ].
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.U . P
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-8 0.00° 0.0° 0.0°
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Means with the same letters of each group in each column, according to Duncan test at 5%, no significant difference
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Figure 6- The effect of different concentrations of hexaconazole and penconazole on chlorophyll a, chlorophyll b, a/b and
carotenoids content in Kochia .Vertical lines indicate the standard error values
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kochia.Vertical lines indicate the standard error values
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Introduction

Cold and freezing are the most important limiting factors on development of sensitive plants. When the
ambient temperature deviates from optimal, physiological, and biochemical, metabolic and molecular changes
will occur within plants. This is an effort of plants to maximize growth and developmental processes and to
maintain cellular homeostasis during such adverse conditions. At the extremes of the natural temperature range
of plant, the degree of physiological, cellular, metabolic and molecular dysfunction becomes so severe that it
leads to death. Triazoles are the most potent groups of growth retardants with multiple effects. Plant growing
with paclobutrazol generally has little effect on rates of net photosynthetic rate. However, because the compound
reduces leaf area, net photosynthesis on a per plant basis is probably reduced. They have exhibited growth
regulating, fungicidal, herbicidal, apicidal and antibacterial activities. More recently, it was found that triazole
compounds are able to increase tolerance of plants to cold and freezing stress. Kochia (Kochia scoparia (L.)
Schrad.), an out crossing species whose pollen move between plants in windy areas, has recently been
considered as a forage or fodder crop in marginal lands. Steppuhn and Wall (1993) claimed that Kochia offers
great potential as a crop that can be grown on saline soils, yielding fodder in quantities approaching that
produced by alfalfa (Medicago sativa L.). Shamsutdinov et al. (1996) also reported more than 15 Mg ha™ dry-
matter production for Kochia under saline conditions and concluded that it is a good candidate for forage hay.
Thus, the aim of the present study was to determine whether the triazole compounds could increase tolerance of
kochia against freezing stress.

Materials and Methods

An experiment was carried out with hexaconazole and penconazole in 0, 10 and 20 mg.L" and freezing
temperatures 0, -2, -4, -6 and -8 degree centigrade in factorial based on CRBD with three replications at research
greenhouse of college of agriculture, Ferdowsi University of Mashhad in 2009. Plants were kept in natural
condition until three weeks after planting, which in this stage they had three leaves, and then treated with
fungicide. After 24 hours plants were frozen in thermo gradient freezer, in the dark. At first, the temperature of
thermo gradient freezer was five degrees centigrade, and then temperature decreased two degree centigrade per
hour. In order to make ice nucleation in plant at -3-degree centigrade ice nucleation active bacteria was sprayed.
Plants were keeping an hour in each temperature treatment. In order to balance the ambient temperature, the
plants are kept at the desired temperature for one hour and then the pots transport in a cold chamber at a
temperature of 5 + 2°C for 24 hours. The cell membrane stability was measured through electrolyte leakage (EL)
and the lethal temperature 50 (LTsq) (according to El) also were determined in the youngest developed leaf
from each plant. The electrolyte leakage in the solution was measured after 24 h of floating at room temperature
using a conductivity meter. Total conductivity was obtained after keeping the flasks in an oven (75°C) for 90
minutes. Results were expressed as percentage of total conductivity. Survival percentage, plant height, dry
weight and (LTs,) (according to survival) were determined after three weeks recovery in the natural condition.
The data were analyzed statistically using a two-way ANOVA, applied to the various measured and calculated
parameters, followed by a Duncan test for mean comparison between treatments at a 95 % confidence level by
MSTAT-C program.

Results and Discussion
The results showed that increase of fungicide concentration by 10 and 20 mg.L™' higher than control

decreased electrolyte leakage but, electrolyte leakage build-up with decrease freezing temperature. Fungicide
application increased -2 °C freezing tolerance in kochia. Increasing fungicide concentration in 10 and 20 mg.L"
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than control causes decreased LT50, from -5.9 to -7.2. Application of triazoles responsible of reduced

electrolyte leakage but they did not effect on survival. The use of different concentrations of fungicides

hexaconazole and penconazole of photosynthetic pigments in Kochia showed no significant effect. However, the

concentration of chlorophyll a and b in the use of fungicides hexaconazole was more than penconazole.
Conclusions

Triazole application initially had a positive effect on the reduction of electrolyte leakage, but survival and re-
growth did not affect. Generally, the use of Triazoles compounds prior to stresses such as cold, could expect the
plants can tolerate oxidative stress, which usually occurs after cold stress.
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