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ABSTRACT

Four Mango (Mangifera indica L.) cultivars: ‘Ewais’, ‘Sidik’, ‘Fajrikalan’ and ‘Zebda’ were
investigated to study the electrical conductivity as a tool for determining damage index of
mango cultivars and their relationship with the index of injury (Id), the Relative Water
Content (RWC), Soluble Solid Content (SSC) and total phenols. ‘Ewais’ had the highest
cold tolerance whereas ‘Fajrikalan’ had the lowest cold tolerance. EC and Id values were
highest at -4°C and there was a direct proportional among: cold injury, exposure time and
the decreasing of temperature. Cold temperature increased the accumulation of SSC with
time. Total phenols of ‘Ewais’ and ‘Fajrikalan’ were lower than in ‘Zebda’ and ‘Sidik’. The
relationship between the RWC and the Id was not clear from this experiment.
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1. INTRODUCTION

A change in the Egyptian climate has already been observed during the last decades, and
this is expected to continue throughout this century. This change in climate affects the
behavior of fruit trees and their productivity. In 2008, Egypt was exposed to a wave of frost
that caused severe damage to mango trees; hence, there is a need to know which cultivars
are resistant to winter cold.
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Low temperatures decrease the biosynthetic activity of the plants, disturb the normal function
of physiological processes and may results in permanent injuries that finally bring about the
plants death. Therefore, the ability to estimate the degree of cold hardiness in plants is of
great value for both basic and applied studies [1].

The ultimate survival of woody plants is dependent not only on the maximal capacity of cold
hardening, but also on the timing and rate of both cold acclimation and deacclimation,
[1,2,3]. The electrolyte leakage test is well suited for measuring freeze-induced damage as it
is based on alterations in cell membranes. Recording the amount of leakage will thus
provide an estimate of tissue damage. The Electrolyte leakage tests involve measuring of
the electrical conductivity of pure water in which detached tissue samples have been placed
after a freeze-thaw cycle [1].

Cold acclimation is a complex process associated with physiological and biochemical
changes in the plants, including modifications in membrane lipid composition; increases in
soluble sugars, amino acids, and organic acids; synthesis and accumulation of antioxidants
and protective proteins; changes in hormone levels; and alterations in gene expression [4,5].

However, the role of phenolic compounds in plant abiotic stresses particularly low
temperature stress, has received much less attention. The structural chemistry of
polyphenols predicts their potential role as free radical scavengers (antioxidants) and this
has been well documented [6].

The principle of increased permeability and electrical conductivity of injured tissue is a
familiar one in plant physiology, while the method of electrical conductance as a measure of
changing electrolyte concentration has been more or less standard for many years [7].

The aim of this experiment is to study the electrical conductivity as a tool for determining
damage index of some mango cultivars and to detect the index of injury (Id) and its effect on:
the leaves relative water content (RWC), soluble solid content (SSC) and total phenols
content, also on the exposed time to the cold.

2. MATERIALS AND METHODS

2.1 Sampling Technique

Leaf samples were collected from the mature terminal leaves and brought to the laboratory
where they were washed with tap water then with distilled water and toweled dry.

2.2 Electrical Conductance Measurements (EC)

The Electrical conductivity of water extracted from the frozen leaves, was used to determine
the cold injury [8] and the electrolyte leakage was used to assess membrane competence in
plant tissues, [9] .As there may be a considerable variation in the total amount of electrolytes
between different samples, [10] introduced the idea of expressing the amount of leakage as
a percentage of total electrolytes released from the sample after heat killing.

Six replicates for each treatment of each sample was 2 g. leaf discs at 1.5 cm diameter
prepared with cork borer from leaf blades and put in glass tube. Samples distributed at three
controlled cool rooms temperature were adjusted at 4°C, -4°C and 20°C. Mango seedling
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Freezing at temperatures above -3.0°C occurred on 2 occasions as reported [11]; Seedling
turpentine mango in pots growing in Gainesville were killed at less than -3°C on February 9
and August 10, 1983, -4.5°C on April 29 [12] for three tested durations (1,2,3 hours) , after
each duration  of  the test at each temperature the samples  were taken out  and left to thaw
then 20 ml distilled water was added for each tube, and the samples were put into the cool
room at 20°C  for 24 hours then measured EC u mhos (before boiling or EC initial) by using
water conductivity and soil activity meter (HANNA -HI 99331). The samples tubes were
covered and placed in a water path until boiling point (20-25 min.) to kill the tissue then
cooled and back up to the initial volume (20 ml.). Then, the samples were returned to cool
room at 20°C for 24 hours then measured EC u mhos (after boiling or EC total).

The percentages of electrolytes were calculated as follows:

% electrolytes = EC u mohs before boiling / EC u mohs after boiling *100

The index of injury was calculated by Whitlow et al. [9] according to the following equation:

The “Index of Injury” (Id) = 100 (Rt-R0) / (1-R0)

Where:-
Rt = EC initial/ EC total for stressed tissues.
R0 = EC initial/ EC total for non stressed tissues.
EC initial = Conductivity of the bathing solution following a given period of leakage.
EC total = Conductivity of the bathing solution following heat killing to release all ions
from tissues.

2.3 Relative Water Content (RWC)

Relative Water Content (RWC) has often been used to measure internal water stress. It is
useful because it expresses the absolute amount of water required for full saturation. A given
value for RWC may have different physiological significance for different species or even for
different parts of one plant [13].

Discs of leaves prepared as previously described, 10 replicates each one had 15 discs pre-
weighted immediately to obtain fresh weight then put discs in Petri dish and added 20 ml
distilled water until it became fully turgid (4 hours) at 2°C in dark cool  room. After it quickly
blotted to remove surface moisture by paper towel and reweighted to obtain turgid weight.
Discs put in paper pages and put in the oven at 70 °C for 24 hours then reweighted to obtain
the dry weight.

Measurement of RWC of plant tissue was determined as:

RWC = (fresh weight – dry weight) / (turgid weight – dry weight)

2.4 Soluble Solid Content (SSC)

After the leaves were exposed to “4°C, -4°C and control (20°C room temperature)” for 1,2
and 3 hours, the pieces of the leaves were crushed in a mortar and the SSC of leaves juice
were measured by digital Refractometer (ATAGO Pr-32).



Ismail; IJPSS, Article no. IJPSS.2014.002

451

2.5 Total Phenols

After the leaves of the mango cultivars were exposed to 4°C and -4°C for 1, 2, and 3hours
the total phenols were measured by spectrophotometer at 730 wavelength, according to
[14].

2.6 Experimental Design

A complete randomized design was applied with six replicates per treatment except the
Relative Water Content (RWC) which was represented by 10 replicates.

2.7 Data Analysis

The means of the two seasons were subjected to ANOVA and were evaluated by MSTATC
program. The differences between the means were compared using LSD test at 5% level of
significance.

3. RESULTS AND DISCUSSION

Data in (Fig. 1) showed that, the EC had the highest value of ‘Fajrikalan’ at -4°C after 3
hours, followed by ‘Zebda’   then ‘Sidik’  and ‘Ewais’, where the EC values increased by time
duration. In general, the EC was higher at -4°C than at 4°C for all cultivars at three different
time durations. There was no trend of EC values at 4°C among cultivars or time durations.

Fig. 1. Conductance of diffused electrolytes of ‘Ewais’, ‘Sidik’, ‘Fajrikalan’  and ‘Zebda’
mango discs leaves exposed to different temperature for various periods.

The Id values were shown in (Fig. 2) where in all cultivars, Id values at -4°C were higher
than those values at 4°C and increased by time durations, also ‘Fajrikalan’   had the highest
Id value after 3 hours followed by ‘Zebda’ , ‘Sidik’  and ‘Ewais’  respectively. At 4°C Id values
varied without specific trend.

The mean values of RWC were shown in (Fig. 3) where ‘Fajrikalan’  and ‘Zebda’  had the
highest values, whereas  ‘Sidik’ had the lowest value, but there were insignificant differences
of relative water contents among all the cultivars, therefore the cold tolerant of  ‘Sidik’  and
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‘Ewais’ may be due to the low content of RWC. The reduced water content is commonly
related to the increased hardiness [15].

Fig. 2. Conductance of diffused electrolytes of Id Ewais’, ‘Sidik’, ‘Fajrikalan’   and
‘Zebda’ mango discs leaves exposed to different temperatures for various periods.

Fig. 3. RWC of Ewais’, ‘Sidik’, ‘Fajrikalan’ and ‘Zebda’ mango.

The water status may also have an indirect effect on cold hardiness mediated by a
decreased respiratory consumption of cryoprotective sugars in dehydrated tissues [16].
Exposure to drought can increase cold hardiness of woody plant stems and of leaves by
several degrees [1,17,18,19].

An increase in freezing tolerance at minimum temperatures above 0°C is accompanied by a
decrease in tissue water contents with a further increase in freezing tolerance at
temperatures below 0°C occurred without a commensurate change in tissue water content
.The results suggest that the proportion of a very weakly bound water in crown tissue is
reduced during cold acclimation and increased under snow cover. The critical amount of
water necessary to avoid desiccation may vary with genotype.

The changes in both the amount and physical state of water are perhaps dependent on the
accumulation of hydrophilic substances such as proteins and carbohydrates. Plants may
develop the capacity not only to retain water in tissues but also to protect cell structures
against desiccation by accumulating substances that bind water molecules, which leads to a
reduction in free water and to an increase in bound water [20].
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The SSC values are shown in (Fig. 4), these values decreased by increasing the time at
different temperatures for all cultivars. Also noticed that the SSC values of ‘Zebda’ followed
by ‘Sidik’ were higher than those for ‘Fajrikalan’ followed by ‘Ewais’. As a general the SSC
values at -4°C were higher than their values at 4°C after 2 and 3 hours of all cultivars. During
cold acclimation, plant cells and tissues undergo a wide range of changes that allow cell
functioning at low temperatures and enable survival of freezing stress. Cold acclimation is
accompanied by both reduced water content of tissues and an accumulation of putative
cryoprotective compounds, such as soluble carbohydrates and proteins [21,22].

Fig. 4. SSC contents of Ewais’, ‘Sidik’, ‘Fajrikalan’ and ‘Zebda’ mango.

Fig. 5 shows The total phenols content values where the phenols content values of ‘Ewais’
and ‘Fajrikalan’ were lower than ‘Zebda’  and ‘Sidik’ at 4°C and -4°C. In general, the phenols
content values were lower at -4°C than at 4°C without significant differences in most cases.
Also the phenols values were increased over time at -4°C. [23] found that there was a
positive linear (R2=0.9022; P=0.002) relationship between total phenolic content and the
total antioxidant capacity of cold acclimated plants.

Fig. 5. Total phenols contents of ‘Ewais’, ‘Sidik’, ‘Fajrikalan’ and ‘Zebda’ mango.

The electrolyte leakage technique allows for simultaneous spectrophotometric measurement
of leached phenolic compounds, which can also be used as a measure of freezing injury
[1,24,25,26].
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Increase of phenolic compounds in tissues during chilling treatments may be partially due to
chilling adaptation as defense mechanisms for scavenging ROS and also to mediate these
stresses [27,28,29].

However, the mechanisms of chilling stress tolerance is complex and may act in concert with
other biochemical and physiological mechanisms to maintain normal physiological functions
under chilling conditions [27].

Mango trees show high susceptibility to cold injury. Young trees are damaged by
temperatures of -0.5°C. Variability among cultivars is apparent after a cold spell, but precise
information on this subject is non-existent [11], nor is it known if mangos can acclimate to
cold [12].

4. CONCLUSION

The conclusion was that the EC and Id values were the highest at -4°C and that there are
directly proportional among: cold injury, exposure time and the decreasing temperature.
‘Fajrikalan’ was the highest Id value after 3 hours followed by: ‘Zebda’, ‘Sidik’ and ‘Ewais’
respectively. Therefore the ‘Fajrikalan’ was the most sensitive cultivar to the cold injury
whereas the ‘Ewais’ was the lowest sensitive. ‘Fajrikalan’ and ‘Zebda’   had RWC values
higher than ‘Sidik’ and ‘Ewais’ values. Therefore the cold tolerance  of  ‘Sidik’  and ‘Ewais’
may be due to the low content of RWC, but the values were insignificant so the relationship
between the RWC and the Id was not shown in this experiment. In addition the SSC was the
lowest value with ‘Ewais’ where the ‘Zebda’ ‘Zebda’ was the highest , Also notice that  the
cold temperature increased the accumulation of SSC over time. Total phenols of ‘Ewais’ and
‘Fajrikalan’ were lower than ‘Zebda’ and ‘Sidik’ Our results suggest that ‘Ewais’ had the
highest tolerance to damage index  whereas ‘Fajrikalan’ was the most sensitive of cold after
3 hours followed by ‘Zebda’ and ‘Sidik’  respectively. The author recommends applying this
study on the other mango cultivars and fruit crops.
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