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Introduction

Low temperature storage is the most important method used to preserve harvested products. Keeping
products at low temperatures, above the freezing point up to 10 degrees Celsius, can cause frost damage in fruits
and vegetables, especially tropical and subtropical products. The use of heat treatments as safe, organic and
alternative physical methods is increasing, these treatments are used to maintain the quality after harvesting and
also to prevent frostbite of garden products. Also, one of the recommended methods to reduce fruit waste is to
increase the calcium concentration of the fruit by using calcium solutions. Calcium is one of the most important
mineral elements that is involved in determining the quality of the fruit and its shelf life. Studies conducted on
the use of nano fertilizers in some species of fruit trees has shown their potential role in improving the yield of
the product and the physical and chemical properties of the fruitThis study was conducted to investigate the
effect of postharvest treatments of calcium chloride and nano chelated calcium fertilizers on chilling injury and
physiological characteristics of local orange fruits stored at 2 £0.5° C and 85% relative humidity for 60 to 120
days.

Materials and Methods

In this research, orange fruits of the local cultivar Citrus sinensis at the stage of commercial maturity based
on the taste index (10TSS/TA=) were prepared from Darab city of Fars province and transferred to the
Physiology Laboratory of Horticultural Sciences Department of Shiraz University. Then the fruits were
disinfected with 2% sodium hypochlorite and washed with distilled water. Treatments included calcium chloride
and nano chelated calcium fertilizers at different concentrations of zero, 3 and 6 dissolved in cold water (20°C)
and hot water at 45 °C for 25 and 15 min, respectively. Sampling was done on days 60 and 120. To simulate
shelf life conditions, before measuring the parameters, the fruits were kept at laboratory temperature for two
days. In this research, the changes in fruit tissue firmness, freezing index, weight loss percentage, soluble solids,
total acidity, ascorbic acid, ion leakage, potassium ion leakage, malondialdehyde, calcium content of fruit skin
and flesh, fruit color, catalase enzymes and peroxidase were measured. Data analysis was done using SAS
software version 4.9 and comparison of averages was done by LSD test at 5% probability level.

Results and Discussion
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There was a significant difference between nano chelated calcium and calcium chloride in calcium
enrichment in pulp and fruit skin Calcium chloride and nano chelated calcium treatments dissolved in hot water
reduced weight loss, soluble solids content, acidity, ascorbic acid, ion leakage and malondialdehyde and the
activity of the antioxidant enzymes catalase and peroxidase. Nano chelated calcium increased calcium content by
44% in fruit skin and up to 41% in fruit pulp compared to calcium chloride. Nano chelated calcium 3 and 6 %
showed more stability in fruit weight (159 and 400%, respectively) compared to calcium chloride after two
months of storage. After 60 and 120 days of storage, the content of ascorbic acid in fruits treated with 6 nano
chelated calcium was 73% higher than calcium chloride. Nano chelated calcium 3 % compared to calcium
chloride prevented 39.6 of potassium ion leakage during 60 days of storage. The amount of ascorbic acid in the
3% and 6% nano calcium treatment and the tissue hardness in the 3% nano calcium chelate treatment after two
months of storage were estimated to be higher than the control and calcium chloride. Calcium nano chelate 6%
improved the calcium content of fruit flesh and skin due to increased permeability. Warm water pretreatment
with calcium compounds is an efficient and recommendable treatment for the preservation of orange fruits in
cold storage conditions due to the improvement and reduction of the severity of the increase in indicators related
to the occurrence of frost damage in the skin of fruits.

Conclusion

One of the primary concerns during storage is the loss of fruit weight. Calcium nano chelate, in comparison
to the control and calcium chloride treatments, exhibited the least weight loss over the two months of storage.
This is attributed to the critical role of calcium in influencing the shelf life of fruits. It was observed that
immersing fruits in calcium compounds dissolved in hot water and utilizing 6% nano chelated calcium had a
significant positive impact on enhancing and preserving the quality of orange fruits during cold storage.
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Table 1- The interaction effect between the duration of storage and different calcium treatments on some fruit characteristics
of sweet orange cv. Mahali Darab

O oials M gl cdl e Sapgool gy it O, Sl

. PR ©
Sesd ;’or; o Weight Joloe Total Tissue KW lonic LG
Treatment (mont%) Loss TSS acidity firmness Ascorbic leakage Potassium
() (%) (@) (Newton's) acid (%) leakage
(%)
"5y Ol dalis .
7 Y 6.38b-e 12.43d-f 0.742b 29.80 fg 28.42 h 39.79i 86.62 ¢
Control cold water
¥ 4.88fg 13.63cd 0.721 bc 24979 21.15i 65.93 bc 67.23 k
Y,a)f ui Jals
g Y 7.00b 14.66a-c 0.737b 35.68 c-f 38.27 gh 48.24 f-h 83.48d
Control warm water
¥ 4.86fg 15.33a 0.630d 34.51 d-f 27.66 k 48.10 f-h 63.67 |
2y 20 )3 Y rnlS 3y 15
Calcium chloride 3% Y 6.17b-e 15.10ab 0.633d 33.55 ef 50.64 fg 48.10 f-h 80.31 fg
cold water
¥ 5.32e-g 15.73a 0.623 de 35.31 ¢-f 47.78 ¢ 70.01a 72.68 ij
P ol ho) ¥ s 318
Calcium chloride 3% Y 4.269 12.80de 0.677c 42.40 be 78.32ab 48.76 fg 77.74h
warm water
¥ 5.42d-f 13.70b-d 0.593 ¢ 39.01 b-f 74.16 b 57.60d 82.63de
Sy Sl 203 5 S 3y 15
Calcium chloride 6% Y 6.27b-e 12.00ef 0.613 bc 40.01 b-e 69.77d 41.891i 80.97 fg
cold water
¥ 5.40ef 15.56a 0573 f 36.73 c-f 64.21d 59.55 d 90.97 b
P ol ho)> 5 ulS 318
Calcium chloride 6% Y 14.47a 10.36g 0.713 bc 45.85 ab 79.07 ab 48.83 f-h 94.13 a
warm water
¥ 5.96b-f 15.83a 0.567 f 4551 ab 75.16hc 69.86 a 72.49 ij
a3 ¥ S €M
Calcium nanochelate 3% A 2.38h 11.96ef 0.662 ¢ 41.66 b-d 61.24 de 51.30 e 57.50 m
cold water
¥ 5.67c-f 11.06fg 0.594 e 39.78 b-e 55.01le 69.11a 62.98 |
O 2o ¥ S US43
P Y 1.93h 10.36g 0.740 b 52.28a 80.59 a 46.15 h 79.75g
Calcium nanochelate 3%
warm water
¥ 6.60bc 8.80h 0.580 ef 49.78 a 75.71bc 63.58 ¢ 81.58 ef
O do )3 5 S US4
o Y 2.80h 11.90ef 0.633d 39.68 b-e 76.65 ab 49.69 ef 80.04 g
Calcium nanochelate 6%
cold water
¥ 6.88b 12.80de 0.583 f 38.89 b-f 66.09d 68.58 a 66.65 k
O 2o )3 5 S &ML
R Y 2.90h 11.40e-g 0.786 a 39.79 b-e 78.18 ab 47.05 gh 71.86j
Calcium nanochelate 6%
warm water
¥ 6.53b-d 10.30g 0.693 ¢ 41.95 be 76.15b 66.11 b 73.59i

Ly gylo dxe iglas LSD (yg0jl 5l oolitesl b duoyd & Jlostn] prbans )3 cdisinds aolio glacd o (glls a8 playSilo cygtw p 4
g 453 ¥0 )5 OT=Y ¢ pogundis 43 Yo 3y Ol =)
In each column, the means that have similar letters are not significantly different at the 5% of probability level based on LSD test.
1 = Cold water 20 degrees Celsius; 2= Hot water 45 degrees Celsius.
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Table 2- The interaction ofeffect the storage during different calcium treatments on some fruit characteristics of sweet orange cv. Mahali Darab

o o Jois o253 0-1g)jlapnS T 2 ol 2507 65 lle
) - - o 2913 .
Sl e - ’ "0 R 53 kB L* : LogsS P55 2 3 J309,5)
Treatment Storage 3l Catalase (5 el Chroma (o35 3
(month) (%) (%) r’ Hue® ”). 039
Peroxidase Malondialdehyde
"5y ol anls . 71.934
Y 0,617 ab 0.436 ef 0.290 ghi 51.252 defg 56.972 cdefgh 0.0525 ¢
Control cold water cde
¥ 0.641a 0.253i 0.239 hi 54.820 def 7352(:78 50.186 cdef 0.0439 gh
a8 ol aals
P ¥ 0.585 be 0.277 hi 0.285 ghi 50.642¢efgh  51.395f 51.967 ghij 0.0568 b
Control warm water
¥ 0633ab  0.385efg 0.213 hi 49.933 efgh 7%2;’1 55.310 defghi 0.0428 h
Clao )3 ¥ padS )8
3y ¥ 0,583 be 0.351fgh 0.619d 52.933 efgh 72'335 58.017 cdefg 0.0594 b
Calcium chloride 3% coe
cold water
¥ 0,550 cd 0717 ¢ 0.756 ¢ 61.975ab 716332 67.729a 0.0482 de
Ol 2o )3 ¥ oS’ 25,I8
5 ¥ 0516d 0.301 ghi 0.421 ef s50.767efgh 2% 57.243 cdefgh 0.0456 efg
Calcium chloride 3% a
warm water
¥ 0513d 0571¢ 1,019 ab 63.743a 74850 68.090 a 0.0440 gh
Ol )3 & S 15,
3y ¥ 05184 0.318 ghi 0.385 efg 50.287 efgh 7%05’8 53.530 efghij 0.0537 ¢
Calcium chloride 6% Cf
cold water
¥ 0.116 gh 0.437 ef 0.942b 61.050 abc 720'5821 64.721 ab 0.0485 d
Ol )3 & oS 10,8
S v 0,549 cd 0.446 ¢ 0.459¢ a3721gh 324 54303 defghij 0.0571b
b
Calcium chloride 6% c
warm water
¥ 0.166 efg 1532a 0.952b 56.712 bed 75'566 60.166 bed 0.0467 def
2o ¥ S WS g
- Y 0212e 0.301 ghi 0.165i 49.262 fgh 71333 51.074 hij 0.0571b
Calcium nanochelate cde
3% cold water
¥ 0.202 ef 0.768 ¢ 0.430 ef 64.500 a 74;)04 62.584 abc 0.0485 d
2o ¥ S WS g
£ Y 0.152 g 0.961b 0.643 cd 48.862 gh 71('1194 52.877 fghij 0.0591 b
Calcium nanochelate e
3% warm water
¥ 0.051i 1.015b 1.106 ab 61.120 ab 720'3946 59.888 bode 0.0479 de
Lo F S WS g
3y Y 0.16lefg  0.297 ghi 0.323 fgh 45.077h 71’592 48.954 ij 0.0517 ¢
Calcium nanochelate cde
6% cold water
¥ 0.116 gh 0.981b 0.455 ef 56.957 bed 70'9977 48.463 ] 0.0451 fgh
Lo F S WS g
P o v 0.133 gh 0.749 ¢ 101 ab 52.883 defg 74'%50 52.002 ghij 0.0637a
Calcium nanochelate a
6% warm water
¥ 0.083 hi 0971b 1137a 55.253 cde 7%;:9 48.019 ] 0.0424 h

L5 (g3 gime iglis LSD g0 5l ookl b suoyd & Jlazs] gans 13 caiians aliie (slacd > (slls &5 ola puSilio (ot 0
P 42 3F0 25 LTSY ¢ ugadi a3 Ve sy T =)
In each column, the means that have similar letters are not significantly different at the 5% of probability level based on LSD test.
1 = Cold water 20 degrees Celsius; 2= Hot water 45 degrees Celsius
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Table 3- The interaction effect of the storage durationx different calcium treatments on the amount of calcium in the flesh
and skin of the fruit (mg.g* dry weight)
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Treatr;1en t Calcium content  Calcium content
Storage(month) of fruit flesh of fruit skin
\ 1 &
S0 o aald Y 15226] 21113]
Control cold water
¥ 11533.3k 15227k
Y & T -
P ol als Y 19400i 21667
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¥ 13133.3k 21517j
ol .
dp0 2o ¥ el )15 Y 22561.7h 24550hi
Calcium chloride 3% cold water
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s S
72l 202 ¥ peds 8 Y 22761.7gh 26433f-h
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dp0 2o P el )5 Y 23730fh 28917ef
Calcium chloride 6% cold water
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PE N dopF pls )8 Y 24620fg 32767d
Calcium chloride 6% warm water
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P aep Y ls S Y 25650ef 35570¢
Calcium nanochelate 3% cold water
¥ 27800d 28312e-g
5 aop Y S S Y 29946.7¢ 37750bc
Calcium nanochelate 3% warm water
¥ 27566.7de 30233de
Sy 2l 203 7 pds S5 Y 33916.7b 42867a
Calcium nanochelate 6% cold water
¥ 29333.7cd 37013bc
PF 2o s G Y 36756.7a 44183a
Calcium nanochelate 6% warm water
¥ 36756.7a 39683b
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In each column, the means that have similar letters are not significantly different at the 5% of probability level based on LSD test.

1 = Cold water 20 degrees Celsius; 2= Hot water 45 degrees Celsius.
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