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Fig 1. Effect of preharvest treatment of different calcium sources on internal calcium content of pears during cold storage.

Means with the same letters is not significant at 5% level of Duncan test
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Fig 2. Effect of preharvest treatment of different calcium sources on fruit firmness of pears during cold storage.

Means with the same letters is not significant at 5% level of Duncan test
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Fig 3. Effect of preharvest treatment of different calcium sources on total soluble solid content of pears during cold

storage. Means with the same letters is not significant at 5% level of Duncan test.
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Fig 4. Effect of preharvest treatment of different calcium sources on total acid content of pears during cold storage.

Means with the same letters is not significant at 5% level of Duncan test.
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Fig S. Effect of preharvest treatment of different calcium sources on ascorbic acid content of pears during cold

storage. Means with the same letters is not significant at 5% level of Duncan test
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Fig 6. Effect of preharvest treatment of different calcium sources on total flavonoids content of pears during cold
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O Control

90
80
70
60
50
40
30
20
10

0

Js J:s
Total phenols (mg GAI/100g W)

Calcium lactate  m Calcium chloride  m Calcium lignosulphonate

a

b
b
b b
c
od cd cd
de
H H |i‘ e
0 45 90
JJLAJ.L,." s

Storage times (Day)

Sl L peKile 3w Ll dsb 53 (W IS 6 (sgmme g omedS ilitis i b s 51 8 Sless 50 Y S

I (5ol e D A3 O el 53 Sl 0051 polul p wlie Gy

Fig 7. Effect of preharvest treatment of different calcium sources on total phenols content of pears during cold

storage. Means with the same letters is not significant at 5% level of Duncan test.

139



VWAA il 9 5l ) o lack cagn 0,90 (il OLALS Aalis sale dg puls

St 5Sal el 3 La il 53T (L 5D il 5 Jls
b SlaeSI ST a3l s il wsls oo
Kou et ) ol sl sdaline S 55 oS LIS L
Loaads Jilb sl 5l 13 Labd sk @l 2013
Lol 5o s b a5 Rl el 5 S LSY
ol 0T JLs a5 Sp Sl Al 5 L SIS
«S .(Barzegar etal., 2018) s S oS! sl e b
)03 s sl aalllas il L

Yo Iy L goll L & Jlail b pdS cpl s 0 0le
5 S o les Lit w31 SISCsL, Ll 51 5 63
3 azalS LROS Wy 5 st O senliinS| )
o b 65V a3 b SlS) T e b
&l as (YY) 0, 5 Zhi (Spinardi, 2005) 3
s ROS g Jals 5 dio s Sl o ) eds
P SEIASI BT ol 15 dadlisso b
b oS Dl Sl 55 Lsls 0L | el s
S s Oy A 4 e S oS A1
L oS L35 o Lid skiS b slaceSsn 5 bags 3
-l G s Sl 03aS) b gl S Ap el
215 0l v 50 8 Sl Jobu 515 slglins]
(Naseretal., 2018) &S o Le> J 4l

OCaontrol Calcium lactate

100 A
20 A
80 A
70 A
60 A

S5 ol il
Total antioxidant (%)

M Calcium chloride

NEEWE | JOV
Shod 53 55 e sdalie £ ISE s &S kil
sl adS e DS S L s el
o Glsbiless3 b SleS| T s b et
e laegn Rl 5128 Al el Ol
SIS b5l dals slaege 4 Cod s
o Ol 53 &S sk a4 ing Sl s 6 i
33 peeelS SSY Ll S s e 5 A
Cils 5l e yee VL Jlast sT e b (A S2)
A eS1 BT sla 5l e g (Rl e g
Sl sSul GlaST s GYBE Gl senss ST s 5
SIS LS 5 5 5 s, 05568 5 sl
N W VNS B PN P ELP =
L3S o boge 53 SlanST o co b sl sl
s Sl sl Bl ol S e Rl
sdalie ol dalllas 53 Sy Sl ol 5 IS A3 5 000
Ol e by SlaSt 2T e b sl ol 1l
O N W ] G A N S e-0
-1 b all (YY) 0l,Kes 5 Aghdam .l
peedS IS las b1y asl JBS lae g Sl

SIS slpe A5 5l a1y O 5 L3S 518

M Calcium lignosulphonate

a
c c bc b ke
d de - de -
5C H £
40
3C H
20 A
1C +
O |
C 45 90

P g P

Storags times (Day)
5w W1 dsb 53 G s DPPH 5151 s, Sl b p el s il b bl 5 S e 56 A S

LI (g, s D gls A ;3 0 cln.a).: ISl 051 el alie Gy l,ls sl Kl

Fig 8. Effect of preharvest treatment of different calcium sources on DPPH scavenging capacity of pears during cold

storage. Means with the same letters is not significant at 5% level of Duncan test

140



VWAA il 9 5l ) o lack cagn 0,90 (il OLALS Aalis sale dg puls

SS PH hls sl jlad lacss a5 dsls QLA
Sloesee 53 PH O35 (b &5 Loy dald 4 oo
O s S SsSB4 Olpe 1) ek Sled
S slasha s sls o T gladeul i 5 ks
DU L3 e Jsb s pH 5 endS IS L s
Slaesee Jy S3b SRl adS Slad 5 dald s 5
Sk s als & ol 1) 50wl PH ol L

¥ s 5 3135 ¢,5) sl 0L

3.8 -
Control

Calcium lactate

3

o9m0 UT pH
S U 8 sl DL esls Sty a b
ogee ol PH Jllis 53 ewndS Ciliss LS 5 L 5L
Ol 5 sles Saa g gy Ol s Sl sme
ks alin S el o s e f
r:.....ls.b_‘/,ks)) S 5 Jals ys pH o o niy Laesls
sy 5l g8 Saldsle (4 JKS) S edalis
53 PH Oljee o 2y 50 aads Jalb o ds’ SlsY
35305 (o3l » (Barzegar et al., 2018) 4i sdalin dali
peedS LIS Bl sl L S5 00 (1YY O

a
ab
b
b I

Caleium
lignosulphonate

Calcium chloride

3

Treatment

wlie Sy (slyls s Sile s pm JUI dgb 53 (I8 53 PH ) endS Cilises s b cdls 51 5 las 56 8 S

LI gl e gl Ao 5 O ch.a 28 5SSl b,aﬂ bl

Fig 9. Effect of preharvest treatment of different calcium sources on pH of pears during cold storage. Means with the

same letters is not significant at 5% level of Duncan test.

b o a5 U el g e el S sSl
LI wols ol s zolae MF Sle )Ll 690
Pl g S B (Sloyldl jee PN 4 axg
SlS 5 ol ) eolaiwl (DS o SlansT
0,90 roelS GlaSad G 5l 09 o Arogi (semlS
i paeedS SUgd gl ialej] cpl jo solal
o S o8 ppaliyy oS slaal liee 50 1, 5l
4 elple il laaSgigdls jlade 5 JS penlS jlade

33,5 o (e rlin (condS Lo Glge

141

S S i

SlaS 5 SBhskre &5 55 (e Gl e 4MS by
Slos jladie cogee 8L (Jhw p )locine Sl cordS
oelS 5 3 paaltyg oS sl (S Jslone sl
by il oy 5 S ST sl cllis (S
sloses booad (Ah sle slajles (IS 5k
S=Sojlal Slaio o e Ol 3l cewdS LS
SRl Jed 5l alendign Olpsd 5 bl ead



VWAA il 9 5l ) o lack cagn 0,90 (il OLALS Aalis sale dg puls

Ll

sl s KST0 35 bl M 050 CodS 5 s 5 podS (2 home S NYAY €Sl (S5 5m 5 00 ol oS (bt

AT oo ((V8) § ojlad (2l s ol Y puame

9 VG)‘ dwi‘). 3 J‘:“iﬁ.) L;thu'\}g- Lj.})lﬂfﬂ “ \:,.A}L;.A IR AYa0 e ‘(J—iﬂ E) oJ (P 4..&;:@4&))\: "d: L‘_QJ?;_)}}.'
OMV =M oo (1) 0 ojlad ( JLEL psle 4 i dgie s ol s s 8 Gl sle 55

e gl oS0 @L(.i_}l: sl ol el 5 2L rjl.a 33 Jali.i__»uﬂ G308 e sy VAT o g s s
e ol Sl 1 5 0Ll e 4di J gl ATAY e SLBLD
5 il Sslee (535S s 5 Uhisel «Dlikes Olosle SiLasl a5 el (it LS IS YA (- (elllie
O ARNTITY RCR P Rt P
Y NN e (N0 oyl ((isliS Stass) ALS Sl (sl 55 35S 035 e o L) e 5 AS
» A_,%-.:.‘Lﬂ .L;w.:‘ 3 (.,...JS .L:JJS C,«J\éf )\ J,j LS"NL* lew J“JU AYayv “z r ‘6)@ 9 e s e e ‘;\J*.» LS"]"
Vi- B Yy o)Lq...i L‘;/LGL f_}lﬁ 4:1/..‘;44.)‘:‘;: k.«<..2)) a)'u 0 4a0 C,..:JL:S B L;ik':“‘:‘;};"i)?e CJL:J}&
Ol oils lsLesl 0L JLel p ke 53 sl 4 AT gla s, ITAL (O (o 5 (S (b sms
L;:LJ«L r)l& 4:’)“:"’ L;.J:js 9 Lu).b\.:...u‘ CGJ Lf’% JLA_)LJ‘ \L\.:.d.:s 2 ”E)jjlg clle 9 C,.&‘J)_: @)U J,:.?U AY4. “LI:’ mb"&:}
YEX-Yor Lan (V0 (53,58 b 5 o 5le)
Aghdam, S.M., Dokhanieh, A.Y., Hassanpour, H., and Fard, J.R. 2013. Enhancement of antioxidant capacity of
cornelian cherry (Cornus mas) fruit by postharvest calcium treatment. Scientia Horticulturae. 161: 160-164.
Ahmed, M., and Anjum, M.A. 2010. In vitro storage of some pear genotypes with the minimal growth technique.
Turkish Journal of Agriculture and Forestry. 34: 25-32.
Barzegar, T., Fateh, M., and Razavi, F., 2018. Enhancement of postharvest sensory quality and antioxidant
capacity of sweet pepper fruits by foliar applying calcium lactate and ascorbic acid. Scientia Horticulturae. 241:
293-303.
Bhat, M.Y. Hafiza Ahsan, F.A., Banday, F.A., Dar, M.A., Imtiyaz Wani, A., and Hassan, G.I. 2012. Effect of
harvest dates, pre harvest calcium sprays and storage period on physico-chemical characteristics of pear cv.
Bartlett. Journal of Agricultural Research and Development. 2(4): 101-106.
Dehghan, G., and Khoshkam, Z. 2012. Tin(II)-quercetin complex: Synthesis, spectral characterization and
antioxidant activity. Food Chemistry. 131: 422-426.
Fallahi, E., Conway, W., Hickey, K.D., and Sams, C.C. 1997. The role of calcium and nitrogen in postharvest
quality and disease resistance of apple. HortScience. 32: 831-835.
Fanasca, S., Colla, G., Maiani, G., Venneira, E., Rouphael, Y., Azzini, E., and Saccardo, F. 2006. Changes in
antioxidant content of tomato fruits in response to cultivar and nutrient solution composition. Journal of
Agricultural and Food Chemistry. 54: 4319-4325.
FAO. 2011. FAOSTAT, FAO Statiscal Databases. http://faostat.fao.org.
Freitas, D.S.T., and Pareek, S. 2019. Postharvest Physiological Disorders in Fruits and Vegetables. CRC Press.
Kaijv, M., Sheng, L., and Chao, C. 2006. Antioxidation of flavonoids of green rhizome. Food Science. 27: 110-
115.
Kalra, Y. 1997. Handbook of reference methods for plant analysis. London. CRC press.
Kamal, H.M., Eissa, M.A., and Albayaty, A.A. 2014. Effect of calcium and boron foliar application on
postharvest quality of florida prince peach fruit. Journal of Horticultural Science and Ornamental Plants. 6 (1):
34-40.

142



@8 P g slas gl yal g adiy) Sl y3 Cugl ) Qi g gusg (e sS 9 A w358 0l ylSan g Al Al g

Kou, X.H., Guo, W.L., Guo, R.Z., Li, X.Y., and Xue, Z.H. 2014. Effects of chitosan, calcium chloride, and
pullulan coating treatments on antioxidant activity in pear cv.“Huang guan” during storage. Food and
Bioprocess Technology. 7(3): 671-681.

Manganaris, G.A., Vasilakakis, M., Diamantidis, G., and Mignani, I. 2007. The effect of postharvest calcium
application on tissue calcium concentration, quality attributes, incidence of flesh browning and cell wall
physicochemical aspects of peach fruits. Food Chemistry. 100(4): 1385-1392.

Naser, F., Rabiei, V., Razavi, F., and Khademi, O. 2018. Effect of calcium lactate in combination with hot water
treatment on the nutritional quality of persimmon fruit during cold storage. Scientia Horticulturae. 233: 114—
123.

Ochei, C.0O., Basiouny, F.M., and Woods, F.M. 1994. Calcium mediated postharvest changes in storage ability
and fruit quality of peaches. Proceedings of the Florida State Horticultural Society. 106: 266-269.

Ramezanian, A., Rahemi, M., and Vazifehshenas, M.R. 2009. Effects of foliar application of calcium chloride
and urea on quantitative and qualitative characteristics of pomegranate fruits. Scientia Horticulturae. 121: 171-
175.

Ruoyi, K., Zhifang, Y., and Zhaoxin, L. 2005. Effect of coating and intermittent warmingon enzymes, soluble
pectin substances and ascorbic acid of Prunus persica (Cv. Zhonghuashoutao) during refrigerated storage. Food
Research International. 38: 331-336.

Silveira, A.C., Aguayo, E., Chisari, M., and Artes, F. 2011. Calcium salts and heat treatment for quality retention
of fresh-cut ‘Galia’ melon. Postharvest biology and technology. 62: 77-84.

Singleton, V. L., and Rossi, J. A. 1965. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic
acid reagents. Enology and Viticulture. 16: 144-158.

Spinardi, A.M., 2005. Effect of harvest date and storage on antioxidant system in pears. Acta Horticulturae. 682:
135-140.

Tsantili, E., Konstantinidis, K., Athanasopoulos, P. E. and Pontikis, C. 2002. Effects of postharvest calcium
treatments on respiration and quality attributes in lemon fruit during storage. The Journal of Horticultural
Science and Biotechnology. 77: 479-484.

Valero, D., and Serrano, M. 2010. Postharvest biology and technology for preserving fruit quality. CRC press.
Wang, Y., and Long, L.E. 2015. Physiological and biochemical changes relating to postharvest splitting of sweet
cherries affected by calcium application in hydrocooling water. Food Chemistry. 181: 241-247.

Wojcik, P., 2012. Quality and ‘Conference’ pear storability as influenced by prehar-vest sprays of calcium
chloride. Journal of Plant Nutrition. 35, 1970-1983.

Wojcik, P., Skorupinska, A. and Filipczak, J. 2014. Impacts of preharvest fall sprays of calcium chloride at high
rates on quality and ‘Conference’pear storability. Scientia Horticulturae. 168:.51-57.

Zhi, H.H., Liu, Q.Q., Dong, Y., Liu, M.P., and Zong, W. 2017. Effect of calcium dissolved in slightly acidic
electrolyzed water on antioxidant system, calcium distribution, and cell wall metabolism of peach in relation to
fruit browning. The Journal of Horticultural Science and Biotechnology. 1-9.

VFY



VWAA il 9 5l ) o lack cagn 0,90 (il OLALS Asdis sale dg pulis

Effects of pre-harvest calcium compounds foliar application on quality and

antioxidant properties of pear cv “Dargazi”

Farhad azizi!, Farhang Razavi?", Vali rabiei 3, Akbar Hassani*
1- M.Sc. Student, Department of Horticultural Sciences, Faculty of Agriculture, University of Zanjan,

Zanjan, Iran. farhad.azizi186@gmail.com

2*-Corresponding Author, Assistant Professor, Department of Horticultural Sciences, Faculty of Agriculture,

University of Zanjan, Zanjan, Iran. razavi.farhang@znu.ac.ir
3- Associate Professor, Department of Horticultural Sciences, Faculty of Agriculture, University of Zanjan,
Zanjan, Iran. rabiei@znu.ac.ir

4- Assistant Professor, Department of Soil Sciences, Faculty of Agriculture, University of Zanjan, Zanjan,

Iran. akbar.hassani@znu.ac.ir

Accepted Date: 2019/09/30 Received Date: 2019/08/07

ABSTRACT

Introduction:

Nowadays, application of chemical compounds is limited due to their harmful effects on
human health and environmental. Therefore, it is required to find safe compound that
utilized in postharvest technology of fruit and vegetable. Calcium is regarded as a safe
and potentially effective element for increasing the quality and storage life of several
fruit. Pre and postharvest treatments with dilJerent calcium salts have been ellective in
maintaining cell wall stabilization and integrity, enhancing antioxidant capacity, delaying
the ripening process, alleviating chilling injury, controlling postharvest decay and
reducing physiological disorders of horticultural crops. However, there is little
information about the effects of different calcium sources on bioactive components,
antioxidant properties and quality attribution in pear fruits. Thus, the aim of this study
was to investigate the effect of pre-harvest foliar application of calcium chloride, calcium
lactate and calcium lignosulphonate on important quality characteristics, antioxidant
properties and storage life of pear fruits.

Material and Methods: The experiment was carried out on 8-year-old pear [Pyrus
communis (L.) ‘Dargazi’] trees, in a commercial orchard located in the Zanjan (Abhar).
Trees were selected with uniform size and fruit load and sprayed with different calcium
sources (calcium chloride, calcium lactate and calcium lignosulphonate) at concentrations
of 3% on whole tree and control trees receiving only water. Foliar spraying was
performed in two stages, (two weeks and three days before commercial harvesting) onto
the leaves and fruits until runoll, and Tween 20 (0.04% v/v) was used as a surfactant.
Pear fruit were harvested at commercial maturity stage, and transferred to the laboratory
on the same day. The fruits were selected for uniform size and absence of mechanical
damage, and then one group was analyzed 1 day after harvest and another groups stored
at 2+1°C and 90% RH for 90 d. At 45-day intervals, stage, and transferred to the
laboratory on the same day. The fruits were selected for uniform size and absence of
mechanical damage, and then one group was analyzed 1 day after harvest and another
groups stored at 2+1°C and 90% RH for 90 d. At 45-day intervals, Chicago, IL, USA).
The significance of the dilJerences was determined by Duncan’s test (P < 0.05).

Results and Discussions:

The results showed that different calcium sources significantly maintained content of
total soluble solids, firmness, vitamin C, total phenolics and antioxidant capacity. Our
results showed that a preharvest application of calcium salts increased calcium content of
pear fruits. At 90 days, the highest amount of total acidity was obtained in calcium
lignosulphonate treated fruits. However, the content of ascorbic acid, total phenolics,
and flavonoids were higher in treated than in control pears, leading to fruit with high
bioactive compounds and antioxidant potential at commercial harvest and during
storage. Thus, preharvest treatments with different calcium sources could be promising
tools to improve calcium content and health beneficial effects of pear fruits.

Keywords: Calcium salts, firmness, fruit quality, storage life
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