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Table 1- ANOVA of the effect of calcium chloride, putrescine and salicylic acid on different characters of Hindi ber (Ziziphus
mauritiana cv. khormaee) fruit
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& Degrees of Vitamin = ¢! Jsloee Lo Fruit juice  Diameter Length Firmness
5.0V Freedom C TA TSS Pulp to seed volume
ratio
S5 2 263" 00187  2.84™ 2,017 106.8" 0.68™ 0.6 0.59"
Replication
s 8 77087 0.0247 347" 1.88" 13427 4447 1260 2097
Treatment
s 16 87.1 0.001 2.06 0.03 6.6 0.38 1.2 0.01
Error
CHVE JU 11.5 35 113 1.8 9.6 24 3 2.7

(%)
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**and ns: significant at 1% and non significant, respectively

loyd B,y g JUS bgae B Olho 3 duw! Samd o g Cpaw 3392 oS a0 157 31 (il ylg @9 5505 =) Jgaa aoldl
Continue of table 1- ANOVA of the effect of calcium chloride, putrescine and salicylic acid on different characters of
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Replicati 2 0.87™ 28.1 ns 1.9 ns 15.2 ns 14 ns 0.4 ns 0.55 ns 0.55 * 853.3ns  177040.1 *
on
)L“,‘.:’ *k
Treatme 8 7.06 64.2%* 38.7%* 46.6%* 4.9%* 10.1 ns 3.33%* 3.31%** 2381.7** 184859%**
nt
s
16 1.07 10 1.7 53 5.5 2 0.12 0.12 494.8 4709
Error
copd
ol s 7.5 314 1.2 6 7 13.6 12 15.2 17.1 13.1
(CV7)

Hindi ber (Ziziphus mauritiana cv. khormaee) fruit
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***and ns: significant at 5%, 1% and non significant, respectively
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Table 2- Effects of of calcium chloride, putrescine and salicylic acid on different characters of Hindi ber (Ziziphus mauritiana
cv. khormaee) fruit
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N Firmness Length  Diameter Jjuice Pulp to seed : Vitamin C
Treatment (ke/em?)  (mm) (mm)  volume ratio Joe  TA (011009 )
(ml) () TSS
Control c b c c b a d d
s 3.23 34.60 24 19.33 8.63 12.97 0.88 62
CaCl, 0.5% .
dopd [0 S WIS 4.87% 39.23% 26.60%° 27.67% 10.19° 9.36 1.0b80 88.67%°
CaCl, 1.5% Logr
203 M0 S I8 4.63° 37.97% 27.37° 33.67° 10.40° 9.46° o 7 78°
Putrescine ImM
Yoo o) ey 4.56° 39.30° 25.93° 28% 10.15° 9.90" 0.95% 93.33%
Putrescin 2mM
N, Y ey
oo kel G2 4,92 38.87° 26.20° 29% 10.06* 9.96°  0.90% 98?
Salicylic acid IMm
oo e Vel Sloudlo 5.2° 37.57% 25.53° 24.67% 9.89° 8.86° 1.13% gge
Salicylic acid 2mM
Y 4.96% 38.27° 25.60° 29.67% 10.43° 9.53% 0.99% 84
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In each column, each data followed by the same letters indicate no significant difference in the level of 5% by Duncan’s multiple
range test.
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Figure 1- Effects of preharvest application of calcium chloride, putrescine and salicylic acid
on antioxidant activity of Hindi ber (Ziziphus mauritiana cv. khormaee) fruit. Same letters indicate no significant difference
in the level of 5% by Duncan’s multiple range test
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Table 3- Effects of calcium chloride, putrescine and salicylic acid on different characters of Hindi ber (Ziziphus mauritiana
cv. khormaee) fruit

)l Jidg 5 Jidg 5 5,8 .
Treatment Chlorophylla  Chlorophyllb ~ Carotenoid . o p- ~ Chromaindex  Hueangle
(mg/g FW) (mg/g FW)  (mg/g FW)
COIltI'Ol c cd a a a a b d
s 0.45 0.11 3.59 55.66 8.32% 3421 35.59 103.2
CaCl, 0.5%
20y3 + [0 S IS 0.56" 0.16* 1.72% 41.30°  9.78°  31.87° 43.34° 107.3¢
CaCl, 1.5%
1Bl IS 0.48% 0.13% 1.90% 4973  1127° 35.86° 45.89° 108.1%
doyd )
Putrescine ImM
Vo ol aw e 0.49% 0.11%¢ 2.63° 46.63 11.98* 32.15° 37.67° 110.3%
Putrescin 2mM
Yso LoV e 0.57% 0.14° 1.15° 52.95*  12.87° 34.78° 38.98° 110.
Salicylic acid IMm
Voo (o Vel bl 5.53%® 1.435° 1.25° 47.10% 11.11%* 34.97° 34.46° 108.7%
Salicylic acid 2mM . b . b . . b b
5.82 1.469 1.35 51.10°  12.36° 34.23 36.39 110

Yo e V Sildls

ol Sl (glaials dix 905l 51 ookl b duoyd O pdaw 13 I xe M3 pae S5l aliie gy danjless 5| S ya gt ym
In each column, each data followed by the same letters indicate no significant difference in the level of 5% % by Duncan’s multiple
range test.
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Introduction: Ziziphus mauritiana is a drought-tolerant fruit tree that originated in Central Asia.
Ziziphusmauritiana v. khormaee is one of the cultivars of Hindi Ber which was favored by many people in the
worldand Iran. Maintenance of fruit quality is critical while employing any new technology for increasing
production. Fruit quality such as color, firmness, size, antioxidant and pulp to seed ratio had important role in
marketability of fruits that can be affected by some chemicals. The quality of fruit can be influenced by growth
conditions, developmental stage at harvest and postharvest factors. Calcium treatment, either by prearrest foliar
sprays or by postharvest dips, represents a safe and potentially effective method for increasing the quality of
some fruits. Prearrest treatments are more effective when calcium is applied directly to the fruit surface, since
calcium moves in the transpiration stream and little or no subsequent translocation occurs from leaf to fruit.
Calcium is an essential element which involved in cell division, elongation and fruit growth. Polyamines have
the properties of growth promoters. Exogenous application of PAs has been reported to improve fruit retention
and yield of fruits. Although a number of studies demonstrated the significance of PAs in reducing fruit drop and
improving yield in various fruit crops, information on their effects on fruit quality is scant. Salicylic acid (SA) is
an endogenous growth regulator of phenolic nature, which participates in the regulation of physiological
processes in plants. Little information is available on the effects of foliar application of different Pas, salicylic
acid and calcium on the quality of Ber fruit.

Materials and Methods: In this study, we evaluated the effect of foliar application of calcium chloride,
putrescine and salicylic acid in various concentrations on fruit quality and quantity characters of Hindi
ber(Ziziphusmauritiana khormaee). Fruits selected from trees of the same age with branches of the same height

and spraying with calcium chloride (0.5 and 1.5%), putrescine (1 and 2 mM), salicylic acid (1 and 2 mM) and
distilled water (control) in two stages before commercial maturity. First stage, when fruit were 5-10 mm in size
and second stage, when fruit color break. After the harvest fruit were transferred immediately to the laboratory
and measured quantitative and qualitative parameters such as firmness, fruit length, fruit diameter, volume of
fruit juice, pulp to seed ratio, soluble solids, titratable acidity, pH, ascorbic acid, chlorophyll a, b and
carotenoids, color parameters and antioxidant activity. The length and diameter of the fruit were measured using
a micrometer caliper. Total soluble solids (TSS) were determined using a digital refractometer. Firmness values
of each individual fruit were measured at two points of the equatorial region by using a texture analyzer with a 5
mm Lurton 5005 probe. Fruits surface color was measured on individual fruit from each replicate at two opposite
sides using a chromameter (CR 400, Minolta).For vitamin C (ascorbic acid) determination the titrimetric method
with 2, 6-dichlorophenolindophenol reagent was applied. Antioxidant activity of fruit was tested by free radical
DPPH scavenging.

Results and Discussion: The results showed that foliar application of calcium chloride, putrescine and
salicylic acid favorably was effective on quantitative and qualitativecharacteristics Hindi Ber genotype.Kormaed.
In treated fruits, total soluble solids (TSS), carotenoids and a* value were less and degree of firmness, fruit
length, diameter, volume of fruit juice, pulp to seed ratio, titratable acidity, ascorbic acid (vitamin C), antioxidant
activity, chlorophyll a and b, chroma index and hue angle were higher than control. Parameters of L* and b* in
treated fruits had not significant different with control. Control fruits had the minimum carotenoid and the
maximum chlorophyll. Fruit treated with putrescin(2mM) and control has the highest L* value. Different
concentration of treatment that used hadn’t any significant difference with together in antioxidant characters.
Maximum and the minimum firmness were found in salicylic acid (ImM) and control respectively. Among
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different treatments, CaCl, 1.5% showed highest volume of fruit juice of course had not significant difference
with other treatments. The highest total soluble solids observed in control and highest vitamin C value showed
inputrescintreatments

Conclusions: Generally, our result showed treatments that study in this study were effective on quality of
Ber fruit. Calcium chloride (0.5 %), putrescine (2 mM), salicylic acid (2 mM) had the best effect on fruit quality.
Therefor this chemical can be used to improve Ber fruit quality for consumer and marketing.

Keywords: Antioxidant Activity, Color, Firmness, Size, Vitamin C
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