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Table 1. ANOVA results of some physiological indices in Citrus aurantium seedling.

Sla e Sl
Mean Squares @ i s s
@l S.0V
S p ol g Sp ol Jeily S df R
Leaf water content Leaf water potential Electrolyte leakage
L
171% 0.003™ 67.5™ 3 rels
KCl
Lo
2076** 4.9%% 35145 2 ’
Temperature
o X el IS
82.4%* 0.013™ 118.9™ 6 ~
KClxTemperature
Lo
21.8 0.013 37.3 36
Error
1) O s o
7.8 7.7 28.4 (1) o s oo

C.V.
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* and ** i.e. Significant at the P<0.05 and 0.01, respectively and ™ Not significant.
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Table 2. ANOVA results of some biochemical indices in Citrus aurantium seedling.

sz.gf u:isl,f
Mean Squares 4’”’_ i e
sl SOV
R adted O oldonST L8 IS Jds s Js5b Jesfsa df R
Proline  Lipid Peroxidation  Carotenoid Total Chlorophyll Chlorophyllb  Chlorophyll a
Lo S
1.59%* 0.53* 0.006** 4.7%* 0.61%* 1.9% 3 e
KCl
Lo
0.22%%* 3.08%* 0.001™ TH* 0.18™ 5.1%* 2 ’
Temperature
Los X qemsli g JS°
0.7%* 0.2™ 0.001™ 1.6™ 0.11™ 1" 6 ~
KClxTemperature
Uas
0.032 0.12 0.001 0.9 0.13 0.6 36
Error
(1) Sl s o i
19.03 29.8 15.6 133 19.3 15 o

C.V.
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* and ** i.e. Significant at the P<0.05 and 0.01, respectively and " Not significant.
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Table 3. Mean comparisons test of chlorophyll, carotenoid, lipid peroxidation and proline.

Odan aded O gl 5538 S g g S dsss b sk a s ks el IS
Proline Lipid peroxidation ~ Carotenoid =~ Leaf water content ~ Total chlorophyll  chlorophyllb  chlorophyll a KCl
mg/g FW umol/gFW mg/g FW % mg/gFW mg/gFW mg/gFW mM
1.43° 1.16° 0.21° 55.21° 5.99° 1.59° 439° 0
0.88° 0.91°%® 0.18° 57.31% 7.10° 1.97° 5.13° 2.5
091° %0.73 0.17° 61.56™ 727" 2.06° 521° 5
0.55° ®0.71 0.16° 63.41° 7.40° 2.30° 5.28° 10
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Means, in each column, followed by similar letter are not significantly different at P<0.05 via LSD Test.
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Table 4. Mean comparisons test of electrolyte leakage, leaf water potential, leaf water content, chlorophyll a,

total chlorophyll and proline.

S ol st

Sn o ity

oo JS s Ss ajss s S b
Proline Total chlorophyll  chlorophyll a Liimitter L:(z)l;mz;:r Electrolyte leakage Temperature
mg/gFW mg/gFW mg/gFW % MPa % °C
0.83° 7.64° 5.62° 71.8° -1.08° 5.45° 25
0.92° 6.76° 481° 56.8° -1.26° 9.42° 0
1.07° 6.35° 453° 49.5°¢ 2.12°¢ 32.88° 3
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Means, in each column, followed by similar letter are not significantly different at P<0.05 via LSD Test.
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Figure 1. The Effect of temperature on lipid peroxidation of Citrus aurantium leaf.
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Figure 2. The effect of potassium chloride different levels and temperature on Citrus aurantium leaf water content.
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Abstract

Background and Objectives: Citrus is the most important crops of the tropical and subtropical
areas and is sensitive to low temperature stress that suffered from enormous damage by this
stress occurrence. Citrus Aurantium is one of commercial citrus varieties that considered as a
biotic and abiotic stress tolerant rootstock. Of the major environmental stress that limits plant
growth, productivity and distribution is low temperature. Low temperature stress results in loss
in membrane integrity and increase of active oxygen radical productions, which leads to leaf
damage and electrolyte leakage. One of strategies to increase tolerance of plants under low
temperature is osmotic balance reaction to maintain plant water content. These activities are
affected by osmotic pressure regulators compounds such as some of inorganic ions like
potassium. Potassium increase cell tolerance against low temperature and can help to plant
against it. Purpose of this study was to investigate mechanisms that increased plants tolerability
against frost stress.

Materials and Methods: In this study, the effects of KCIl application with different
concentrations (0, 2.5, 5 and 10 mM) and temperatures of 0, -3 and 25 °C on physiological and
biochemical responses of young shoots of citrus were evaluated as a factorial in a completely
randomized design with four replications using the soilless culture in Horticultural Science
Research Institute, Citrus and Subtropical Fruits Research Center (Ramsar) in 2013.

Results: Results showed that leaf water content increased 13% by concentration of 10 mM
potassium chloride in comparison with the control treatment. Also, the amount of lipid
peroxidation reduced in the highest concentration of potassium chloride compared to the control
treatment. Leaf electrolyte leakage content increased with declining the temperature in all
treatments compared to control. By decreasing the temperature, 31% reduction in leaf water
content observed compared to control. A significant increase was observed in lipid peroxidation
amount with decreasing temperature and it was increased 70% more than control treatment in
-3 °C. The maximum amounts of carotenoid and lipid peroxidation were observed in control
treatment and temperature of -3 °C. The maximum contents of chlorophyll a, b and total were
observed in highest concentration of potassium chloride and temperature of 25 °C. The highest
proline content was occurred in the control treatment and temperature of -3 °C.

Conclusion: In general, potassium by increasing of leaf water content, decreasing secondary
metabolites such as proline, as well as reducing the leaf water potential, causes to increase of
cell membrane stability and citrus tolerability to low temperature stress.
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