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Abstract 

Mandarin (Citrus reticulata Blanco) is a promising fruit crop gaining popularity for its human nutrition 

and economic importance in the world. The qualitative losses during pre- harvest stage hinder the quality 

production. Recently sunburn is major problem caused due to ‘October heat’, high temperature and direct 

solar radiation, which leads to significant economic losses in mandarin yield. So, a field experiment was 

conducted during 2017 and 2018 seasons at AICRP on Fruits (Citrus) Dr. Panjabrao Deshmukh Krishi 

Vidyapeeth, Akola. An experiment was conducted to assess the effect of foliar spray of chemical 

substances 3% and 5% of Kaolin and MgCO3 with combination of urea 1% and GA3 15 ppm with 

respective treatments twice in month of September and October on sunburn percentage and fruit quality 

of mandarin. The obtained results showed that, GA3 15 ppm+ urea 1% and kaolin 5% foliar applications 

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

compared to untreated trees. Moreover, Kaolin foliar application at two times was decreased leaf and 

fruit surface temperature especially at the concentration of 3% and 5%. Therefore, it could be 

recommended that, spraying kaolin at 3% and 5% two times in month of September and October, 

because it had a positive effect on preventing fruit sunburn damage and improvement marketable yield of 

mandarin trees. 
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Introduction 

Nagpur mandarin (Citrus reticulata Blanco) is an important commercial orange cultivar 

mainly grown in Vidharbha region of Maharashtra and adjoining states like Madhya Pradesh 

as well Rajasthan. Nagpur mandarin is also popularly known as Santra. It is only cultivar of 

mandarin grown in Vidharbha for last 200 years in a round of the 1.85 lakh hectares and 

considered as one of the best mandarins of the world, because of its attractive colour, pleasant 

flavor, good taste and wonderful blend of acid sugar. Cultivation of Nagpur mandarin is 

mostly concentrated in Amravati, Nagpur, Wardha, Yevatmal, Akola and Buldhana districts of 

Vidharbha region. Production of good quality fruits is an area emphasized now a days neither 

undersized blemished inferior quality fruits also received very good prices in market. But 

sunburn is a major problem on early maturing mandarins and yearly leads to large financial 

losses to growers. But damage due to sunburn (discoloration or burning of fruits surfaces 

exposed to direct sun) may account for economical losses of the total harvest in mandarin 

production areas especially in Vidharbha region of Maharashtra. 

In October months, fruits of mandarin exposed to direct heat caused by high temperature, 

together with solar radiation which causes sunburn in 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) [51]. 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). Therefore, the inadequacy of resistance mechanisms and the high 

susceptibility of fruit to sunburn would suggest the need for external intervention to
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suppress sunburn in fruit, and growers looking for the ways to 

escape from sunburn. Among the numerous cultural 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 and 

MgCO 3 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 quality 

(Glenn and Puterka, 2005; Glenn, 2009 and Weerakkody et 

al., 2010) [25, 26]. 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) [14, 3].  

So, the aim of this study is to plan a research work to study 

the effect of chemical substances in different combinations 

and concentration on preventing sunburn injury of mandarin 

fruits. 

 

Materials and Methods  

The present study was carried out at AICRP on Fruits 

(Citrus), Dr. PDKV, Akola during year 2017-18 and 2018-19 

on Mrig bahar fruits of Nagpur mandarin. The experiment is 

laid out in Randomized Block Design with ten treatments and 

three replications. The growth promoting substances and 

chemicals such as gibbrellic acid, urea, kaolin, magnesium 

carbonate and their treatment combinations were applied in 

different concentration and time for preventing sunburn injury 

of mandarin. Statistical analysis of the observations recorded 

in the experiment was undertaken by adopting standard 

statistical methods as per Panse and Sukhatme). The 

experiment included 10 treatments as follow: 

  
T1 (GA3 15 ppm + Urea 1%) 

T2 Kaolin @ 3% 

T3 Kaolin @ 5% 

T4 Magnesium carbonate @ 3% 

T5 Magnesium carbonate @ 5% 

T6 (GA3 15 ppm + Urea 1%) and Kaolin @ 3% 

T7 (GA3 15 ppm + Urea 1%) and Kaolin @ 5% 

T8 (GA3 15 ppm + Urea 1%) and Magnesium carbonate @ 3% 

T9 (GA3 15 ppm + Urea 1%) and Magnesium carbonate @ 5% 

T10 Control 

 

Results and Discussion  

Effect of chemical substances on sunburned fruit 

percentage 

It’s clear from table (1) that total percentage of sunburned 

fruits was the highest with untreated trees (control) in both 

studied seasons. On the other hand, all the spraying material 

had a positive effect in reducing the total sunburned fruit 

percentage over the control. In this respect, the total 

sunburned percentage was reduced by increasing the 

concentration.   

However, the highest concentration both kaolin 5% followed 

by magnesium carbonate 5% with combinations of GA3 15 

ppm+ urea 1% respectively recorded the lower sunburned 

fruits percentage in both seasons. From data in table (1) the 

lowest percentage of total sunburned fruits per tree (3.17%) 

was observed in treatment T7 (GA3 15 ppm+ urea 1% and 

kaolin 5%) which was at par with treatment T9 (3.30%), while 

the highest percentage of total sunburned fruits per tree 

(8.49%) was recorded in treatment T10 (Control). The 

minimum the percentage of total sunburned fruits per tree 

resulting in treatment T7 (GA3 15 ppm + Urea 1%+ Kaolin 

5%) because of initially applied chemicals that is GA3 15 

ppm+ urea 1% had improved canopy, enhances plant growth 

and great effect on vegetative growth of leaves also due to 

protection from high temperature and reflection of solar 

radiation which lead to reduced heat stress on fruit surface 

area and enhances fruit water content and reduced rate of 

transpiration. Similar results found by Ennab et al. (2017) [16] 

in Balady mandarin, Abd- Allah et al. (2013) [1] in mango, 

Parashar et al. (2012) in pomegranate, Mohsen and Asharaf 

Ali (2019) in grapes.  

On the other hand, the percentage of total sunburned fruits 

was reduced when the trees sprayed by all material. In this 

concern, the sunburned drop fruit percentage was gradually 

decreased by increasing the spraying concentration from 3% 

to 5%. The differences were significant among treatments in 

both seasons. The lowest percentage of sunburned drop fruits 

per tree (0.31%) was observed in treatment T7 (GA3 15 ppm+ 

urea 1%+ kaolin 5%) which was at par with treatment T9 

(0.46%) while the highest percentage of sunburned drop fruits 

per tree (3.13%) was recorded in treatment T10 (control). 

Whereas, the minimum percentage of retain sunburned fruits 

(2.63%) per tree was recorded in treatment T3 (Kaolin 5%) 

followed by treatment T5 (2.86%), T7 (2.87%) and T9 (2.89%) 

while highest percentage of retain sunburned fruits per tree 

was recorded in treatment T10 (5.77%). The percentage of 

sunburned fruit drop and percentage of retained sunburned 

fruits per tree decreased with increase in concentration of 

antitranspirants, owing to the fact that GA3 sprays reduced 

fruit drop percentage also increased fruits retention and 

protection from high temperature and reflection of solar 

radiation which led to reduced heat stress on fruit surface 

enhances fruit water content and reduced transpiration rate. 

In case of other fruit drop percentage recorded The minimum 

percentage of fruit drop other than sunburned fruits (8.35%) 

was recorded in treatment T7 (GA3 15 ppm+ urea 1% + kaolin 

5%) which was at par with treatments T9 (9.71%) and T1 

(11.95%) while maximum percentage of fruit drop other than 

sunburned fruits per tree was recorded in treatment T10 

(28.96%). As per the study, the percentage of fruit drop other 

than sunburned fruits per tree decreased with increased 

concentration of antitranspirants rate resulting in treatment T7 

(GA3 15 ppm + Urea 1% + Kaolin 5%) might be due to the 

GA3 minimizes fruit drop and increased in fruit retention and 

kaolin appears to be an important and helpful tool to reduced 

insect attack and pest diseases of fruit damage also could be a 

valid alternative to intensive application of insecticide. 

Similar results found by Mohsen and Asharaf (2019) in 

grapes, Kumar et al. (1975) [29] in sweet lime and Ennab et al. 

(2017) [65] in balady mandarin. 

 
Table 1: Effect of chemical substances on percentage of total sunburned fruits, sunburned drop fruits, retain sunburned fruits and fruit drop 

other than sunburned fruits (per tree) 
 

Treatment 

Percentage of total sunburn 

fruits/tree 

Percentage of sunburned 

drop fruits / tree 

Percentage of retain 

sunburned fruits / tree 

Percentage of fruit drop other than 

sunburned fruits / tree 

2017-18 2018-19 Pooled 2017-18 2018-19 Pooled 2017-18 2018-19 Pooled 2017-18 2018-19 Pooled 

T1 
7.01 

(2.64) 

5.99 

(2.44) 

6.50 

(2.54) 

1.80 

(1.34) 

1.16 

(1.07) 

1.48 

(1.21) 

5.47 

(2.34) 

4.94 

(2.22) 

5.20 

(2.28) 

10.19 

(3.18) 

13.70 

(3.68) 

11.95 

(3.43) 
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T2 
3.93 

(1.97) 

4.34 

(2.07) 

4.13 

(2.02) 

1.35 

(1.16) 

0.96 

(0.98) 

1.16 

(1.07) 

2.62 

(1.61) 

3.49 

(1.85) 

3.06 

(1.73) 

20.14 

(4.46) 

27.23 

(5.19) 

23.69 

(4.83) 

T3 
3.38 

(1.83) 

3.58 

(1.88) 

3.48 

(1.86) 

1.45 

(1.20) 

0.47 

(0.67) 

0.96 

(0.94) 

2.03 

(1.42) 

3.23 

(1.78) 

2.63 

(1.60) 

16.63 

(4.06) 

22.31 

(4.70) 

19.47 

(4.38) 

T4 
4.23 

(2.05) 

4.56 

(2.13) 

4.40 

(2.09) 

1.26 

(1.09) 

0.84 

(0.92) 

1.05 

(1.01) 

2.97 

(1.72) 

3.76 

(1.93) 

3.36 

(1.82) 

16.73 

(4.07) 

22.66 

(4.74) 

19.69 

(4.41) 

T5 
3.55 

(1.87) 

3.89 

(1.96) 

3.72 

(1.92) 

1.29 

(1.13) 

0.69 

(0.82) 

0.99 

(0.97) 

2.45 

(1.56) 

3.27 

(1.79) 

2.86 

(1.67) 

18.04 

(4.23) 

24.34 

(4.91) 

21.19 

(4.57) 

T6 
3.74 

(1.92) 

3.98 

(1.98) 

3.86 

(1.96) 

0.82 

(0.89) 

0.47 

(0.67) 

0.64 

(0.78) 

2.99 

(1.73) 

3.52 

(1.87) 

3.26 

(1.80) 

10.84 

(3.28) 

14.82 

(3.83) 

12.83 

(3.55) 

T7 
2.88 

(1.69) 

3.47 

(1.85) 

3.17 

(1.77) 

0.38 

(0.60) 

0.24 

(0.49) 

0.31 

(0.54) 

2.50 

(1.57) 

3.24 

(1.79) 

2.87 

(1.68) 

7.16 

(2.66) 

9.55 

(3.07) 

8.35 

(2.87) 

T8 
3.77 

(1.93) 

4.34 

(2.07) 

4.05 

(2.01) 

0.73 

(0.84) 

0.52 

(0.72) 

0.62 

(0.78) 

3.03 

(1.74) 

3.85 

(1.96) 

3.44 

(1.85) 

11.23 

(3.33) 

15.28 

(3.89) 

13.25 

(3.61) 

T9 
3.13 

(1.76) 

3.47 

(1.85) 

3.30 

(1.81) 

0.59 

(0.76) 

0.34 

(0.58) 

0.46 

(0.67) 

2.58 

(1.60) 

3.19 

(1.78) 

2.89 

(1.69) 

8.38 

(2.88) 

11.05 

(3.30) 

9.71 

(3.09) 

T10 
7.99 

(2.81) 

8.99 

(2.98) 

8.49 

(2.89) 

3.90 

(1.97) 

2.36 

(1.53) 

3.13 

(1.75) 

4.43 

(2.10) 

7.10 

(2.66) 

5.77 

(2.38) 

24.70 

(4.94) 

33.23 

(5.73) 

28.96 

(5.33) 

F test Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig Sig Sig 

SE (m) 0.06 0.07 0.41 0.07 0.04 0.05 0.06 0.09 0.07 0.14 0.16 0.15 

CD 5% 0.20 0.21 1.16 0.20 0.12 0.15 0.18 0.27 0.21 0.43 0.48 0.43 

 

From table no 2 the maximum reduction percentage of 

sunburned fruits (62.61%) was noted in treatment T7 (GA3 15 

ppm+ urea 1%+ kaolin 5%) followed by T9 (61.07%) 

whereas, minimum reduction percentage was observed in T10 

(Control). Whereas, minimum intensity of sunburned fruits 

percentage 11.54% was obtained in treatment T7- GA3 15 

ppm + Urea 1% + Kaolin 5% which was significantly 

superior among the treatments while maximum intensity of 

sunburned fruits percentage (37.45%) was recorded in 

treatment T10- Control. On basis of mean data, ratio of 

harvested fruits and sunburned fruits was influenced by foliar 

application of chemical substances. The maximum ratio of 

harvested fruits and sunburned fruits (29.55) was recorded in 

treatment T7 (GA3 15 ppm+ urea 1%+ kaolin 5%) followed by 

T9 (27.90) while minimum ratio of harvested fruits and 

sunburned fruits was recorded in treatment T10 (8.00). 

 
Table 2: Effect of chemical substances on reduction percentage, intensity of sunburned fruits percentage and ratio of harvested fruits and 

sunburned fruits 
 

Treatment 
Reduction percentage of sunburned fruit/ tree Intensity of sunburned fruits (%) Ratio of harvested fruit: sunburned fruit 

2017-18 2018-19 Mean 2017-18 2018-19 Pooled 2017-18 2018-19 Mean 

T1 11.83 33.09 22.46 17.19 (4.24) 19.67 (4.52) 18.43 (4.39) 12.38 14.10 13.24 

T2 50.71 51.47 51.09 24.12 (4.99) 31.60 (5.68) 27.86 (5.34) 20.46 16.68 18.57 

T3 57.45 59.93 58.69 19.97 (4.56) 25.89 (5.16) 22.93 (4.87) 24.83 21.78 23.31 

T4 45.78 48.22 47.00 21.01 (4.68) 27.23 (5.30) 24.12 (4.99) 19.30 16.71 18.00 

T5 53.91 55.27 54.59 21.57 (4.72) 28.24 (5.38) 24.90 (5.07) 23.13 19.49 21.31 

T6 51.92 54.58 53.25 14.63 (3.94) 18.81 (4.43) 16.72 (4.20) 23.73 21.30 22.52 

T7 63.79 61.42 62.61 10.01 (3.30) 13.06 (3.73) 11.54 (3.52) 32.62 26.48 29.55 

T8 52.22 51.09 51.66 15.05 (3.99) 19.63 (4.52) 17.34 (4.27) 23.38 19.22 21.30 

T9 60.80 61.34 61.07 11.47 (3.51) 14.54 (3.92) 13.00 (3.72) 29.83 25.96 27.90 

T10 0.00 0.00 0.00 32.69 (5.77) 42.21 (6.53) 37.45 (6.17) 9.02 6.98 8.00 

F test - - - Sig Sig Sig - - - 

SE (m) - - - 0.15 0.18 0.17 - - - 

CD 5% - - - 0.48 0.54 0.51 - - - 

 

In Table no 3 data revealed that significantly influenced by 

chemical substances and fruit yield. In respect of number of 

harvested fruits, treatment T7 (804.58) recorded maximum 

number of harvested fruits per tree and statistically at par with 

T9 (750.50) while minimum number of harvested fruits was 

observed in untreated trees in T10(Control) whereas the 

maximum fruit yield per tree was associated with the 

treatment T7 (129.57 kg tree-1) followed by T9 (118.70 kg tree-

1) and T6 (113.25 kg tree-1) while the minimum fruit yield per 

tree was recorded in treatment T10 (76.60kg tree-1), in table 3 

showed that the average weight of marketable fruits was non 

significantly influenced by chemical substances. In the both 

year of study increases in number of harvested fruits 

(marketable fruits) per tree and fruit yield kg per tree as 

resulting of kaolin treatments may be due to its protective 

effect from high temperature and reflection of solar radiation, 

especially UV wavelength, which leads to reduce heat stress 

on fruit surface, enhances fruit water content by decreasing 

transpiration from fruit surface and ultimately increased in 

fruit number and yield resulting to successfully protected 

fruits from insect – pest. 

 
Table 3: Effect of chemical substances on number of harvested fruits, fruit yield and average weight of fruits 

 

Treatment 
Number of harvested fruits per tree (Marketable fruits) Fruit yield (kg per tree) Average weight of fruit (g) 

2017-18 2018-19 Mean 2017-18 2018-19 Mean 2017-18 2018-19 Mean 

T1 751.67 690.83 721.25 107.43 98.01 102.72 139.10 142.30 140.70 

T2 621.33 578.83 600.08 89.85 86.15 88.00 143.75 149.03 146.39 

T3 696.50 728.50 712.50 105.04 111.53 108.28 149.71 153.67 151.69 
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T4 626.67 619.83 623.25 87.45 90.63 89.04 142.79 146.14 144.46 

T5 662.00 664.67 663.33 94.68 97.63 96.15 144.40 150.12 147.26 

T6 720.67 753.33 737.00 105.30 121.20 113.25 147.16 160.97 154.07 

T7 878.17 731.00 804.58 139.69 119.44 129.57 158.88 163.99 161.44 

T8 712.67 716.33 714.50 102.11 112.39 107.25 144.61 156.60 150.61 

T9 811.00 690.00 750.50 121.86 115.54 118.70 153.28 167.84 160.56 

T10 598.00 517.00 557.50 80.49 72.71 76.60 134.70 140.65 137.67 

F test Sig Sig Sig Sig Sig Sig NS NS NS 

SE (m) 41.34 41.07 40.45 6.72 6.84 6.63 5.78 6.95 6.24 

CD 5% 122.84 122.03 116.24 19.97 20.32 19.07 - - - 

 

Conclusion  

On the basis of the above experimental findings, we 

concluded that foliar application of GA3 15 ppm+ urea 1% 

and kaolin 5% was found more reduction percentage of 

sunburn fruit followed by GA3 15 ppm+ urea 1% and 

magnesium carbonate at 5% two times in month of September 

and October had a effective in decreasing of sunburn injury 

there by improved marketable yield of mandarin fruits. 
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