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ABSTRACT 

Sunburn is one of the most important problems that can affect the growth, productivity 
and quality of Balady mandarin trees due to high temperature and direct solar radiation.So, a field 
experiment was carried out during 2017 and 2018 seasons to study the effect of foliar spray of kaolin 
at 2, 3, 4 % and glycine betaine at 15, 25, 50 mM on sunburn percentage and fruit quality of 15 years 
old Balady mandarin trees (Citrus reticulata, Blanco) budded on sour orange (Citrus aurantium L.) 
rootstock. The trees were grown in clay soil of a private farm located at Kafr El-Sheikh governorate, 
Egypt. The experimental trees were foliar sprayed three times at May, June and July. The results 
showed that all treatments decreased the percentages of sunburned fruits compared to control in both 
seasons of the study especially, application of Glycine betaine and kaolin at 50 mM and4%, 
respectively. Moreover, Glycine betaine and kaolin treatments increased yield and improved fruit 
quality in terms of fruit weight, size, diameter, peel thickness and vitamin C. Also, it raised fruit 
values of SSC%, acidity and SSC/acid ratio as compared with the control, whereas there is no 
significant variation among Glycine betaine and kaolin concentrations on these variables. Therefore, it 
could be recommended to spray kaolin at 4% or Glycine betaine at 50 mM three times during summer 
months as an effective treatment to reduce fruit sunburn damage, improvement yield and fruit quality 
of Balady mandarin trees.  
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Introduction 

Citrus is one of the world's most important fruit crops. It ranks third between fruit crops and 
only proceeded with grapes and apples. Balady mandarin (Citrus reticulata, Blanco) occupies an 
important cultivar among the citrus cultivated in Egypt; owing to its excellent productive potential, 
acceptable juice quality and simple peeling. Citrus is subjected to a number of abiotic (temperature, 
droughts, or salinity) or biotic (insect, pest and disease) stresses that can limit yield potential. 
Meanwhile, it can be grown in a variety of arid and humid climates, and can withstand temperatures 
ranging from -2.2 to 40.6 °C, but it performs best at temperatures between 15.6 and 30 °C (Parsons 
and Beck, 2004). 

Heat stress induced by elevated temperatures in summer months, interaction with direct solar 
radiation and excessive light causing sunburn in Balady mandarin leaves and fruits. Compared to the 
leaves, fruits are more susceptible to sunburn, primarily because they are not capable of effective 
processes for using and/or dissipating solar radiation (Blanke and Lenz, 1989). 

Sunburn (solar injury) creates important financial losses in numerous fruit species such as 
apples, mangoes, grapevines, pomegranate and olives, as well as revenue losses for farmers (Schrader 
et al., 2003). In citrus fruit, sunburn is worsened by splitting the oil glands into the flavedo which 
damages the underlying cells (Ketchie and Ballard, 1968). This symptom can be ranges from light 
bleaching to dark necrotic areas accompanied by cell death (Verreynne and Merwe, 2011). There are 
several plant protection mechanisms to prevent sunburn such as: dissipation of excess energy through 
the xanthophyll process (Ma and Cheng, 2003). Induction of antioxidants (e.g., different phenolics, 
flavonols and proteins) to minimize oxidative harm (Solovchenko and Schmitz-Eiberger, 2003). UV 
attenuation by UV-absorbing / reflecting pigments (Merzlyak and Solovchenecko, 2002) and 
production of heat shock proteins (Ritenour et al., 2001). 

Among the numerous cultivation methods established to regulate sunburn in many crops are 
kaolin particles. Kaolin is a natural mineral which main constituent is kaolinite (Al2Si2O5(OH)4). The 
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applications of this substance by spraying canopies reflecting sunlight resulted in lowering the 
temperature of the leaf surface and fruit, thereby decreasing sunburn and enhancing fruit quality 
(Glenn and Puterka, 2005 and Glenn, 2009). Kaolin clay treatments have been successfully applied in 
different fruit species to minimized fruit sunburn, improve yield and fruit quality (Kerns and Wright, 
2000; Colavita et al., 2011 and Alvarez et al., 2015). Kaolin has been used to reduce sunburn with 
some achievement on apples (Glenn et al., 2001; 2002), grapefruit (Jifon and Syvertson, 2003) and 
pomegranates (Melgarejo et al., 2004). The kaolin seems to represent some of the solar radiation, 
particularly ultraviolet wavelengths from the fruit surface, thereby lowering the fruit surface 
temperature and decreasing sunburn (Glenn et al., 2002). Previous research on citrus concluded that 
kaolin applications on grapefruit reduced mid-day leaf temperatures by 3°C, increased mid-day 
stomatal conductance and net CO2 assimilation of leaves and reduced photoinhibition of 
photosynthesis, but had no effect on whole-tree water use (Jifon and Syvertsen, 2003). 

In addition, high temperature stress in crops resulted in the manufacturing of reactive oxyg- en 
species (ROS) that trigger oxidative stress (Fawole and Opara, 2013 ) .  These free radicals cause 
membrane integrity loss owing to their elevated  reactivity  leading to electrolyte leakage and cell 
death (Wünsche et al., 2004). 

Plants are protected from the cytotoxic impacts of reactive oxygen species by antioxidant 
enzym-es or metabolites such as glutathione, ascorbic acid and carotenoids that may scavenge 
reactive oxygen species. Prevention of oxidative damage to cells during stress has therefore been 
suggested as one of the stress tolerance mechanisms (He et al., 2002). These processes may also be 
caused or improved by the exogenous implementation of Compatible Solutes (Giri, 2011). 

Compatible solutes with low molecular weight are non-toxic and safeguard crops from var-                
ious stresses through osmotic adjustment, membrane stabilization, protein and enzyme protection 
(Heuer, 1994).Sprinkling crops with an osmolyte that would stabilize cell proteins against 
denaturation and safeguard cell membranes against harm caused by elevated concentrations of in 
orga- nic ions during extreme temperatures or other environmental stresses ( e.g.  low water,  elevated  
salinity or frosting) is a sensible chance (Houliston et al., 2007). 

Glycine betaine (N, N, N-trimethyl glycine) is an organic compound of low molecular weight 
that has been effectively implemented to induce heat tolerance in different plant species. Ashraf and 
Foolad (2007) revealed that Glycine betaine (GB) is a significant plant-compatible osmolyte and 
accumulates in cytosol and chloroplast. GB can play a significant role in effectively protecting against 
drought, elevating salt and temperature defects. GB also prevents physiological procedures such as 
photosynthesis by preserving under stress condition the ribulose-1, 5-bisphosphate carboxylase-
oxygenase (Rubisco) enzyme and photosystem II under stresses condition. In addition, GB-treated 
crops retain greater antioxidant enzyme activity and minimize oxidative stress (Mohammed and 
Tarpley 2009) But, not all crops accumulate GB in adequate quantities to assist prevent adverse 
effects of abiotic stress. Thus, distinct methods were envisaged to raise the levels of these compounds 
in crops cultivated under the stress conditions to increase their stress tolerance. Exogenous application 
of GB to low-accumulative or non-accumulative crops may assist to decrease adverse effects of 
environmental pressures. Externally applied GB can quickly penetrate through leaves and be 
transferred to other organs where it would lead to enhanced stress tolerance (Yang and Lu, 2005). 

The using of GB can mitigate heat stress through a number of distinct processes as lick 
photosynthetic equipment protection  and protects some enzymes and protein complexes from heat 
induced destabilization(Chen and Murata, 2011) therefore, it has been postulated that GB increases 
resistance to high-temperature stress (Sakamoto and Murata 2002). Moreover, GB was discovered to 
boost D1 protein synthesis which promotes photo-damaged PSII repair (Allakhverdiev et al., 2007). 
GB's protective impact under multiple stress circumstances is also attributed to its ability to improve 
the activity of some enzymes engaged in the antioxidant protection mechanism (Giri, 2011; Hoque et 
al., 2007). It works physiologically as an osmolyte to safeguard cells or a catabolic source of methyl 
groups to accelerate various biochemical procedures (Craig, 2004), safeguard plant cells against 
osmotic inactivation, and enhance cell water retention (Sakamotoand Murata, 2002; Ashraf and 
Foolad, 2007). 

GB exogenous application is a useful technique for inducing plant tolerance to multiple abiotic 
stresses, but a possible disadvantage could be the absence of coherent outcomes. The impact of GB 
appears to be heavily dependent on concentration, time and technique of implementation, stress 
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conditions, phase of plant development, crop genotype and species (Anjum et al., 2011; Ashraf and 
Foolad, 2007). 

So, the main objective of the present work was to study the efficiency of kaolin and Glycine 
betaine in reducing sunburn and improving fruit quality of Balady mandarin fruit trees. 

Materials and Methods 

This experiment was undertaken in a private orchard situated at Kafr El-Sheik Governorate 
during 2017 and 2018 seasons on 15-year-old Balady mandarin trees (Citrus reticulata, Blanco) 
budded on sour orange (Citrus aurantium L.) rootstock. The trees were cultivated in clay soil and 
planted 5x5 meters apart under flood irrigation system.  In this research, forty-two trees were chosen 
as uniform as possible in size and vigor. The trees were subjected to the common cultural practices in 
this area. The metrological data of the studied period were presented in Fig (1).The experiment was 
designed in a in a Randomized Complete Block Design, with 7 treatments replicated three times with 
two trees per each. All experimental trees were sprayed three times at 
May, June and July. 
The experiment treatments were as follow:  

●T1 = Control (spray with tap water)  
●T2 = Kaolin foliar Spray at 2%  
●T3 = Kaolin foliar Spray at 3%  
●T4 = Kaolin foliar Spray at 4%  
●T5 = Glycine betaine foliar Spray at15mM. 
●T6 = Glycine betaine foliar Spray at 25mM. 
●T7= Glycine betaine foliar Spray at 50mM. 

 
Fig. 1: Mean of maximum and minimum temperature data for Kafr El-Sheikh area during 2017 and 

2018 seasons (source, meteorological station at Sakha 31° 07' N Latitude, 30° 05' E 
Longitude). 

 
The following parameters were recorded:  
 
● Fruit sunburn %: It was calculated by using the follow equation:  
 
Sun burn %= (No. of sunburned fruit ÷ Total No. of fruits) x 100. 
 
● Yield:  

At harvesting time, fruit number/ tree and average yield of fruits (kg) per tree were calculated. 
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● Fruit quality:  
At harvest time, 20 healthy fruits were drawn randomly from each replicate in both seasons and 

ready to determine physical fruit quality characteristics such as fruit weight (g), fruit size (cm3), fruit 
height (cm) and diameter (cm), peel thickness (cm), fruit juice percentage (A.O.A.C., 1990).Fruit 
chemical characters as soluble solids content (SSC%) was determined by using handily refractometer 
and total acidity as citric acid % was determined. Vitamin C as ascorbic acid in mg/100ml juice was 
estimated by using 2, 6 dichlorophenol indophenol and SSC/acid ratio was calculated.  

 
Statistical analysis  

The data were statistically analyzed as analysis of variance according to Snedecor and Cochran 
(1990). Duncan’s multiple range test (Duncan, 1955) at 5% level was used to compare treatments 
mean values.  
 
Results and Discussion 
 
Fruit sunburn Percentage: 
 

Data presented as Fig. (2) indicated that the percentage of sunburned fruits was decreased by 
applied treatments compared to control in both seasons. In this respect, mandarin trees foliar sprayed 
with glycine betaine at 50 Mm gave the lowest percentages of sunburned fruits (7.3 and 5.8 %)  
followed by that treated by kaolin at 4% (7.1 and 6.1) and control treatment (T1) gave the highest 
values of fruit sunburn percentage (19.1 and 17.1 %) in both seasons, respectively. The differences 
were significant among treatments in both seasons. In view of the fact that the main causes of sunburn 
in citrus crop are high temperature and high intensity of solar radiation (Jifon and Syvestron, 2003 and 
Tasi et al., 2013). The positive effect of treatments may be due to the role of these compounds in 
reducing heat stress, lowering fruit surface temperature and reduce transpiration rate, all of these 
effects led to high protection for the fruits against heat stress as well as sunburn injury.  

 

 
Fig. 2: Effect of kaolin and glycine betaine applications on sunburn percentage of Balady mandarin 

trees during 2017 and 2018 seasons.  

T1 = Control (foliar spray with tap water), T2= Kaolin foliar spray at 2%, T3 = Kaolin foliar spray at 3%, T4= 
Kaolin foliar spray at 4%, T5= Glycine betaine foliar spray at 15 mM, T6 = Glycine betaine foliar spray at 2 5 
mM.and T7= Glycine betaine foliar spray at 50 mM. 

Generally, these results were similar to those obtained by Colavita et al. (2011) on pear, AbdAlla et 
al. (2013) on mango Abo-Ogiala (2018) on pomegranate and Ennab et al. (2017) on mandarin they 
found that spraying Balady mandarin fruits with kaolin decreased sunburn percentages from 20.69% 
to 6.2%. Moreover, Melgarejo et al. (2004) found that spraying pomegranate fruits with kaolin 
decreased sunburn percentage from 21.9% to 9.4%. Also, kaolin particles film was successful in 



Middle East J. Agric. Res., 8(3): 889-897, 2019 
ISSN: 2077-4605 

893 

reduction sunburn in Ruby Red grape clusters and leaves (Jifon and Syvestron, 2003) and Anna apple 
(Aly et al., 2010). Also, These results are in harmony with those obtained by Chabbal et al. (2014) 
and Hegazi et al. (2014) they found that, kaolin applied at 4 and 5% reduced sunburn % on Satsuma 
mandarin and pomegranate trees. Colavita et al. (2011) they reported that, foliar application of kaolin 
was effective in reducing fruit surface temperature and prevent sunburn in apple and pear fruits. The 
positive effects of GB foliar application on fruit quality under variable conditions are in agreements 
with many previous studies (Houliston et al., 2007 and Abo-Ogiala et al., 2018). Also, Liu and Huang 
(2000) proposed that elevated carbohydrate accessibility (e.g., glucose and sucrose) during elevated 
temperature stress is a significant physiological feature connected with heat stress tolerance. 
Furthermore, the accumulation of amino acids and soluble sugars is essential to control osmotic 
activity and safeguard cellular structures from enhanced temperatures by keeping the cell water 
balance, membrane stability (Farooq et al., 2008). 

 

Yield and its components: 
All the treatments under study significantly increased fruit weight (g), fruit number/tree and 

yield (kg) as compared to control in both seasons as showed in Table (1).The highest fruit number per 
tree (540.1, 406.1) were obtained with glycine betaine applications at low concentration (T6) in the 
first season. But in the second one, it was observed with high concentration (T7). The highest values 
of fruit weight (130.1, 145.1g) and yield /tree (69.09, 57.18 kg) were obtained with kaolin T4 
application. However, untreated trees (control) and that sprayed by kaolin at 2% (T1 and T2) gave the 
lowest number and weight of fruits per tree as compared to other treatments in both seasons. The 
positive effect of GB foliar application on fruit yield could be understood according to Mohammed 
and Tarpley (2009) who cleared that high temperatures can decrease crop yields by decreasing crop 
growth duration, suppressing floral bud development and decreasing pollen production and viability, 
whoever, application of GB might elevates this stress. In addition, the suppression of floral buds and 
flowering at elevated temperatures was also ascribed to a shortage of photosynthetic assimilates 
supplied to the floral buds and / or inability of floral buds to mobilize carbohydrates under heat stress. 
While foliar application with GB increased photosynthates production and decreased photosynthates 
consumption and membrane injury, thereby increasing crop productivity under high temperature 
stress. The decrease in crop yields due to high temperature was due to increased respiration and 
decreased photosynthesis and stability of the membrane. Liu and Huang (2000) proposed that elevated 
carbohydrate accessibility (glucose and sucrose) during elevated temperature stress is a significant 
physiological feature associated with thermal stress tolerance. However, the accumulation of amino 
acids and soluble sugars is essential to control osmotic activity and safeguard cellular structures from 
enhanced temperatures by keeping cell whole. However, it is essential to accumulate amino acids and 
soluble sugars to control osmotic operations and safeguard cellular structures from enhanced 
temperatures by preserving cell water balance, membrane stability (Farooq et al., 2008). 

Table 1: Effect of foliar applications of kaolin and glycine betaine on yield and fruit weight of balady 
mandarin trees during 2017 and 2018 seasons 

 
Treatments 

Yield/tree 
Fruit weight (g) 

Fruit number/tree Kg/tree 
2017 2018 2017 2018 2017 2018 

T1(control) 451.10 g 360.10 g 54.17 g 45.77 g 120.1 d 127.1 f 
T2 501.43 f 401.06 c 61.72 f 51.77 f 123.1 c 129.1 e 
T3 533.10 b 390.10 f 65.62 c 55.82 d 123.1  c 143.1 b 
T4 531.10 c 394.10 e 69.09 a 57.18 a 130.1 a 145.1 a 
T5 513.10  d 402.13 b 63.16 d 52.31 e 123.1 c 130.1 d 
T6 540.10 a 400.10 d 68.64 b 56.05 c 127.1 b 140.1 c 
T7 512.10 e 406.10 a 63.04 e 56.89 b 123.1  c 140.1 c 

In a column, means followed by the same letter are not significantly different by Duncan’s multiple range tests, 
at P ≤ 0.05. 

T1 = Control (foliar spray with tap water), T2= Kaolin foliar spray at 2%, T3 = Kaolin foliar spray at 3%, T4= 
Kaol i n foliar spray at 4%, T5= Glycine betaine foliar spray at 15 mM., T6 = Glycine betaine foliar spray at 2 5 
mM. and  T7= Glycine betaine foliar spray at 50 mM. 
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These results are in harmony with those of several researchers (Schupp et al., 2002, Aly et al., 
2010, Hegazi et al., 2014, Ennab et al., 2017 and Zaghloul et al., 2017) they concluded that, yield as 
number of fruits per tree, fruit weight and total yield (kg/tree) of Balady mandarin trees was 
significantly increased as a results of kaolin foliar applications comparing with control. The highest 
yield (kg/tree) was observed with kaolin foliar application at 4 and 3%. 
 
Fruit physical quality characters: 

Results in Table (2) show significant differences among treatments in both seasons as for 
physical fruit quality i.e. fruit size, diameter, peel thickness and juice weight %. Application of 
glycine betaine at 25Mm caused the highest increase in fruit height (cm) and fruit size (cm) as 
compared with other treatments in first season. Moreover, foliar spray of kaolin at T4 gave the highest 
significant values of fruit diameter and peel thickness followed by kaolin at 3% and 2% (T6 and T5) 
treatments as compared with control in both seasons. Such increase in fruits weight and volume may 
be due to increase of photosynthesis rate, stomatal gas exchange of leaves, CO2 assimilation rates and 
water use efficiency (Jifon and syvestern, 2003).  

Table 2: Effect of foliar applications of kaolin and glycine betaine on fruit physical quality characters 
of balady mandarin trees during 2017 and 2018 seasons. 

 
Treatments 

Fruit size 
(Cm3) 

Fruit height 
(cm) 

Fruit 
diameter 

(cm) 

Peel 
thickness 

(cm) 

Juice 
weight % 

Sunburn 
fruits 

% 
2017 Season 

T1(control) 131.3 e 3.0 b 6.2 d 0.27 c 33.38 d 19.1 a 
T2 131.5 d 5.3 a 6.2 d 0.31 b 32.65 f 11.4 c 
T3 131.6 c  5.2 ab 6.4 c 0.35 a 35.82 a 8.5 e 
T4 131.5 d 5.2 ab 6.8 a 0.35 a 30.82 g 7.1 f 
T5 135.3 b 5.2 ab 6.4 c 0.31 b 34.22 c 11.1 c 
T6 135.5 a 5.2 ab 6.6 b 0.31 b 32.80 c 13.1 b 
T7 135.3 b 5.2 ab 6.2 d 0.31 b 34.36 a 6.1 g 

2018 Season 
T1(control) 131.3 f 5.1 b 6.1 d 0.26 d 32.33 b 17.1 a 

T2 135.3 e 5.1 b 6.3 c 0.31 c 31.91 d 10.4 c 
T3 135.5 d 5.2 ab 6.2 cd 0.33 b 32.21 c 7.4 e 
T4 135.3 e 5.3 ab 7.1 a 0.37 a 28.32 g 6.1 f 
T5 140.8 c 5.3 ab 6.6 b 0.31 c 33.13 a 10.1 d 
T6 141.1 b 5.4 a 6.7 b 0.31 c 29.83 f 11.1 b 
T7 142.1 a 5.3 ab 6.2 cd 0.31 c 30.76 e 5.8 g 

In a column under each season, means followed by the same letter are not significantly different byDuncan’s 
multiple range tests, at P ≤ 0.05. 

T1 = Control (foliar spray with tap water), T2= Kaolin foliar spray at 2%, T3 = Kaolin foliar spray at 3%, T4= 
Kaolin foliar spray at 4%, T5= Glycine betaine foliar spray at 15 mM., T6 = Glycine betaine foliar spray at 2 5 
mM.and T7= Glycine betaine foliar spray at 50 mM. 

 
Moreover, exogenously applied glycine betaine has been shown to penetrate into plant leaves 

soon after application and is readily translocated to roots, meristems and expanding leaves (Makela et 
al., 1996). After application, glycine betaine stays unmetabolized in the tissue of the plant for several 
weeks Thus, the development and expansion of plant organs is mainly shielded from stress. Once 
glycine betaine is translocated to plant organs, it acts as an osmoprotectant in the cells. These results 
are in accordance with those obtained by Palitha et al. (2010), Abd-Allah et al. (2013), Hegazi et al. 
(2014) Ennab et al. (2017) and Zaky et al. (2018). 
 
Fruit chemical quality characters: 

Data of table (3) clear that, a slight enhancement were occurred as a result of all treatments as 
compared to control where, fruits juice SSC% of Balady mandarin received T4 in the first season and 
that foliar sprayed with T2, T3 and T4 treatments showed the highest values as compared with control 
trees which gave the lowest percent. In the contrary, the trees that foliar sprayed by T5, T6 and T7 
showed the lowest values of juice acidity percent as compared with the others in both study seasons. 
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Moreover, control trees recorded the lowest values of SSC/ acid ratio as compared with other 
treatments. Vitamin C content of fruits cleared an enhancement effect as a result of all treatments 
comparing to control, but it has no clear trend among treatments during both seasons. These findings 
are in line with those of Tsai et al. (2013), Gindaba and Wand (2007),Chabbal et al. (2014), Houliston 
et a.l (2007), Ennab et al. (2017) and Zaky et al. (2018). 

Table 3: Effect of foliar applications of kaolin and glycine betaine on fruit chemical quality 
characters of Balady mandarin trees during 2017 and 2018 seasons. 

Treatments 
SSC 
(%) 

Acidity 
(%) 

SSC/Acidity 
ratio 

Vitamin c 
(mg/100ml.juice) 

2017 2018 2017 2018 2017 2018 2017 2018 
T1(control) 11.1d 11.2 d 1.04 b 1.11 ab 10.67 c 10.09 c 36.1 c 39.1 d 

T2 12.4 b 12.5 a 1.12 a 1.11 ab 11.07 b 11.26 a 45.4 a 45.2 b 
T3 12.3 bc 12.6 a 1.11 a 1.12 a 11.08 b 11.25 a 45.1 b 46.2 b 
T4 12.6 a 12.6 a 1.12 a 1.1 b 11.25 b 11.20 a 45.16 b 47.1 a 
T5 12.1 c 12.1 b 1.01 c 1.08 c 11.98 a 11.20 a 45.4 a 45.1 c 
T6 12.5 c 11.5 c 1.01 c 1.08 c 11.98 a 10.06 b 45.4 a 45.1 c 
T7 12.1 c 12.1 b 1.01 c 1.08 c 13.07 a 11.20 a 45.4 a 39.1 d 

In a column, means followed by the same letter are not significantly different by Duncan’s multiple range tests, 
at P ≤ 0.05. 

T1 = Control (foliar spray with tap water), T2= Kaolin foliar spray at 2%, T3 = Kaolin foliar spray at 3%, T4= 
Kaolin foliar spray at 4%, T5= Glycine betaine foliar spray at 15 mM., T6 = Glycine betaine foliar spray at 2 5 
mM.and T7= Glycine betaine foliar spray at 50 mM. 

 

Conclusion 
According to our results, it could be concluded that, foliar application of kaolin at 4% or 

Glycine betaine at 50mM treatment during May, June and July could be used as an effective technique 
for reducing negative effects of sunburn, enhancing total yield and fruit quality of Balady mandarin 
trees grown under the study conditions.  
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