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Abstract

Introduction

Oranges belong to the Citrus (family Rutaceae) and are an important source of antioxidants,
including phenolic compounds and vitamin C. These compounds have a protective effect
against various diseases such as cancer and cardiovascular. Since there is a possibility of decay
and rot of Citrus in all stages of harvest and post-harvest, the use of mineral elements may have
an important effect on increasing the quality of the fruit and its shelf life. This effect varies
depending on the species and cultivar of Citrus. Mineral elements, especially potassium and
calcium, affect fruit growth and Citrus fruit quality.

Materials and Methods

To investigate the effect of spraying, a research was conducted in Qaemshahr city in 2019, which
in this study, manual foliar application of calcium nitrate (0, 2 and 4 g / 1) and potassium
phosphite (0, 1.5 and 3 g/ 1) was done in the late October in three stages with a week interval.
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Then, one week after the last treatment, the harvesting operation was performed with garden
shears. After washing, the fruits were kept in normal temperature for 3 months. Various
parameters such as morphology (percentage of weight loss, firmness, percentage of decay, etc.),
biochemical (total soluble solids (TSS), titratable acidity (TA) and acidity of fruit juice (pH)),
antioxidant (percentage of inhibition and vitamin C), enzyme (ascorbate peroxidase and
superoxide dismutase) and marketability traits were evaluated.

Results and Discussion

The results showed that the application of higher concentrations of calcium nitrate and
potassium phosphite improved the measured traits at harvest day. The use of these materials has
also increased the shelf life and quality of the fruit during storage. Fruits treated with calcium
nitrate and potassium phosphite had more antioxidant properties on the day of harvest. The
highest amount of vitamin C and inhibition percentage were observed in the treatment of 4 g/ 1
calcium nitrate and 3 g / 1 potassium phosphite at harvest day. Treated fruits were more firm
and less rotten during storage than control ones. Also, the treated fruits had more soluble solids
and titratable acidity. Also, during storage, the quality of the fruit and its marketability
decreased, but fruits treated with calcium nitrate and potassium phosphite received higher
scores from the evaluators. The use of calcium increases the strength of the membrane and
reduces the activity of enzymes that relax the cell wall, which therefore increases the firmness of
the fruit and reduces the weight loss and rot of fruits during storage. The use of potassium
phosphite has also been effective in reducing caries. Calcium along with potassium play a role in
photosynthesis and cause the accumulation of sugars. Vitamin C is associated with a decrease
during storage, due to the use of ascorbic acid as an ascorbate peroxidase cofactor. Finally, it
seems that the marketability of the fruit has increased due to the increase of quality traits such as
sugars, due to the use of calcium nitrate and potassium phosphite.

Conclusion

The storage of Thomson Novel oranges was affected by the treatments used, and the highest
firmness, weight and quality characteristics of the fruit were obtained in the highest amount of
calcium nitrate and potassium phosphite. Also, the rate of caries has decreased significantly with
the use of these treatments.
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Table 1. Thomson novell garden soil analysis
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TEX 0.C%’ 0.M%! pH EC X103 T.N.V%! N% P (p.p.m) K (p.p.m)

Silt-loam 1.5 1.83 7.39 1.6 28.5 0.9 7 198

1. Organic carbon -Organic matter- Total Neutralizing Value
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Table 2. Analysis of variance of the effect of treatments on morphological and biochemical traits of Thomson Navel

orange
5.0V df Mean squares

T Weight loss Firmness Decay TSS pH TA
Calcium nitrate 2 23.09** 55.93** 165.86** 2.03** 0.23m 0.86**
Potassium phosphite 2 2.70* 3.92%* 28.01* 1.89** 0.06* 0.03**
Time 3 80.13** 8.17* 527.74** 1.83** 0.60** 5.73%*
Interaction 28 0.76** 0.28** 10.43* 0.79** 0.93" 0.01**
Error 72 0.86 0.090 0.036 0.07 0.142 0.48
CV.% 3.59 4.71 4.18 3.03 3.04 2.43

ns, ¥, **: are non-significant and significant and significant at 5 and 1% at probability levels, respective.
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Table 3. Comparison of mean morphological traits of Thomson Navel orange

Treatments Weight loss (%) Firmness (Kg.cm?) Decay (%)
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£ 2f ¢ ¢ % % ¢ § ®F : :z T 3
3 == T £ 3§ £ = £ § & = & 3 £
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# Mean in each column and for each cultivar with the same letter is not significantly different at 1% of probability level.
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Table 4. Comparison of mean morphological traits of Thomson Navel orange

Treatments TSS (Brix®) TA (%)

2 < <
> < = E= > S = S
1*] = c = =
5 A T T 3 = T i 3 =
0 8.1i 8.69 9.7bc 9.1de 1.7d 1.5f 1.2h 0.8l
0 1.5 8.7fg 9.2d 9.7bc 8.9ef 1.7d 1.6e 1.2h 0.8l
3 8.69 9.1de 9.0e 8.7fg 1.8c 1.6e 1.3g 0.9k
0 8.4h 8.9ef 9.4cd 8.3hi 1.8c 1.7d 1.3g 0.8l
2 1.5 9.6bc 10.1ab 10.3a 9.0e 2.0b 1.8c 1.5f 0.9k
3 8.69 9.1de 9.7bc 8.9ef 2.0b 1.8c 1.5f 0.9k
8.4h 8.9ef 9.5¢c 8.9ef 2.0b 2.0b 1.6e 1.0
4 1.5 9.6bc 10.1ab 9.9b 8.8f 2.2a 2.1ab 1.6e 1.1
9.1de 9.6bc 10.2a 10.1ab 2.2a 1.8c 1.5f 0.9k

# Mean in each column and for each cultivar with the same letter is not significantly different at 1% of probability level.
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Figure 1. Effect of potassium phosphite and storage time on pH of Thomson Navel orange fruit
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Table 5. Analysis of variance of the effect of treatments on antioxidant traits of Thomson Navel orange

S.0.V. df

Mean squares

Inhibition (%) Vitamin ¢ APX SOD
Calcium nitrate 2 3619.56** 417.12*%* 3.90** 519.30**
Potassium phosphite 2 245.67** 413.06** 0.53** 65.07**
Time 3 1579.34** 183.33** 11.35%* 70.55**
Interaction 28 7.54%* 14.67%* 0.10** 0.78**
Error 72 2.30 2.40 0.14 0.027
CV.% 6.71 8.90 5.47 9.58

**: is significant at 1% at probability level.

Table 6. Comparison of the mean traits of Thomson Navel orange

Treatments Inhibition (%) Vitamin C ( mg/100 g)
Calcium Potassium  Harvest First Second Third Harvest First Second Third
nitrate phosphite day month month month day month month month
0 33.0t 54.0k 43.0pq 36.0s 32.3n 35.3k 37.3ij 34.31
0 1.5 35.6s 56.6j 45.60 38.6r 35.3k 38.3hi 40.3fg 37.3jj
3 40.6r 61.6fg 50.6m 43.6p 41.6e 44.6¢d 46.6bc 43.6d
0 48.0n 65.0d 58.01 52.1 32.3n 36.3j 39.3gh 40.3fg
2 1.5 50.6m 66.3cd 60.6g 54.6k 29.30 33.3mn 36.3j 38.3hi
3 52.01 68.6¢ 62.0f 56.0j 34.0lm 38.0i 41.0ef 43.0f
0 56.6j 71.6b 63.6e 59.6gh 36.3j 38.3hi 42.3de 39.3gh
4 1.5 58.01 73.0b 65.0d 61.0fg 40.6efg  42.6de 46.6bc 45.6¢
3 60.6g 75.6a 67.6¢ 63.6e 44.6¢d 46.6bc 50.6a 47.6b
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Table 7. Comparison of the mean traits of Thomson Navel orange

Treatments APX (U/gFW) SOD (U/gFW)
Calcium Potassium  Harvest First Second Third Harvest First Second Third
nitrate phosphite day month month month day month month month
0 0.7t 0.9r 1.2k l.6g 0.9s 1.1s 2.5q 3.6n
0 1.5 0.7t 0.9r 1.3 1.8f 1.7r 2.0r 3.3no0 4.4m
3 0.8s 1.0p 1.3 1.9¢ 2.6p 2.8p 42m 5.3kl
0 0.8s 1.10 1.5h 2.1d 2.7p 3.20 5.11 6.5j
2 1.5 0.9r l.1o 1.6g 2.3c 3.7n 4.3m 6.4j 7.81
3 1.0p 1.2k 1.7f 2.8b 5.7k 6.3j 8.4g 9.8f
0 1.0p 1.3j 2.1d 2.4c 6.5j 8.1h 9.8f 10.5e
4 1.5 1.0p 1.3j 2.2d 2.8b 8.3gh 9.9f 11.6d 12.3¢
3 1.1o 1.4i 2.3d 3.2a 9.7f 11.3d 13.0b 13.7a

Mean in each column and for each cultivar with the same letter is not significantly different at 1% of probability level.
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Figure 2. Comparison of the mean effect of calcium
nitrate and potassium phosphite on the marketability of
Thomson Navel oranges during storage
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