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ABSTRACT: Sunburn is a major problem caused by high temperature and direct solar 

radiation, which leads to significant economic losses in Balady mandarin yield. So, a field 

experiment was conducted during 2014 and 2015 seasons at a private orchard situated in 

Motobus, Kafr El-Sheikh governorate, Egypt, to study the effect of foliar spray of 0, 2, 3 and 4% 

kaolin, twice or three times at May, June and July on sunburn percentage and fruit quality of 

Balady mandarin trees. The obtained results showed that, kaolin foliar applications were 

effective to control fruit sunburn as well as reducing severity percentage  of sunburned fruits as 

compared to untreated trees. Moreover, Kaolin foliar application at three times was decreased 

leaf and fruit surface temperature especially at the concentrations of 3 and 4%. In addition, 

kaolin treatments increased yield and improved fruit quality in terms of fruit size, diameter, 

weight, peel thickness and  vitamin C.  Kaolin foliar spray was raising fruit values of SSC%, 

acidity and SSC/acid ratio compared to control trees, whereas there is no significant variation 

among kaolin concentrations on this variables. Therefore, it could be recommended that, 

spraying kaolin at 3 or 4% three times in summer months, because it had a positive effect on 

preventing fruit sunburn damage and improvement yield and fruit quality of Balady mandarin 

trees. 
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INTRODUCTION 
Balady mandarin (Citrus reticulata, 

Blanco) occupies an important cultivar 

among the citrus grown in Egypt; due to it 

has good productive potential, easy peel 

and acceptable juice quality. In summer 

months, fruits of Balady mandarin exposed 

to heat stress caused by high temperature, 

together with direct solar radiation which 

causes sunburn in leaves and fruits. 

Sunburn (solar injury) causes important 

economic losses in a large number of fruit 

species such as apple, mango, grapevine, 

pomegranate and olive, as well as income 

loss to farmers (Schrader et al., 2003).  In 

addition, with the continued depletion of the 

stratospheric ozone layer, the levels of UV-B 

radiation (280 to 320 nm) reaching the 

earth's surface are increasing, together with 

global warming, indicate a probability of 

increasing incidence of sunburn in the future 

(Kerr and McElroy, 1993). Fruits are more 

prone to sunburn compared with the leaves, 

mainly because they are not capable with 

efficient mechanisms of using and/or 

dissipating solar radiation (Blanke and Lenz, 

1989). As a result, fruit surface temperature 

may increase as high as 10 to 15 °C higher 

than air temperature (Parchomchuk and 

Meheriuk, 1996). Therefore, the inadequacy 

of resistance mechanisms and the high 

susceptibility of fruit to sunburn would 

suggest the need for external intervention to 

suppress sunburn in fruit, and growers 

looking for the ways to escape from 

sunburn. Among the numerous culture 

practices developed to control sunburn in 

various crops using kaolin, particle film 

applications by spraying canopies with a 

suspension of different types of clay along 

with kaolin leaving a film on the leaves and 

fruits, which reflect sunlight this led to lower 

the temperature of leaf surface and fruits 

thereby reducing sunburn and improving fruit 
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quality (Glenn and Puterka, 2005; Glenn, 

2009 and Weerakkody et al., 2010). Kaolin 

(a clay) is a natural mineral which main 

constituent is kaolinite (Al2Si2O5 (OH)4). 

Kaolin clay treatments have been 

successfully applied in different fruit species 

to minimized fruit sunburn and improve yield 

and fruit quality (Kerns and Wright, 2000; 

Colavita et al., 2011 and Alvarez et al., 

2015). 

So, the aim of this study is to investigate 

the effect of kaolin application in different 

concentrations and times on reducing 

sunburn and improving fruit quality of Balady 

mandarin trees. 

 

MATERIALS AND METHODS 
The present study was carried out during 

2014 and 2015 seasons on 17 years old 

Balady mandarin trees (Citrus reticulata, 

Blanco) budded on sour orange (Citrus 

aurantium L.) rootstock, planted at 5x5 

meter apart in a private orchard situated at 

Motobus, Kafr El-Sheikh governorate, Egypt. 

The trees received the same cultural 

practices usually done in this area. The soil 

texture was clay (57.67% clay, 34.10% silt 

and 8.23% sand), 1.41% organic mater, 

1.75 dSm
-1

 an electrical conductivity and a 

pH of 8.21. The latitude and longitude of the 

experiment field are 31
o
27N and 31

o
32E. 

The metrological data of the studied period 

were presented in Fig (1). Forty two trees 

were selected as uniform as possible in size 

and load, and arranged in a randomized 

complete block design, each treatment 

replicated three times with two trees for each 

replicate. The experiment included 7 

treatments as follow: 

T1  Control (spray with tap water only) 

T2  Spraying Kaolin at 2% twice (15 May and 

15 June) 

T3  Spraying Kaolin at 2% three times (15 

May, 15 June and 15 July) 

T4  Spraying Kaolin at 3% twice (15 May and 

15 June) 

T5  Spraying Kaolin at 3% three times (15 

May, 15 June and 15 July) 

T6  Spraying Kaolin at 4% twice (15 May and 

15 June) 

T7  Spraying Kaolin at 4% three times (15 

May, 15 June and 15 July) 
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Fig. (1): Mean of maximum and minimum temperature data for Kafr El-Sheikh area during 

2014 and 2015 seasons (source, meteorological station at Sakha 3107N latitude, 

3057E longitude and with an elevation of about 6 meters above sea level, MSL). 
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The following data was recorded:  
1. Leaf and fruit surface 

temperature:  
Leaf and fruit surface temperature were 

measured on thirty fruit and leaves/tree on a 

hot months May, June and July on the 

sunny side of treated and control trees using 

an infra-red thermometer. 

 

2. Fruit sunburn percentage:  
Sunburned fruits were counted and 

sunburn percentage was calculated by using 

the follow equation:   

 

 
 

3. Severity % of sunburned fruits: 
At harvest time (the first week of 

December), all sunburned fruit per tree were 

divided according to sun injuries to three 

categories, light (light bleaching), medium 

(fruit with tissue damage without necrosis) 

and high (dark necrotic areas accompanied 

by cell death) as showed in Fig. (2). 
 

4. Yield: 
At harvest time, average yield of fruits as 

kg per tree and fruit number/tree were 

calculated. 

 
5. Fruit quality: 

To determine fruit quality, 20 healthy 

fruits were taken at random from each tree 

at harvest time of both seasons and 

prepared for determination of physical and 

chemical fruit  quality assessment according 

to (A.O.A.C., 1990).  Fruit characters were 

fruit weight (g), fruit size (cm
3
), fruit height 

(cm), and diameter (cm), peel thickness 

(cm), fruit juice %., soluble solids content  

(SSC) was determined by handly 

refractometer, total acidity was determined 

as citric acid, ascorbic acid as mg/100 

ml/juice 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 the mean values.  
 

RESULTS AND DISCUSSION 
1. Leaf and fruit surface 

temperature: 
The results in Figures (3 and 4) indicated 

that kaolin foliar application significantly 

decreased leaf and fruit surface temperature 

compared to the control in both seasons. In 

this respect, leaf and fruit temperature were 

decreasing by increasing kaolin 

concentrations from 0 to 4% in both 

seasons. Moreover, fruit surface 

temperature recorded higher values than 

that recorded on leaf in both seasons. This 

result was true when kaolin sprayed twice at 

May and June or three times at May, June 

and July in both seasons. In addition, kaolin 

at 3 and 4% applied twice or three times (T4, 

T5, T6 and T7) recorded the lowest values of  

leaf and fruit surface temperature without 

significant differences among them in both 

seasons. On the other hand, the highest 

temperature recorded in leaf and fruit 

surface obtained from control trees in both 

seasons. These results were agreement with 

those obtained by Gindaba and Wand 

(2007) on apple, Colavita et al., (2011) on 

pear and Chamchaiyaporn et al., (2013) on 

mango.  

Generally, it is clear that increasing 

spraying concentrations with replicated three 

times had a positive effect on lowering 

temperature of leaves and fruits especially at 

the high concentrations of kaolin (3 and 4 %) 

compared to control treatment. The obtained 

reduction in leaf and fruit temperature as a 

result of kaolin application maybe due to an 

increased reflectance in direct solar radiation 

and the UV and visible range of 

wavelengths. Also, kaolin reduced both the 

light intensity and temperature of the leaves 

and fruits, resulting in less sunburn (Glenn, 
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2012). Similar results were reported by Jifon 

and Syvertsen (2003) found that leaf 

temperature of grapefruit trees cv Ruby Red 

treated with 6% kaolin was lower than 

leaves of untreated trees. Melgarejo et al., 

(2004) using kaolin on pomegranate trees 

and found a reduction in leaf and fruit 

temperature as compared to non-treated 

ones.   

  

 
Fig. (2): Fruit sunburn severity adjective as light (1), medium (2) and high (3). 
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Fig. (3): Effect of kaolin application on leaf surface temperature of Balady mandarin trees 

during 2014 and 2015 seasons.  
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Fig. (4): Effect of kaolin application on fruit surface temperature of Balady mandarin trees 

during 2014 and 2015 seasons.  
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2. Fruit sunburn percentage: 
The results in Table (1) and Fig. (5) 

indicated that, kaolin foliar sprays markedly 

led to decreased sunburn percentage in 

fruits of Balady mandarin trees in both 

seasons. This reduction was proportional to 

kaolin concentrations. The differences were 

significant among treatments in both 

seasons. In this respect, control treatment 

(T1) gave the highest values of sunburn 

percentage (20.6 and 17.8%) in both 

seasons, respectively. In contrast, the lowest 

values of sunburn percentage was observed 

in kaolin sprays at 4% three times (T7) with a 

sunburn percentage of 7.3 and 6.2% in both 

seasons. These results were similar to those 

obtained by Yazici and Kaynak (2009) on 

pomegranate, Colavita et al., (2011) on pear 

and Abd Alla et al., (2013) on mango. In this 

respect, Melgarejo et al., (2004) found that 

spraying pomegranate fruits with kaolin 

decreased sunburn percentage from 21.9% 

to 9.4%. 

Generally, sunburn percentage of Balady 

mandarin fruits was significantly decreased 

by using kaolin foliar sprays compared to 

control which sprayed with tap water in both 

seasons. Spraying kaolin at 4% three times 

in summer months showed to be the 

superior one in reducing sunburn 

percentage as compared with control and 

other treatments in both seasons. 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. Such 

reduction in sunburn percentage could be 

attributed to reduced heat stress and 

lowering fruit surface temperature. This 

conclusion came true with our results in Fig 

(4) and those obtained by Glenn et al., 

(2002) and Colavita et al., (2011) they 

reported that, foliar application of kaolin was 

effective in reducing fruit surface 

temperature and prevents sunburn in apple 

and pear fruits. 
 

3. Severity % of sunburned fruits: 
Data presented in Table (1) showed that, 

sunburned fruits per tree was classified 

three categories into light (light bleaching), 

medium (fruit with tissue damage without 

necrosis) and high (dark necrotic areas 

accompanied by cell death). The results 

cleared that, kaolin foliar spray significantly 

reduced sun injuries on sunburned fruits of 

Balady mandarin trees in both seasons. 

Spraying kaolin at 3 and 4%  three times (T5 

and T7) reduced sun injuries in light and high 

categories compared with control and other 

treatments. The highest sun injuries 

recorded on sunburned fruits harvested from 

control treatment (T1) in light and high 

categories in both seasons. Kaolin foliar 

application had no significant effect on 

medium category in both seasons. These 

results were in agreement with those 

obtained by Weerakkody et al., (2010) and 

Vatandoost et al., (2014).  Also, Glenn et al., 

(2002) revealed that, applications of kaolin 

at 45 and 56 kg/ha
-1

 in concentrations of 3 

and 6% every 3 weeks reduced solar injury 

in some apple cultivars in different locations.  

 

Table (1): Effect of foliar application of kaolin on sunburn and severity percentages of 

Balady mandarin trees during 2014 and 2015 seasons.  

Treatments 

Sunburn 
 % 

Severity % of sunburned fruit 

2014 2015 

2014 2015 Light Medium High Light Medium High 

T1 (Cont.) 

T2 

T3 

T4 

T5 

T6 

T7 

20.6a 

13.2b 

12.5b 

13.1b 

9.7c 

9.3c 

7.3d 

17.8a 

10.6b 

10.5b 

9.7bc 

8.7cd 

7.9d 

6.2e 

11.0 d 

43.2 c 

48.5 b 

42.5 c 

50.4 ab 

42.7 c 

51.6 a 

33.2 b 

36.3 ab 

37.4 a 

35.6 ab 

36.9 ab 

35.3 ab 

37.9 a 

55.8 a 

20.5 b 

14.1 c 

21.8 b 

12.7 c 

21.9 b 

10.5 c 

9.2 d 

45.4 c 

47.9 abc 

44.7 c 

49.8 ab 

47.4 bc 

51.1 a 

45.9 a 

40.7 ab 

38.1 b 

40.5 ab 

38.3 b 

38.3 b 

39.3 b 

44.9 a 

14.9 b 

15.6 b 

14.5 b 

11.8 bc 

14.3 b 

9.5 c 

Means followed by different letter are significantly different within columns by Duncan’s multiple range test, 

P ≤ 0.05. 
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Fig. (5): Effect of kaolin application on sunburn percentage of Balady mandarin trees 
during 2014 and 2015 seasons.   

 

4. Yield and its components: 
Data in Table (2) showed that, yield as 

number of fruits per tree and weight (kg/tree) 

of Balady mandarin trees was significantly 

increased by all kaolin treatments comparing 

with control during 2014 and 2015 seasons. 

Also, yield in the first season was higher 

than the second one. In this respect, the 

highest yield was observed with kaolin foliar 

application of 4%  twice or three times (T6 

and T7) and kaolin concentration at 3% three 

times (T5) without significant differences 

among them in both seasons. However, 

trees sprayed with tap water and kaolin at 

2% twice  (T1 and T2) gave the lowest yield 

as number of fruits per tree and weight 

kg/tree compared to other treatments in both 

seasons. These results were in agreement 

with those obtained by  Kerns and Wright 

(2000) and Lombardini et al., (2005). In this 

respect, Abdel Ghani et al., (2013) 

concluded that, kaolin foliar spray at 5% 

significantly increased yield as number of 

fruits per tree or weight (kg) of Aggezi and 

Picual olive compared to foliar spray with 

calcium carbonate (5%) and tap water. 

As for fruit weight, it is clear from data in 

Table (2) that, fruit weight was positively 

affected by kaolin foliar applications 

comparing with the control. Highest fruit 

weight was obtained from trees sprayed with 

kaolin at 4% three times (T7) followed in a 

descending order by 4% twice and 3% three 

times (T6 and T5) as compared with control 

and other treatments in both seasons. 

These results are similar to those obtained 

by Schupp et al., (2002), Aly et al., (2010) 

and Hegazi et al., (2014). 

 

5. Fruit quality: 
About the response of fruit quality of 

Balady mandarin to foliar application of 

kaolin particles in different concentrations 

and times, data in Table (3) show a 

significant differences among treatments in 

both seasons as for physical fruit quality i.e. 

fruit size, diameter, peel thickness and juice 

weight % while the differences were not 

significant as for fruit height in 2014 and 

2015 seasons. Spraying kaolin at 4% three 

times (T7) gave the highest significant values 

of fruit size, diameter and peel thickness 

followed by kaolin at 3% and 2% sprayed 

three times (T6 and T5) compared with the 

control treatment in both seasons. These 

results are in accordance with those 

obtained by Palitha et al., (2010), Abd-Allah 

et al., (2013) and Hegazi et al., (2014).  

Also data in Table (4) cleared that, 

soluble solids content (SSC) and SSC/acid 

ratio were significantly lower in fruits 

harvested from  (T1) control trees than those 
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recorded on all kaolin treatments in both 

seasons. Kaolin treatments gave 

approximately the same values of SSC and 

SSC/acid ratio without significant differences 

among them in both seasons. Similarly, 

acidity was slightly increased by kaolin 

treatments without significant differences 

among them compared to control in both 

seasons. Moreover, spraying kaolin at 

different concentrations tended to 

significantly increased vitamin C comparing 

with the control in both seasons. Generally, 

kaolin treatments enhanced chemical fruit 

quality in terms of SSC, acidity and 

SSC/acid ratio as compared with control 

treatment, whereas there is no significant 

variation among kaolin concentrations on 

chemical fruit quality. Similar results were 

obtained by Gindaba and Wand (2007) and 

Chabbal et al., (2014). 

 

Table (2):  Effect of foliar application of kaolin on yield and fruit weight of Balady  

mandarin trees during 2014 and 2015 seasons.  

Treatments 

Yield/tree 
Fruit weight (g) 

Fruit number kg 

2014 2015 2014 2015 2014 2015 

T1 (Cont.) 

T2 

T3 

T4 

T5 

T6 

T7 

461.5d 

481.8cd 

511.7b 

492.5bc 

5436a 

534.2a 

542.4a 

370.4b 

383.6ab 

410.3a 

371.4b 

401.8a 

411.1a 

406.7a 

57.0e 

59.3de 

64.2c 

61.4d 

68.2b 

68.0b 

71.6a 

47.8d 

49.7cd 

53.7b 

51.1bc 

57.3a 

57.7a 

59.9a 

122.9c 

123.1c 

125.5bc 

124.6c 

125.4bc 

127.3b 

132.1a 

129.0d 

129.5d 

131.0d 

137.5c 

142.6b 

140.5bc 

147.6a 

Means followed by different letter are significantly different within columns by Duncan’s multiple range test, 

P ≤ 0.05. 
 

Table (3): Effect of foliar application of kaolin on physical fruit quality of Balady mandarin 

trees during 2014 and 2015 seasons.    

Treatments 
Fruit 
size 

(cm
3
) 

Fruit 
height 
(cm) 

Fruit 
diameter 

(cm) 

Peel 
thickness 

(cm) 

Juice 
weight  

(%) 
2014 season 

T1 (Cont.) 

T2 

T3 

T4 

T5 

T6 

T7 

135.4 c 

135.5 c 

136.6 bc 

136.6 c 

136.7 bc 

135.9 b 

136.5 a 

5.0 a 

5.0 a 

5.2 a 

5.1 a 

5.2 a 

5.2 a 

5.3 a 

6.3 e 

6.3 e 

6.4 de 

6.6 cd 

6.9 b 

6.8 bc 

7.3 a 

0.29 d 

0.32 cd 

0.33 cd 

0.34 bc 

0.38 ab 

0.34 bc 

0.39 a 

41.9 b 

42.1 b 

42.3 ab 

42.7 ab 

42.8 ab 

42.5 ab 

43.3 a 

2015 season 

T1 (Cont.) 

T2 

T3 

T4 

T5 

T6 

T7 

140.8 d 

141.9 d 

143.2 d 

149.7 c 

155.0 b 

151.5 c 

162.9 a 

5.1 a 

5.2 a 

5.3 a 

5.3 a 

5.4 a 

5.5 a 

5.5 a 

6.2 e 

6.4 de 

6.5 cd 

6.7 c 

7.2 b 

6.7 c 

7.6 a 

0.27 d 

0.31 c 

0.32 bc 

0.33 b 

0.37 a 

0.34 b 

0.38 a 

42.0 b 

42.6 ab 

42.9 a 

42.6 ab 

42.8 a 

42.8 a 

43.2 a 

Means followed by different letter are significantly different within columns by Duncan’s multiple range test, 

P ≤ 0.05. 
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Table (4): Effect of foliar application of kaolin on chemical fruit quality of Balady 

mandarin trees during 2014 and 2015 seasons.  

Treatments 

SSC 

(%) 

Acidity 

(%) 

SSC/acid 

(ratio) 

Vitamin C 

(mg/100 ml. juice) 

2014 2015 2014 2015 2014 2015 2014 2015 

T1 (Cont.) 

T2 

T3 

T4 

T5 

T6 

T7 

11.2 c 

12.4 b 

12.7 ab 

12.7 ab 

12.5 b 

12.5 b 

12.9 a 

11.6 d 

12.4 bc 

12.6 ab 

12.3 bc 

12.7 ab 

12.1 c 

12.9 a 

1.05 c 

1.10 b 

1.12 a 

1.11 ab 

1.12 a 

1.12 a 

1.12 a 

1.10 a 

1.11 a 

1.11 a 

1.10 a 

1.11 a 

1.10 a 

1.12 a 

10.6 c 

11.3 ab 

11.3 ab 

11.3 ab 

11.1 b 

11.1 b 

11.5 a 

10.5 c 

11.1 ab 

11.3 ab 

11.1 ab 

11.4 ab 

11.0 b 

11.5 a 

39.2 c 

43.8 b 

45.5 ab 

43.7 b 

45.6 ab 

44.8 ab 

46.5 a 

40.3 d 

45.8 bc 

46.4 abc 

44.8 c 

46.6 ab 

45.8 bc 

48.1 a 

Means followed by different letter are significantly different within columns by Duncan’s multiple range test, 

P ≤ 0.05. 

 

CONCLUSION 
From the obtained results, it could be 

concluded that spraying kaolin at 3 and 4% 

three times in summer months had a 

positive effect on preventing fruit sunburn 

damage and improvement yield and fruit 

quality of Balady mandarin trees. 
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 صول و جودة ثمار اليوسفي البمدي تأثير إضافة الكاولين عمى لفحة الشمس و المح
 

 حسن أبو الفتوح عناب و سمية احمد السيد و محمد محمد سعد أبو العينين
 مصر -الجيزة -مركز البحوث الزراعية  -معهد بحوث البساتين   -قسم الموالح 

 الممخص العربي
ؤد   لةة  مةةر الةة   يةةالأتفةةاع درجةةاح الحةةرارة و ااسةةعاع السمسةة  المباسةةر  ر ة سةةببها  لفحةةة السةةمس مسةةكمة كبيةةر 

  4102و  4102قتصةةادية كبيةةرة حةة  محصةةوي اليوسةةف  البمةةدي   لةة لح لجريةةح تجربةةة ح ميةةة خةة ي عةةام   خسةةا ر 
  4  1ح  مزرعة خاصة بمركز مطوبس  محاحظة كفةر السةيم مصةر  و  لةح لدراسةة تةش ير رش الكةاولين بتركيةزاح 

٪  مةةةرتين حةةة  مةةةايو و يوثيةةةو لو  ةةة ث مةةةراح حةةة  مةةةايو ويوثيةةةو ويوليةةةو عمةةة  ثسةةةبة ااصةةةابة بمفحةةةة السةةةمس 2و  3
 والمحصوي وجودة ال مار ح  لسجار اليوسف  البمدي  

سجاراليوسةف  البمةدي لد   لة  خفةن الثسةبة الم ويةة ل صةابة لستخدام الكاولين رسا عمة   ولوضحح الثتا ج لن 
غيةةر المعاممةةة  ليضةةا رش الكةةاولين  ةة ث مةةراح لد   لةة  ه ااصةةابة بالم ارثةةة مةةا الأسةةجار  بمفحةةة السةةمس وسةةدة  ةة

بااضةةاحة  لةة   لةةح  لدح معةةام ح ٪  2و  3عثةةد التركيةةز  خفةةن درجةةة حةةرارة سةةطح الأوراا و ال مةةار خصوصةةا
  الةةوزن  سةةمح الكةةاولين الةة  زيةةادة المحصةةوي وزثةةا و عةةددا و كةة لح تحسةةين جةةودة ال مةةار مةةن حيةةث الحجةةم  ال طةةر

م ارثةة مةا   SSC  /acid٪  الحموضةة وثسةبة SSC  كة لح  رش الكةاولين رحةا قةيم ال مةرة مةن Cوحيتةامين  ة سةر ال
 لسجار الكثتروي  ولكن لوحظ عدم وجود حروا معثوية بين تركيزاح الكاولين عم    ه الصفاح 

هر الصيف  لأثه كان له ل ةر  يجةاب  ٪   ث مراح ح  لس2لو  3ل لح  يمكن لن ثوص  برش الكاولين بتركيز 
 السمس وزيادة المحصوي و تحسين وجودة  مار لسجار اليوسف  البمدي  عم  م اومة لفحة السمس وضرر حروا


