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ABSTRACT 
 

Keitt Mango trees were sprayed with three materials kaolin, magnesium carbonate and calamine at three 
concentrations 3, 4 and 5% for each to prevent the injury of sunburn on fruits which causes economic losses. All 
Treatments were applied once during the summer of two seasons in this investigation and they were compared 
with the control (spraying water only) to study their effects on sunburned drop fruits percentage as well as yield 
and fruit quality. Results show that spraying kaolin or magnesium carbonate at 5% had a positive effect on 
reducing sunburned skin area and fruit drop percentage. This effect was clear detected with kaolin followed by 
magnesium carbonate under this experiment conditions.   
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Introduction 
 

Mango is one of the most important fruit in worldwide due to its favorite fruit. In 2011, the harvested area 
in Egypt reached approximately 71009 ha, while the production was about 598084 tons (FAOSTAT). Keitt is a 
new mango cultivar that has introduced recently in Egypt from Florida, USA. It's characterized as a late-season 
ripening (harvest time from Sep. to Oct. in Egypt) and it has a large fruit size (Olando et al. 2005). Due to it is a 
late-season ripening cultivar, it exposes to high solar radiation during the summer with excessive light and heat 
load which cause often sunburn in leaves and fruit. Sunburn (solar injury) causes important economic losses in a 
large number of fruits which caused by the interaction of high temperature and light in various crops (Schrder et 
al., 2003). 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 (Kerr and McElroy, 1993) that  when combined with global 
warming, indicate a possibility of increasing incidence of sunburn in the future. 

In the other side, plants use several protective mechanisms to avoid sunburn such as:  
(1) Dissipation of excess energy through the xanthophyll cycle (Demmig-Adams et al., 1995, Müller et al., 

2001, Ma and Cheng, 2003). 
(2) Induction of antioxidants (e.g., various phenolics, flavonols and proteins) to minimize oxidative damage 

(Ma and Cheng, 2003, Merzlyak and Solovchenecko, 2002, Solovchenko and Schmitz-Eiberger, 2003). 
(3) UV-attenuation by UV-absorbing/reflecting pigments (Merzlyak and Solovchenecko, 2002). 
(4) Production of heat shock proteins (Burke and Orzech, 1988 and Ritenour et al., 2001).  
The high incidence of sunburn in fruits points to an inadequacy of theses mechanisms to prevent the 

damage.  
Fruits are more susceptible to sunburn compared with the leaves, mainly because they are not endowed 

with efficient mechanisms of using and/or dissipating solar radiation (Jones, 1981 & Blanke and Lenz, 1989). 
As a result, fruit surface temperature may rise 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. Fruit growers have been looking for the 
ways to avoid sunburn. Among the several culture practices developed to control sunburn in various crops, we 
suggest in this investigation three materials: kaolin, magnesium carbonate and calamine which are reflective the 
radiation, especially UV wavelengths reaching the surfaces of leaves and fruits, thereby lowering leaf and fruit 
surface temperatures. The aim of this study is to investigate their effect on reducing or prevent the sunburn 
injury of Keitt mango fruits during the summer. 

 
Materials And Methods 

 
The trial was conducted during the 2010 and 2011 seasons in a private orchard located at Cairo-Alexandria 
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Desert Road. Eight-year-old Keitt mango trees, uniform in vigour and size were selected for this study. All 
treatment trees received the standard orchard management and the experiment was designed in a complete 
randomized block with three replications. Three trees were included per plot and treatments were applied as 
follows:-  

T1= Control (spraying with water only).  
T2= Kaolin (aluminum silicate) at 3%. 
T3= Kaolin at 4%. 
T4= Kaolin at 5%. 
T5= Magnesium carbonate (Mg CO3) at 3%. 
T6= Magnesium carbonate at 4%. 
T7= Magnesium carbonate at 5%. 
T8= Calamine [mixture of zinc oxide (Zn O) with 0.5% ferric oxide (Fe2 O3)] at 3%. 
T9= Calamine at 4%. 
T10= Calamine at 5%. 
All trees were sprayed once on 20th June in each season of this study until the run off point with Triton B at 

0.1 % as a wetting agent and the following parameters were measured for both seasons: 
1) Sunburned drop fruits percentage was calculated by the following equations: 
1a) Sunburned dropped fruits (%) comparing with total fruit drop = No. of sunburned dropped fruits ÷ (No. 

fruit set – No. fruit retention) x 100.  
1b) Sunburned dropped fruits (%) comparing with yield = weight of sunburned dropped fruits (kg) ÷ 

weight of fruit retention (kg) x 100. 
2) Sunburned area in fruit skin (cm2): sunburned peel is separated from the fruit skin and measured by LI-

COR area meters (Model LI-3000C, USA). 
3) Fruit yield was harvested on 1st October in each season and weighted as Kg/tree.  
4) Fruit quality: a sample of 10 fruits of each tree was taken at the harvest time to determine the physical 

and chemical properties i.e., fruit weight (g), fruit firmness (lb/Inch), the total soluble solids percentage (T.S.S. 
%) using a hand refractometer , the acidity % as citric acid content using fresh juice with titration against 0.1 Na 
OH, finally  pulp content of vitamin C according to A.O.A.C (1990) were determined. 

  
Results And Discussion 

 
Drop percentage: 

 
It's clear from Table (1) that the percentage of both sunburned and healthy (sound) dropped fruits (total 

fruit drop %) was the highest with untreated trees. This was true in both studied seasons. On the other hand, all 
the spraying materials had a positive effect in reducing the dropped fruit percentage than the control. In this 
respect, the dropped percentage was reduced by increasing the spraying concentration. This was true with all 
spraying materials in both seasons of the study.     

However, the highest concentration of both magnesium carbonate followed by kaolin recorded the lower 
dropping percentage in the first season, while in the second one, kaolin at the highest concentration followed by 
calamine at the same concentration gave the lower dropping %, respectively.  

From data in Table (1) when estimating the sunburned dropped fruits comparing with the healthy (sound) 
one, it is observed that the untreated trees recorded the highest percentage of dropped fruits reached (72.20%) in 
the first season and (69.83%) in the second one. On the other hand, the percentage of sunburned fruits was 
reduced when the trees sprayed by all materials. In this concern, the dropped fruits percentage was gradually 
decreased by increasing the spraying concentration from 3 to 5%. This was true with the three sprayed materials 
in the both studied seasons. However, kaolin at 5% recorded the least drop percentage (0.00 and 6.66 %) in the 
first and second seasons, respectively.  

From the previous results, it is clear that all spraying materials had a positive effect on reduced the dropped 
fruits either as sunburned one or both sunburned and healthy (sound) ones, also it is clear that increasing 
spraying concentration of any using material resulted in reducing the dropping percentage.  

As for the sunburned dropped fruits, comparing with the yield, it is clear from the results in Table (1) that 
all sprayed materials were significantly affected the sunburned dropped fruits. In this respect, increasing the 
usage concentration was corresponding with decreasing the drop fruits in both studied seasons. However, 5% 
concentration of kaolin, magnesium carbonate and calamine recorded the lowest fruit drop in both studied 
seasons. In this concern, kaolin at 5% was the most effective treatment in reducing fruit drop. This was true in 
both studied seasons. 

Regarding the sunburned area in the fruit skin, data in Table (1) showed that all treatments had a significant 
effect on reducing the area comparing with untreated trees. In this concern, the high concentration, the low 
sunburned area on the skin of fruits. This was true with the three sprayed materials in the two studied seasons. 
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In another word, 5% concentration of all sprayed materials significantly reduced the sunburned area in the skin 
and gave lower area in the first and second seasons, especially when sprayed kaolin which gave (0.00 and 0.33 
cm3) area in the first and second seasons, respectively. 

  
Yield: 

 
Data in Table (2) show that yield per tree was affected by the spraying materials. In this respect, no clear 

trend was observed concerning the spraying concentration on the tree yield. However, Kaolin at 5% 
concentration recorded the highest yield per tree in both studied seasons, since it reached (16.96 and 18.93 kg 
/tree) in the first and second seasons, respectively.   

 
Fruit weight:  
 

As for fruit weight, data in Table (2) show generally that there was no constant trend in the first and second 
seasons. Fruit weight was significantly affected in the first season by different treatments while there was no 
effect in the second one. However, in the first season, magnesium carbonate at 3% gave highest significant 
value followed in decreasing order by kaolin at 3% and 5% compared with the control. 

In the second season, although the spraying materials did not significantly affect the fruit weight, kaolin at 
4 and 5% also magnesium carbonate and calamine at 5% tended to increase fruit weight and recorded high 
values comparing with the control.  

 
Fruit firmness: 

 
Concerning fruit firmness, results in Table (2) indicated that all sprayed materials were significantly 

increased fruit firmness in both studied seasons. However, kaolin, magnesium carbonate and calamine at 5% 
concentration gave higher values for this parameter in both studied seasons compared with the control.  

In general, it is clear that increasing spraying concentration for all materials had a positive effect on 
increasing fruit firmness. 

From the above results, a relation could be noticed between the fruit firmness and reducing sunburned area 
in the skin consequently, the dropped fruit percentage. This means that increasing spraying concentration had a 
positive effect on fruit firmness consequently reducing the sunburned area and fruit drop percentage.  

 
Fruit chemical properties: 

 
Total soluble solids (T.S.S): 

 
Regarding TSS in fruit juice, data in Table (3) showed that the sprayed materials had significant effect on 

TSS in the first season only. In this respect, calamine at both 4 and 5% followed by the control and kaolin at 3% 
recorded higher TSS percentages in the first season. While, in the second one, although there was no effect for 
sprayed materials on TSS but the control, kaolin at 3 and 4% tended to increase this percentage than the other 
treatments.  

 
Acidity: 

 
Concerning the acidity percentage, it was not affected by different spraying materials in both studied 

seasons. Also, no constant trend for different concentrations in the studied seasons was observed.  
 

Ascorbic acid (V.C): 
 
Data in Table (3) showed that V.C percentage was significantly affected in both studied seasons. However, 

it is clear that untreated trees (control) recorded the higher value for V.C at both seasons. On another word, the 
control treatment gave the highest value of V.C (40.83%) followed by calamine at 4% (40.33%) in the first 
season without significance. Also, in the second season, the control recorded the highest value while kaolin at 
3% recorded the lowest one. In this respect, all the other concentrations of the three sprayed materials did not 
significantly differ than the control in the second season. 

From the above mentioned results, it could be concluded that spraying kaolin or magnesium carbonate or 
calamine at different concentrations had a positive effect on reducing the fruit drop percentage especially that 
sunburned ones, also the sunburned skin area was gradually reduced by increasing the concentration from 3-5 % 
of the three spraying materials. On another hand, there was a relation between the spraying concentration and 
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the fruit firmness, since increasing spraying concentration was corresponding with increasing the fruit firmness 
which could be affected the sunburned skin area and consequently the fruit drop percentage.  

However, from the previous results, it could be concluded that spraying kaolin or magnesium carbonate or 
calamine had a positive effect on reducing sunburned skin area and fruit drop percentage.  Increasing spraying 
materials concentration to 5% was the superior to reduce the sunburned skin area and sunburned fruit drop 
percentage. This effect was clear detected with kaolin followed by magnesium carbonate at the same 
concentration under this experiment conditions.  

 
Table 1: Effect of kaolin, magnesium carbonate and calamine on total fruit drop and sunburned dropped fruits comparing with total fruit 

drop, sunburned dropped fruits comparing with yield and sunburned area in fruit skin of Kiett mango during two seasons. 

 
Treatments 
 

Total fruit drop 
 (%) 

Sunburned dropped 
fruits comparing with 
total fruit drop (%) 

Sunburned dropped 
fruits comparing with 
yield (%)

Sunburned area in fruit 
skin (cm2) 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
Season 

First 
Season 

Second 
season 

T1= Control 14.39 a 16.96 a 72.2 a 69.83 a 10.26 a 11.83 a 2.33 a 2.66 a
T2= Kaolin     (3%) 13.83 ab 13.76 bc 41.33 b 37.76 b 5.26 b  5.20 b 1.00 bc 1.33 bc
T3= Kaolin     (4%) 10.63 cd 13.16 bc 13.86 ef 33.33 b 2.03 ed  4.43 b 0.66 cd 1.00 cd
T4= Kaolin     (5%)  7.86 ef 11.13 c 0.00 g 6.66 c 0.00 f  0.93 c 0.00 d 0.33 d
T5= Mg CO3  (3%) 11.83 bc 14.46 abc 32.76 bc 33.30 b 5.40 b  5.03 b 1.33 bc 1.66 bc
T6= Mg CO3  (4%) 10.16 cde 14.36 abc 22.20 de 25.56 b  3.30 cd   3.50 b 1.00 bc 1.33 bc 
T7= Mg CO3  (5%)  7.23 a 12.93 bc 6.66 fg 8.33 c 0.93 ef  1.03 c 0.66 dc 0.33 d
T5= Calamine (3%) 11.26 cd 15.73 ba 30.52 cd 33.30 b  4.16 bc   5.73 b 1.66 ab 2.00 ab 
T6= Calamine (4%) 10.16 cde 13.43 abc 17.33 e 37.67 b 3.03 cd  4.46 b 1.33 bc  1.66 bc
T7= Calamine (5%)  9.26 def 12.03 c 5.53 fg 8.33 c 1.10 ef  0.86 c 0.66 cd 0.33 d

Means within a column followed by different letter (s) are statistically different at 5 % level. 
 
Table 2: Effect of kaolin, magnesium carbonate and calamine on total yield per tree, fruit weight and fruit firmness of Kiett mango during   
             two seasons.  

 
Treatments 
 

Total yield per tree  
(kg) 

Fruit weight 
(gm)

Fruit firmness  
lb/Inch 

First season Second season First season Second 
season

First 
season 

Second 
season 

T1= Control 15.07 bc 18.85* 468 bcd 478* 6.66 c 6.83 d 
T2= Kaolin     (3%) 15.98 ab 18.46 505 ab 477 7.17 bc 7.20 cd 
T3= Kaolin     (4%) 13.59 c 18.02 431 d 487 8.13 a 7.56 bcd
T4= Kaolin     (5%) 16.96 a 18.93 502 ab 480 8.56 a 8.43 a 
T5= Mg CO3  (3%) 16.14 ab 18.43 515 a 465 6.86 c 7.90 bc 
T6= Mg CO3  (4%) 14.64 bc 17.17 493 abc 460 7.55 b 8.16 ab 
T7= Mg CO3  (5%) 15.07 bc 16.47 470 bcd 485 8.43 a 8.40 a 
T5= Calamine (3%) 15.41 abc 16.62 471 bcd 467 6.83 c 7.36 bcd
T6= Calamine (4%) 15.50 ab 17.79 475 abc 471 7.16 bc 7.36 bcd 
T7= Calamine (5%) 14.50 bc 17.50 455 cd 481 8.30 a 840 a 

(*) NS= non-significant.  
Means within a column followed by different letter (s) are statistically different at 5 % level. 

 
Table 3: Effect of kaolin, magnesium carbonate and calamine on total soluble solids (T.S.S), acidity and V.C of Kiett mango during two   
              seasons.   

 
Treatments 
 

T.S.S  
(%) 

Acidity 
(%) 

V.C 
(mg/100g FW) 

First season Second season First season Second 
season

First 
season 

Second 
season 

T1= Control 10.50 abc 11.23* 0.74* 0.80* 40.83 a 42.50 a 
T2= Kaolin     (3%) 10.46 abc 10.86 0.84 0.78 39.83 b 39.40 b 
T3= Kaolin     (4%) 10.06 cd 11.03 0.73 0.67 40.00 b 41.66 ab 
T4= Kaolin     (5%)  9.86 d 10.23 0.73 0.81 39.00 cd 40.66 ab 
T5= Mg CO3  (3%)  9.86 d 10.50 0.77 0.80 39.66 bc 40.00 ab
T6= Mg CO3  (4%)  9.93 d 10.60 0.80 0.77 40.00 b 40.66 ab
T7= Mg CO3  (5%)  9.80 d 10.10 0.78 0.80 38.50 d 39.83 ab
T5= Calamine (3%) 10.40 bc 10.03 0. 85 0.78 39.83 b 40.83 ab
T6= Calamine (4%) 10.86 a 10.36 0.76 0.76 40.33 ab 40.96 ab
T7= Calamine (5%) 10.73 ab 10.36 0.80 0.84 38.66 d 39.66 ab

(*) NS= non-significant.              
Means within a column followed by different letter (s) are statistically different at 5 % level. 
 

These results are in agreement with those obtained by Glenn et al., (2002) who found that kaolin at 6 % 
(Surround WP Crop Protectant, Englhard Crop. Iselin, N.J., USA) affects sunburn in 'Royal Gala' and 'Braeburn' 
apple grown in WV, USA and it reduced sunburned fruit percentage than the untreated trees. Moreover, the 
same result was confirmed by Schupp et al., (2002) who found that kaolin at 3 % (Surround WP) reduced 
sunburned fruit percentage of ‘Fuji’ and ‘Honeycrisp’ apples grown in Milton, NY, USA. Furthermore, Gindaba 
et al., 2005 reported that kaolin at 3% (Surround WP) reduced also sunburn affects on 'Cripps Pink' and 'Royal 
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Gala' apple in Stellenbosch, South Africa and it improved fruit weight, however it had no effect on fruit 
firmness and TSS.  In Egypt, Abd El-Kader et al., (2006) clear that spraying both kaolin and Mg CO3 at 5% as 
anti-transpiration treatments with 40% soil moisture increased yield of Williams banana plants.     
 
Conclosion: 

 
From the obtained results, it could be concluded that spraying kaolin or magnesium carbonate at 5% had a 

positive effect on reducing sunburned skin area and fruit drop %. This effect was clear detected with kaolin 
followed by magnesium carbonate under this experiment conditions.   
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