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Abstract 
Citrus is one of the most important fruit plants of the tropical and subtropical areas and because of its sensitivity to low 
temperature stress, it generally suffers from damages of frost occurrence in northern Iran in some years. Potassium 
nitrate application can help the plant against cold stress. The purpose of this study was to investigate some physiological 
response of annual shoots of Citrus aurantium seedling under low temperature stress to KCl application. Accordingly, a 
pot experiment with four levels of KCl (0, 2.5, 5, 10 mM) was carried out in a completely randomized design with four 
replications under low temperature stress (-3°C). ANOVA results showed that the effect of KCl was significant on indices 
of electrolyte leakage, leaf damage percentage, leaf water content, chlorophyll a, total chlorophyll and carotenoids 
contents at ambient temperature of -3°C. But these treatments had no significant effect on indices of leaf water 
potential, water soaked percentage, leaf color, chlorophyll b and damage of shoots. Mean comparisons test indicated 
that application of 5 mM KCl - through reducing electrolyte leakage and leaf destruction percentage to the lowest 
amount along with keeping the highest leaf water, chlorophyll a and b and carotenoids contents - was effective on the 
stability of seedlings against the low temperature stress. 
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Introduction 
Citrus is one of the most important fruit plants of the tropical and subtropical areas that are susceptible to 
frost stress. Citrus cultivation and training concentrated in latitude 40° north and south of the equator. Of 
Botany, Citrus belongs to the Rutaceae family and subfamilyof Aurantioideae. Orange (Citrus aurantium) is a 
commercial variety of citrus which is used as a resistant rootstock to biotic and abiotic stresses (Kaanane et 
al., 1988)[14]. Most plants in this family are evergreen tree or shrub. 

One of adverse climatic factors which causes citrus destruction or damage, is severe and sharp cold 
(temperatures drop below the freezing point) resulting in frost. Low temperature stress including cold and 
frost causes metabolic imbalances, yield reduction and in some cases death of sensitive plants because of 
biochemical and physiological changes (Chen et al, 2006)[6] Temperature drop leads to drastic changes in 
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membrane fluidity. These changes are different for each cell and depend on the relative composition of 
phospholipids (Bringer and Troldenier, 1980)[4].  

Potassium is an essential micronutrient. Potassium essentiality is related to its key role as a major inorganic 
osmoticum (Marschner, 1995[17]; Shabala, 2003[23]). Potassium is also essential as a counter ion for the charge 
balance of ion transport across the plasma- and intra-organelle membranes (Anschütz et al, 2014[1]; Dreyer and 
Uozumi, 2011[10]; Shabala, 2003[23]). It is important in fruit formation and enhances fruit size, flavor, and color. 
Potassium helps in reducing the influence of adverse weather conditions like drought, cold, and flooding 
(Obreza, 2003)[19]. In potassium deficiency condition, cold stress causes photo-oxidative damage to 
photosynthesis in plants, which can lead to reduction in growth and yield of plant. It seems that large 
amounts of potassium may reduce the adverse effects of cold damage to the stem and leaves (Kafkafi , 
1990)[15]. Citrus fruit quantity and quality are significantly affected by potassium fertilizer sources. Potassium 
chloride is an important potassium fertilizer source. Both potassium and chloride are the most important 
osmotic active inorganic compounds in plant cells and textures (Clarkson and Hanson, 1980)[7]. Potassium 
deficiency is a major nutritional problem affecting quality and production of Citrus. Potassium-deficient plants 
are sensitive to various stresses (Cakmak, 2005)[5]. Davies et al (1991)[9] in a study on the fertilization of freeze-
damaged 'Hamlin' orange trees  suggested that mature, non-bearing citrus trees have the capacity to store 
and mobilize nutrients from the trunk, limbs and roots and require low levels or no fertilization following a 
frost during which severe wood damage occurs. 

Considering frost stress occurring periodically and unexpectedly resulting in damage to citrus production on 
the one hand and the necessity of attention to global production of citrus on the other, the study of 
biochemical and physiological reactions of sour orange seedlings at low temperature is essential and 
necessary. Hence, the purpose of this study was to investigate some physiological response of annual shoots 
of Citrus aurantium seedling under low temperature stress to KCl application. 

Materials and Methods 

To study the physiological and biochemical responses of potted annual seedlings of sour orange to the 
application of KCl at -3°C, an experiment carried out in a completely randomized design with four replications. 
Treatments were 0, 2.5, 5 and 10 mM KCl, respectively. Seedlings were grown in soilless culture and Hoagland 
solution was used to feed the seedlings. Before applying the treatments in order to adapt the plant to 
temperature drop, the seedlings were transferred into an incubator with 65 ± 5% relative humidity and light 
intensity of 15,000 lux (12 h light and 12 h darkness) for 75 days. Immediately after applying the stress - 3 ° C for 
24 h, the amounts of ion leakage (Compose et al, 2003) [8] , the percentage of leaf damage, leaf water content 
(Verslues et al, 2006)[24] , chlorophyll a, b, total and carotenoid (Pietrini et al, 2005)[20] , leaf water potential 
using a pressure chamber (Ferrat and Lovatt, 1999)[11], water soaking percentage (Sala and Lafuente, 2000)[21], 
leaf color using a colorimeter (model Minolta CR 400) (Garcia-Sanchez et al, 2003)[12] and damaged shoots 
were measured. Five weeks after cold stress, traits such as leaf color, leaf water content and leaf and shoot 
damage were reevaluated (Zhao-Shi, et al. 2007)[27]. Data were analyzed by SAS-ANOVA and SAS-Means 
procedures (SAS Institute, 1999)[22]. 

Results and Discussion 

Analysis of variance showed that the effect of KCl was statistically significant at P. value ≤ 5% on ion leakage, 
the percentage of leaf damage, Water content, chlorophyll a and total and carotenoid indices of annual sour 
orange seedlings at - 3°C. But it was not significant on leaf water potential, water soaking, chlorophyll b and 
shoot damage contents. 

Mean comparisons test results (Table 1) showed that with increasing K level to 10 mM KCl, Ion leakage 
decreased and then increased, but this increase was not significant. The lowest value of ion leakage (avg. 
24.19 %) was observed in 5 mM KCl treatment, and the highest value (avg. 47.60 %) was recorded in blank. 
These data indicate that the concentration of plant cell sap increases with the increase of potassium 
application, thus plant cell membranes show significant tolerance to frost. Plant tolerance increases in higher 
K Concentration due to the increase of favorable plant morphological and physiological effects like plant cell 
turgidity, protoplasmic structures formation and osmotic pressure. Consequently, this results in the decrease 
of ion leakage in plant (Grewal and Singh, 1980)[13]. 
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The results showed that the percentage of leaf damage significantly reduced with the increase of potassium. 
The lowest (25/6%) and the highest (36/3 %) percentages of leaf damage were observed in the 5 mM KCl and 
control treatments, respectively (Table 1). The occurrence of low temperature stress causes membrane lipid 
peroxidation, reduction of leaf chlorophyll content and finally complete leaf destruction. Potassium affects on 
the enzymatic reactions, osmotic balance of plant, carbohydrates and proteins assimilation, and it increases 
the leaf resistance against destruction. Damage or oxidative stress caused by chill decreases with increasing 
potassium concentration in the plant, and thus leaf damage reduces (Kafkafi, 1990)[15]. 

 

Table 1. Mean comparisons test on some physiological and biochemical traits of sour orange under KCl treatments at - 
3°C† 

KCl 
Ion 
leakage 

Leaf 
color 

Leaf 
damage 

Shoot 
damage 

Water 
content 

Water 
soak ψwleaf 

Chl- 
total 

Chl-b Chl-a Carte- 
noied 

mM % bar mg g-1 FW 

0 47.6a -13.0a 29.4a 36.1a 36.0b 21.3a 21.8a 6.4b 1.8a 4.6c 0.16c 
2.5 43.6a -13.4a 28.7a 40.6a 49.9a 0.0a 20.8a 7.1b 1.6a 5.5b 0.20ba 
5 24.2b -13.0a 6.3b 0.0a 53.7a 0.0a 21.5a 8.7a 2.2a 6.5a 0.21a 
10 31.7b -14.3a 13.4ab 65.0a 51.5a 8.5a 20.9a 7.7a 2.1b 5.6b 0.19b 

†Means within each column followed by the same letters are not significant (Lsd, α = 5%). 

 

Effect of potassium on leaf water content was also significant. Leaf water content increased with increasing 
potassium concentrations (Table 1). The lowest leaf water content was observed in the control treatment 
(36.0%) and the highest value one in 5 mM KCl treatment (53.7%). Sufficient concentration of potassium can be 
effective in maintaining water content in plants. High and optimum concentrations of potassium reduce 
stomatal conductance and transpiration rate, which in turn increase the water content in plants (Xu et al, 
2011)[25]. 

The highest amount (avg. 8.70 mg g-1 FW) of total chlorophyll was observed in treatment 5 mM KCl and the 
lowest value (avg. 8.70 mg g-1 FW) was in the control treatment (Table 1). Temperature drop reduces the 
amount of chlorophyll and as a result photosynthesis reduces. Leaf chlorophyll reduction of citrus under cold 
and frost shock conditions likely associates with an increase in active oxygen radicals, lipid peroxidation, and 
as a result, destruction of these pigments in the chloroplast membrane and thylakoids can follow it (Pietrini et 
al, 2005)[20]. Appropriate concentration of potassium can enhance chlorophyll content and 
photophosphorylase activity and maintain proton gradient of thylakoid membranes, promoting 
photosynthetic phosphorylation  (Yurtseven   et al, 2005[26]; Xu et al, 2011[25]).  

As seen in Table 1, a significant increase in total chlorophyll with increasing potassium is mainly related to the 
increase in chlorophyll a. The lowest amount (avg. 63.4 mg gr-1 FW) of chlorophyll a and the highest value 
(avg. 49.6 mg gr-1 FW) were observed in the control treatment and in treatment 5 mM KCl, respectively. There 
was no significant change in the amount of chlorophyll b. whereas, the carotenoid level increased with 
increasing KCl concentration and the lowest value (avg. 0.16 mg gr-1 FW) was observed in the control. Also, 
carotenoids increase can be possibly result from oxidation of these pigments by reactive oxygen radicals 
(Berova et al, 2002)[3]. Mikkelsen (2005)[18] stated that the total carotenoid in tomatoes increases with 
increasing the amount of potassium.  

Correlation test (Table 2) revealed that there was a negative significant correlation between ion leakage and 
leaf water content (r =-0.66 *). With increasing the potassium concentration, Ion leakage reduces but the leaf 
water content increases. Cold stress causes the accumulation of reactive oxygen radicals in citrus. These 
radicals have a various effects such as membrane lipids oxidation which caused the increase of ion leakage 
and reduction of leaf water content (Zia-ur-Rehman, 2006)[28]. Ion leakage had negative correlations with total 
chlorophyll and chlorophyll a contents at P. value ≤ 1%. Destruction of cell membranes and chlorophyll, caused 
with potassium deficiency, increases ion leakage under abiotic stress (Kaya et al, 2001)[16]. 
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Table 2 - Correlation coefficients of some sour orange biochemical and physiological traits at - 3°C and KCl application (Y1-
Y7 stand for ion leakage, leaf damage, leaf water content, chlorophyll a, b and total and carotenoid) 

Y7 Y6 Y5 Y4 Y3 Y2 Y1 Indices 

      1 Y1 

     1 0.41 Y2 

    1 -0.45 -0.66** Y3 

   1 0.67** -0.46 -0.65** Y4 

  1 0.37 0.15 0.1 -0.35 Y5 

 1 0.75** 0.88** 0.55* -0.21 -0.63** Y6 

1 -0.56* -0.33 -0.56* -0.67** 0.35 0.80** Y7 

*, ** i.e. statistical significant at P. values 0.05 and 0.01, respectively 

 

There was a significant positive correlation between ion leakage and carotenoid at P. value ≤ 1% (r = 0.80 **). 
With the increase of ion leakage at low concentrations of potassium, photosynthetic pigments also reduced.  
A significant negative correlation at P. value ≤ 1% (r = -0.67 **) was also observed between leaf water and 
carotenoid contents. Leaf water content was also positively correlated with total chlorophyll and was 
significant at P. value ≤ 5% (Table 2). Azzarello et al (2009) [2] also reported similar results. 

Conclusion 

The results showed that changes occur in some physiological and biochemical indices of sour orange seedlings 
at low temperature. Potassium is a nutrient that can increase plant resistance against abiotic stresses. 
Concentration of 5 mM KCl reduced the adverse effects of low temperature, and increasing the potassium 
concentration showed a significant increase in photosynthesis rate, chlorophyll a, b and total and leaf water 
content. Indices such as ion leakage and the percentage of leaf damage decreased with increasing potassium. 
Potassium effects on increasing the resistance against abiotic stresses can originate from inhibiting role of 
potassium against the production of reactive oxygen radicals during the process of photosynthesis. 
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