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Table 2- Effect of salicylic acid and calcium chloride spray and storage duration on physical attributes of fresh seedless

Barberry fruit stored at 4+0.5°C

oyl Lo &yl 293 &5 (e o
Parameter Treatments Storage duration (days)" Significance level”
0 30 60 90 A B AxB
e Ver o Control 17.16" 14.83¢ 12.47° 10.13' - - ”
Fresh weight SA ImM 18.43° 16.05° 13.67° 11.29"
of 100 SA 3mM 16.06° 14.23% 12.39% 10.551
berries CaCl, 1% 16.43% 14.34% 12.27% 10.38
© CaCl, 2% 14.70¢ 13.69° 12.69" 11.69¢"
4o Ve Control 19.67" 16.83¢ 14.00¢ 11.17 " " '
Volume of SA ImM 21.00° 17.83% 14.67°% 11.50"
100 berries SA 3mM 20.67° 17.58% 14.50% 11.42"
(cm’) CaCl, 1% 19.33% 16.25%% 13.25¢ 1037
CaCl, 2% 17.33¢¢ 15.92%f 14.50% 13.08¢"
4o Ve ojlas g Control 13.36 11.33¢ 9.17" 7.14 - - )
Juice SA 1mM 14.69* 12.55¢ 10.47° 8.21M
volume of SA 3mM 12.24¢ 10.89% 9.42% 8.021
100 berries CaCl, 1% 13.27% 11.40% 9.831% 7.74
(ml) CaCl, 2% 11.61¢ 11.12¢ 10.18f 9.55¢h

* Different letters across chemicals treatments and storage durations for each fruit attribute shows significant according to Fisher's
Protected LSD test. NS = not significant at (p< 0.05); * and **, significant at p< 0.05 and p< 0.01, respectively. Day 0, at harvest;
SA, salicylic acid.
¥ Simple and interaction effects between major factors (treatments = A; durations = B).
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Figure 1- Simple effects of foliar spray treatments (left) and storage time (right) on physical attributes of fresh seedless
Barberry fruit. (SA;, Salicylic acid 1mM; SA;, Salicylic acid 2mM; Ca;, Calcium chloride 1%; and Ca,, Calcium chloride
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Table 3— Effect of salicylic acid and calcium chloride spray and storage duration on biochemical attributes of fresh seedless
Barberry fruit stored at 4+0.5°C

alyby B Lo Sl 090 S5 (Sxo
Parameter Treatments Storage duration (days)* Significance level®
0 30 60 90 A B AxB
FERWN Control 1.97" 2.72° 3.46° 3.50%¢ - - "
pH SA ImM 2.188 2.84¢ 3.50% 3.57%
SA 3mM 1.81° 2.66% 3.50™° 3.59*
CaCl, 1% 1.94" 2.68° 3.48% 3.57%
CaCl, 2% 1.71 2.58f 3.48™ 3.51%
Joloes sols slga Control 23.33¢ 27.13%® 26.00%4 29.33° ** - ”
TSS SA 1mM 25.53bcde 27.23%® 26.83% 27.50%®
(°Brix) SA 3mM 19.50" 24.33%% 25270 29.37°
CaCl, 1% 19.33f 23.87% 24.25%t 26.15>
CaCl, 2% 19.67" 23.00° 25.01° 29.10°
s B sl Control 3.12% 2.45% 2.73% 2.01° ** - ”
TA SA 1ImM 3.46° 3.12% 2.73% 2.70%
(%) SA 3mM 435 2.45% 2.74% 2.35%
CaCl, 1% 2.34% 2.34% 2.73% 2.46%
CaCl, 2% 3.68° 2.68% 2.56% 1.23°
Sl Sy oS Control 950.7° 504.0¢h 918.7% 41330 ” ” .
Ascorbic acid SA ImM 868.0° 48801 760.0%% 488.0M
(mg/100g) SA 3mM 785,30 612.0%" 661.3%" 372.00
CaCl, 1% 909.3* 454.7" 682.0%" 372.0/
CaCl, 2% 620.0 467.3Y 637.3¢ 364.0/

* Different letters across chemicals treatments and storage durations for each fruit attribute shows significant according to Fisher's
Protected L.S.D. test. NS = not significant at (p< 0.05); * and **, significant at p< 0.05 and p< 0.01, respectively. Day 0, at harvest;
SA, salicylic acid; TSS, total soluble solids; TA, titratable acidity.
¥ Simple and interaction effects between major factors (treatments = A; durations = B).
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Figure 2- Simple effects of foliar spray treatments (left) and storage time (right) on biochemical attributes of fresh seedless
Barberry fruit. (SA,, Salicylic acid 1ImM; SA;, Salicylic acid 2mM; Ca;, Calcium chloride 1%; and Ca,, Calcium chloride

2%)
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Table 4- Effect of salicylic acid and calcium chloride spray and storage duration on weight loss and electrolyte leakage of
fresh seedless Barberry fruit stored at 4+0.5°C

Sl L low Syl oy90 &3 (e o
Parameter Treatments Storage duration (days)" Significance level”
0 30 60 90 A B AxB
O <l Control - 13.60° 26.25% 40.88* ” - ”
Weight loss SA 1mM - 14.19¢ 28.38™ 42.57°
(%) SA 3mM - 10.68°" 21.12¢ 31.52%
CaCl, 1% - 12.96° 21.46 31.73%
CaCl, 2% - 6.70 13.29° 21.10¢
JEPRORY Control 19.08! 26.27" 51.35° 58.67° ” - ”
EL SA 1mM 20.31% 30.868 49.63f 60.07*
(%) SA 3mM 17.76™ 19.43! 50.69° 55.55°
CaCl, 1% 22.38 24.48 49.33f 52.68¢
CaCl, 2% 17.62™ 23.13} 49.74f 58.62°

* Different letters across chemicals treatments and storage durations for each fruit attribute shows significant according to Fisher's
Protected L.S.D. test. NS = not significant at (p< 0.05); * and **, significant at p< 0.05 and p< 0.01, respectively. Day 0, at harvest;
SA, salicylic acid; EL, electrolyte leakage.

Y Simple and interaction effects between major factors (treatments = A; durations = B).

* ) me pae = NS Lol o cladloe o gxe M3 8l yg05l (olul (ool e 031 Ui gee Comoguas yo 13 (65l 0)9d g lajless ;> cglie igy> ™

o9 s = BL il Sl = SA washyy oyl ;5 =Day 0 000 0 ¢ ) zdaws 13 )b me iy *¥
{5sbl sbvoyen = B ilajloi = A) Lol Joloe s ilite g o3l il 1Y



PR Sl sl g S oy 15 etls o 51 i (3 Jokono 5T

Al oAl jlord munlS )51 a5 ol ogie )3 ()5 (RIS Aoy
aS 0l baye il plSouinl g ogue itw i s & Wilg 0
L 02y o 5l Jste slam il colled Jials” 35k 5l baas
o=l a8 (YF) ey o il STy (o5LS Yol & cul Jolu
L oad Jloss slaogee 13 (19 <8l oliee )3 (il Jd> Sl
L o jlow off ogae pd (clasliio gulis sl doyd> ¥ S IS
Sl dpl &8 035 iy sl 0 3l (57) LS omudS
oialS g (Sdplie slasild oy a5 g badijy) (i b
@l =l (FY) 398000 Wogee (g <l doy> el sl (i
5 Lo gl b oatdly oyl el o 5,135 55 (VD) ol gee 5

3)b calhe

40

Csj9 <l

Weight loss (%)

60 -

40 -

8940 394 Tl

Electrolyte leakage (%)

20

M\
M\

AL

NN N\

Control

w
>
w
Z
o
kS

o
Ky

2 o Joloe Lo
Foliar spray treatments

Oj9 S8l ey

deopd (Bl Jobre a8 ams e (L5 B eSSlie i
o (P Jgia) cowloacd Jladine dop> o a3 (g ialS
ol b0 jlas slaogee )3 (jg LR Aoyd cp iy &S 5k
ol o3 ¥ el )18 53 (525268 9 Ve e ) Sibncdls
039 ol Aoy Slolil )93 X Jlags Jilize S1L(V JS3) 45
Sl 3 jlae oy ity g Gl o Hly e o yd S prdaws ) 040
5 SLoslsl il e joy 0 aald 5 Vs ol ) Sl
(F Jgsz) cutly sy sl oo 3 bolos pled ) 2yt

ples 3 bl )93 (b 5> (g cdl o )3 (ol 8l )
A am3 e 5 by slab S 0 oanlie inlesl (slayles
SLobl (b )3 Laogee (59 (2alS doyd Gialjal Jole (s yiots

40 -
@30- :
_ 5 b
32 20 - :
3%
= 10 -
d |}
0 SR, |
$ 60 - b %
5 I I
0 30 60 90
Sl e y93

Storage time (day)

1SA]) A4S (o Sy 05U dga0 (Fgr Cuniid g (339 Sl (Cowly) (6,519, W0 893 g () (50 il Joomo (1 s Lo B3l il 51 - JSS
(weyd ¥ panadS 05 05 1Ca5 9 oy Y oS 0,15 1Cay (Y50 o ¥ Sulaund Lot 2SA; ;¥ g0 o Y Salaand s dnw!
Figure 3- Simple effects of foliar spray treatments (left) and storage time (right) on weight loss and electrolyte leakage of

fresh seedless Barberry fruit. (SA,, Salicylic acid 1mM; SA;, Salicylic acid 2mM; Ca,;, Calcium chloride 1%; and Ca,,
Calcium chloride 2%)
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Figure 4- Simple effects of foliar spray treatments on calcium content of leave (left) and fruit (right) of seedless Barberry at
harvest time. (SA,, Salicylic acid 1mM; SA;, Salicylic acid 2mM; Ca,, Calcium chloride 1%; and Ca,, Calcium chloride 2%)
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Introduction: Seedless barberry (Berberis vulgaris L. var. asperma) is one of the most important
horticultural and medicinal crops and also valuable fruit in South Khorasan province. Fresh barberry fruit has a
very short shelf life, due to the sensitive juicy fruit tissue in the ripening stage and decay during storage. Hence,
most of the harvested fruits are dried traditionally or processed as juice, jam, and other products. However, the
quality of both fresh and dried fruit is low due to different environmental stresses such as drought and salt stress
and consequently deficiency of minerals during growth and development and also at harvest and during storage.
It has been reported that pre-harvest foliar spray of calcium salts and salicylic acid can improve resistance to
pathogens before harvest and reduce physiological disorders during handling and storage in many fruits.
However, there is no information regarding the effect of calcium and salicylic acid spray as well as storage
duration on fresh seedless barberry fruit. The objective of the current study, therefore, was to investigate the
effects of the preharvest application of calcium chloride and salicylic acid on physiological attributes and
postharvest quality of barberry fruits during long-term cold storage.

Materials and Methods: The experiment was conducted as split-plot in time and in a randomized complete
block design with five treatments and in three replicates in the Research Orchard of Agricultural Faculty of the
University of Birjand during 2014. Fifteen similar and 25-years old trees were used for the experiment. Pre-
harvest treatments of foliar spraying were salicylic acid (1 and 3 mM) and calcium chloride (1 and 2%) and
distilled water as control. Sprays were applied at 30 and 15 days before harvest. Fruits were harvested at
commercial ripening stage, packed in plastic boxes and stored at cold room at 44+0.5 °C and 85+5 RH.
Physicochemical and quality evaluations including fruit fresh weight and volume, and juice volumes of 100
berries, pH, total soluble solids (TSS), titrable acidity (TA), ascorbic acid, weight loss, electrolyte leakage of
fruit and calcium content of leave and fruit were measured at harvest and after 30, 60 and 90 days of storage.
Analysis of data was performed using Gen Stat program (ver 12) and comparison of means was done by LSD
test at 5% probability.

Results and Discussion: The analysis of variance showed that the main effects of foliar spray with calcium
chloride, salicylic acid and interaction of treatments were significant in storage time. The results showed that 1
mM of salicylic acid increased the fruit fresh weight, fruit volume and fruit juice, pH, total soluble solids,
ascorbic acid and titrable acidity compared to other treatments. It has been reported that salicylic acid increases
cell division and growth resulting in greater yield. It was also observed that application of salicylic acid at 3mM
reduced electrolyte leakage significantly that can be useful to reduce chilling injury. The lowest weight loss was
obtained in sprayed fruit with calcium chloride (2%) during cold storage, in agreement with the previouswork on
plum. Foliar application of calcium chloride increased the calcium content of leave and fruit, although calcium
application was not a significant effect in fruit tissue. Generally, using of chemical treatments increased the
physicochemical characteristics of the fruit in seedless barberry, among them calcium chloride 2% and salicylic
acid at 1 mM were most effective.

Conclusions: It can be concluded that pre-harvest spraying of seedless barberry shrub with salicylic acid and
calcium chloride can improve the quality of fruit as well as extend the storage life. This is because a foliar
application with salicylic acid and calcium chloride significantly affected fresh fruit weight, weight loss, fruit
volume, electrolyte leakage, pH, TSS, TA and ascorbic acid in treated fruit compared to the control. Salicylic
acid at 3 mM significantly decreased electrolyte leakage, which can be used as a useful tool for increasing
resistance to chilling injury during long-term storage. However, further studies are needed as the effect of
chemical sprays on fruit quality and quantity properties depend on different factors such as tree age and types,
environmental conditions during and after the spray and also chemical concentration.
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