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Abstract

Background and Objectives

Calcium is a key plant nutrient with significant functions including reducing fruit senescence;
calcium deficiency has been involved in several physiological disorders in fruits. Pre-harvest
foliar application of calcium chloride (CaCl,) is an efficient and safe strategy to maintain or
improve the fruit quality during storage. Also, calcium significantly increases the membrane and
cell wall density and reduces the physiological disorders of the fruit. Thus, the aim of this study
was to evaluate the effect of pre-harvest CaCl, sprays of citrus trees at three fruit development
stages on improving fruit quality and antioxidant capacity during storage.

Materials and Methods

To conduct this research, citrus trees of three different varieties (“Thomson’, ‘Moro” and ‘Page”’)
were sprayed with different concentrations of CaCl, (0, 1, 2 and 4%) at three fruit development
stages (120, 140 and 160 days after full bloom). After harvesting, citrus fruits were stored at 5°C
and 85% relative humidity for 60 days. Then, weight loss and juice percentage, total carotenoids,
superoxide dismutase (SOD) and ascorbate peroxidase (APX) activity, and total antioxidant
capacity (ICsq content) of the fruits peel and pulp were determined on 0 (harvesting time), 30 and
60 days. Data were analyzed using SAS (Ver.9.1) and significance of the differences between the
means was computed using Tukey test.

Results

Results showed that weight loss percentage in fruit treated with CaCl, (especially in 2 and 4%
treatments) of all three cultivars was significantly less than control during storage. Total
carotenoid of pulp of Thomson and Moro cultivars increased with increasing of CacCl,
concentrations compared to control during storage. In Page mandarin, the carotenoid content of
pulp was not affected by calcium chloride treatment. Results also showed that SOD activity in
peel and pulp of treated fruits was higher than control at harvest time. At the time of harvesting,
the peel APX activity of Thomson and Moro cultivars (control) was higher than those treated by
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calcium. Antioxidant capacity (based on ICs, content) of peel and pulp varied depending on the
cultivar and the treatment. That is, the highest antioxidant capacity was determined in ‘Thomson’
at harvest time and in treated fruits with high level of CaCl..

Discussion

In the present study, the CaCl, pre-treatment was sprayed on the citrus trees and the results
indicated that pre-harvest calcium chloride significantly decreases weight loss percentage and
increases antioxidant capacity, SOD activity and total carotenoid contents in citrus fruits during
storage. It seems that the accessibility of sufficient CaCl, during plant growth has a strong
influence on concentrations of bioactive compounds and overall antioxidant properties of citrus
fruits. Overall it is suggested that an appropriate CaCl, pre-treatment of citrus tree can help
improve or maintain pulp and peel quality during storage. It is further suggested, using chlorine-
free calcium sources in southern Iran with alkaline soils.
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Table 1. Effect of citrus trees spray with different CaCl, concentrations on weight loss and juice
percentage of fruits during storage
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4259  45.7%® 31.1° 0° o o 0
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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 2. Effect of citrus trees spray with different CaCl, concentrations on total carotenoids of fruits
peel and pulp during storage
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Page Moro Thomson  Page  Moro  Thomson (%) (day)
0.12° 0.32®  0.14° 01*  0.26° 0.13° 0
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0.04° 0.1° 0.99° 02  013° 0.36™ 2
0.01° 0.03 0.1° 03" 0.16e  0.6° 4
0.05°% 0.05 0.01° 0.1  0.08° 0.05¢ 0
0.08 1.07° 0.89° 01  1.64° 0.04¢ 1 30
0.06° 0.51° 0.54° 02  1.15® 02° 2
0.01° 0.11° 0.08%® 0.4  0.94° 1.34% 4
0.06 0.01° 0.13° 01*  0.18  0.04° 0
0.11° 0.05° 0.09° 01*  0.24° 0.05¢ 1 60
0.12 0.09" 0.19% 0.2 0.42° 0.07° 2
0.05° 0.12° 0.03 0.3 086" 0.1° 4
5254 4515  16.43 19.44 4223  19.2 C.V. (%)

..u)\;rn“;,u@mg;}u;w,;egdu,.lcaw;o,u;pq)fd\,\;su;nisggrsj,asxﬁ}gyﬁ,:*
* 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 3. Effect of citrus trees spray with different CaCl, concentrations on SOD activity of peel and
pulp of fruits at the beginning and the end of storage

Cosgs SOD cullab Cbef SOD ol
(4ads 55 § U39 pFlcwy) (482 55 § U9 pFlcss) (W 33) o™ I8 5
SOD activity of peel (U/gFW) SOD activity of pulp (U/gFW) Calcium Chloride Variety
GOy Gl £, GO SN E9h (%0)

End of storage  Beginning of storage End of storage  Beginning of storage
7.9% 1.8f 1.1° 7.3%" 0
11.8° 4.4 2.6 7.9% 1 O gosls
8.1%* 8.3 8.8% 8.3 2 Thomson
10.9° 5.5% 11.3 10.7% 4
20.9 15.87 24.39 16.79 C.V. (%)
2.3 5.9 1.5° 10.3* 0
2.2 7.3% 2k 13.4%® 1 s
11.5° 8.5% 8.5% 15.5° 2 Moro
11.1° 9.1% 11.1° 13.4%® 4
25.3 13.46 30.2 18.29 C.V. (%)
g8.2%® 5.1%" 7.2% 13.5° 0
10.7% 12.9° 8.4* 7.1% 1 &
10.8° 10.1%® 11.7* 10.3* 2 Page
12.1% 12.3° 9.5° g% 4
15.58 17.05 27.58 31.3 C.V. (%)

b e b ol e sl w):eiiJu»lcu):o,u:..Q}f@)uL;La\;,:isp;;,uﬁ):*
* Mean in each column with the same letter is not significantly different at 1% of probability level.



2 8 ST ST 5 S S S s 35 10K 5 pikie 13 Ve

S S AR g 5 s f o ) JB G ol o
23 Oy 5 oS
(APX) 3l b ygl

gy 3 255 S APX 3T b ot s
sl (F) s 53 (g la, Ll OLL 5 oils Ol o
dals glao g s V'i};T ol Sl s Ol ys .l
Lo s 51 YL 5530 05 Sy 5 Ol (55 22 8
NSRS TGy 5 B PPN LR PN L
A3 o dals 1 aie 5 CEL Ll e yles Cow
W.MQMWEJL;&LSJ‘J@Aij&JLAT
&s,LI oL s vi)_;T;:Sbé aals G s 434S ol L
o g o8 (S 5 50m (0l J 5 2B 3
(.J_?ﬂubw;uvv,\//\uw AARERYVA
o= L ol ime Sl g oleT i 51 S 036 05

NEwEY

I 5 5 oS gla ESTs b o g (6 5 O

YL gshw Lo 48Tl ol pan ST SLa LSS
AU s el el o 5T lalan| 5T
> .Jimenez et al., 2002) 3,15 ¢ gus C3b (6, Il
Ol 03 1 YU oo oS IS5 0087 Ry
‘.:_M.Kbx_iljlfj_’:\ i el Ll de 55 SOD e
anlln 550 208" LS e 55 SOD (o 5T b o)
35 05 o 030 ez 3l b goe sl 53 ol 43 513
CTolas ol er 4 do 5 F @S 1 IS5 )8 ¢ s
5SOD (sl 5T dleb 5 0 gmn (b il 3l oo 0
Rabiei et al., ) 43 § aals jlas L awlis s CAT
e SOD bt ctalis (slme sun 53 457 ! (2011
(Sl a8l LS LN )3 0 pn JalST Sy b O
ol o e Zushi et al. (2009) slaassl U 5lae
IS pam S oS cs f 5 imny ;350D b

30 Cwgs 9 Cebiaf APX 9 3T Cudled p et [ 57 Cillisen (Sl cdald b DL o Ol 58 (S0 Jokmo §1-¢ Jaoo

oga (oI35l bl 9 cublo p Olo)
Table 4. Effect of citrus trees spray with different CaCl, concentrations on APX activity of peel and
pulp of fruits at the beginning and the end of storage

Sy APX culled

b APX Culled

(4ads 55 § U39 pFlcwy) (4385 35 § 039 p 5 css) (A0 35) pods” g1 157 5
APX activity of peel (U/gFW min™)  APX activity of pulp (U/gFW min™)  Calcium Chloride Variet
Ay Gl Esd Aokl @l gayh (%) /
End of storage  Beginning of storage End of storage  Beginning of storage
1.3 0.2% 1.6° 0.7%" 0
1.5° 0.6° 1.5° 0.4% 1 O gl
1.4% 0.5% 2.6° 0.5% 2 Thomson
2.1° 0.78 3.2 0.5 4
30.6 31.81 285 26.59 C.V. (%)
0.9° 0.8 2.2 0.2° 0
1.4° 0.6° 1.6° 0.5 1 Sae
1.5° 0.6° 1.5° 0.6% 2 Moro
1.8 0.6% 3.1° 0.6 4
27.8 32.43 35.13 30.2 C.V. (%)
2 0.4° 1.5% 0.4%® 0
1.4 0.6 1.3 0.6® 1 =
1.3 0.6° 3.1° 0.9° 2 Page
3.6° 0.7% 2.3 0.8% 4
28.99 40.47 57.73 35.97 C.V. (%)

..u)u(,.n,.@l;uw;),u:.u);&_Ju»l@M)sg;,,u;ngjf@)uéu@époyﬁﬁ*
* Mean in each column with the same letter is not significantly different at 1% of probability level.
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Table 5. Effect of citrus trees spray with different CaCl, concentrations on 1Cs, content of peel and
pulp in fruits during storage

(P57 o) gy 1Cs50 Ol we

(P55 ko) uigs™ 1Cs0 Ol 3o

IC5, content of peel (mg) IC5, content of pulp (mg) (M)_o) forel” '““_’K (395) 12,61 Do
- - Calcium Chloride Storage duration
(o] 950 Ogual o] 990 Ogusl (%) (day)
Page Moro  Thomson Page Moro  Thomson
9.13¢ 8.91  9.18“ 9.02¢ 8.88%  10.77% 0
8.95¢ 9.01  248¢ 9.25¢ 6.86°  7.95° 1 0
8.99¢ 8.79¢ 9.04% 9.73¢ 578  10.2% 2
3.17¢ 89 3.46° 3.54° 5.53f 0.25 4
18.36%¢ 21.49°  22.67° 15.18°  21.49*°  26.28° 0
19.31*° 12.88%  11.54° 21.78%  12.88° 12.37™ 1 30
17.9%¢  12.43%  12.03° 20.96®° 12.43¢ 1257% 2
17.8 1159 12.13° 21.64ab 1159  12.46™ 4
18.56® 31.81°  20.66° 21® 18.34®  32.48° 0
16.39°  14.72%  13.04° 19.67%  16.09°  14.56° 1 60
16.91% 1561° 12.42° 18.78°  17.16°  12.91¢ 2
17.76®¢ 1521% 12.66" 21.34%  16.32°  14.2° 4
4.86 6.59 9.93 6.26 8.39 6.82 C.V. (%)

..u)u(,.at“;)uu;u;),u:.u);&_Ju»ldu)sg;,,u;ngjfébuéu@époyﬁﬁ*
* Mean in each column with the same letter is not significantly different at 1% of probability level.
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