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Abstract

‘Kinnow’ mandarin (Citrus nobilis Lx Citrus deliciosa T ) is an important marketable fruit of the world. It is mainstay
of citrus industry in Pakistan, having great export potential. But out of total production of the country only 10%
of the produce meets the international quality standard for export. Pre-harvest fruit drop and poor fruit quality
could be associated with various issues including the plant nutrition. Most of the farmers do not pay attention to
the supply of micro nutrients which are already deficient in the soil. Furthermore, their mobility within plants is
also a question. Zinc (Zn) is amongst those micronutrients which affect the quality and postharvest life of the fruit
and its deficiency in Pakistani soils is already reported by many researchers. Therefore, this study was carried out
to evaluate the influence of pre-harvest applications of zinc sulfate (ZnSO,, 0, 0.4%, 0.6% or 0.8%) on pre-harvest
fruit drop, yield and fruit quality of ‘Kinnow’ mandarin at harvest. The treatments were applied during the month
of October i.e. 4 months prior to harvest. The applied Zn sprays had significant effect on yield and quality of the
“Kinnow” fruit. Amongst different foliar applications of ZnSO,applied four months before harvest, 0.6% ZnSO,
significantly reduced pre-harvest fruit drop (10.08%) as compared to untreated control trees (46.45%). Similarly, the
maximum number of fruits harvested per tree (627), fruit weight (192.9 g), juice percentage (42.2%), total soluble
solids (9.5 °Brix), ascorbic acid content (35.5 mg 100 g') and sugar contents (17.4) were also found significantly
higher with 0.6% ZnSO, treatment as compared to rest of treatments and control. Foliar application of 0.6% ZnSO,
also significantly improved total antioxidants (TAO) and total phenolic contents (TPC) in fruit. In conclusion, foliar
spray of ZnS0O, (0.6%) four months prior to harvest reduced pre-harvest fruit drop, increase yield with improved
quality of ‘Kinnow’ mandarin fruit.
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Resumo

A tangerina ‘Kinnow’ (Citrus nobilis L. x Citrus deliciosa T.) é uma importante fruta comercializivel do mundo. E
o esteio da inddstria citrica no Paquistdo, com grande potencial de exportacdo. Mas, da produgdo total do pais,
apenas 10% da producdo atendem o padrdo internacional de qualidade para exportacdo. A queda da fruta antes da
colheita e a baixa qualidade da fruta podem estar associadas a varios problemas, incluindo a nutri¢do da planta. A
maioria dos agricultores ndo se preocupa com o fornecimento de micronutrientes que ja sdo deficientes no solo.
Além disso, sua mobilidade dentro das plantas também é uma questao. O zinco (Zn) esta entre os micronutrientes
que afetam a qualidade e a vida pés-colheita da fruta, e sua deficiéncia em solos paquistaneses ja é relatada por
diversos pesquisadores. Portanto, este estudo foi realizado para avaliar a influéncia da aplicagdo pré-colheita de
sulfato de zinco (ZnSO,; 0, 0,4%, 0,6% ou 0,8%) na queda dos frutos na pré-colheita, produtividade e qualidade dos
frutos da tangerina ‘Kinnow’ em colheita. Os tratamentos foram aplicados durante o més de outubro, ou seja, 4
meses antes da colheita. As pulverizagdes de Zn aplicadas tiveram efeito significativo no rendimento e na qualidade
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da fruta ‘Kinnow’. Entre as diferentes aplica¢des foliares de ZnSO, efetuadas quatro meses antes da colheita,
0,6% de ZnSO, reduziu significativamente a queda de frutos antes da colheita (10,08%) em comparagdo com as
arvores de controle ndo tratadas (46,45%). Da mesma forma, nimero maximo de frutos colhidos por arvore (627),
peso do fruto (192,9 g), porcentagem de suco (42,2%), s6lidos soltveis totais (9,5 ° Brix), teor de acido ascérbico
(35,5mg /100 g") e os teores de agticar (17,4) também foram significativamente maiores com o tratamento com
0,6% de ZnSO, em comparacdo com o restante dos tratamentos e o controle. A aplicacao foliar de 0,6% de ZnSO,
também melhorou significativamente os antioxidantes totais (TAO) e os teores fenélicos totais (TPC) nas frutas. Em
conclusdo, a pulverizagdo foliar de ZnSO, (0,6%) quatro meses antes da colheita reduziu a queda de frutos antes da
colheita e aumentou o rendimento com a melhoria da qualidade da fruta tangerina ‘Kinnow’.

Palavras-chave: sulfato de zinco, aplicagao foliar, queda do fruto, rendimento, qualidade, antioxidantes.

1. Introduction

Citrus is the most widely cultivated fruit crop and ranks
first in the world fruits production. Total production of
world citrus industry possesses 12,257 thousand tons with
an area of 8712 thousand ha. Currently in Pakistan different
citrus fruits are planted on an area of 206,569 ha and the
production in 2016 was 2.36 million tons. Currently, leading
citrus-producing countries in the world are Brazil, China,
United States, Mexico, India and Spain which contribute
about 2/3 of worldwide citrus production (FAO, 2017).

Citrus fruits comprise multiple of vitamins, minerals,
fiber and phytochemicals such as carotenoids, flavonoids,
and limonoids which are helpful for human health. Citrus
fruit has antioxidant, anti-mutagenic properties. Due to
these phyto-nutritional properties citrus fruit is considered
to have positive relationship with bone health, reduce risk
of cardiovascular disease and builds-up strong immune
system (Codoner-Franch and Valls-Belles, 2010). ‘Kinnow’
mandarin is one of the very famous cultivars of citrus
known for its unique taste and quality. The climate in
Pakistan provides suitable conditions for the cultivation
of ‘Kinnow’ mandarin. However, citrus crop suffers serious
issues such as poor fruit quality (deteriorated fruit color,
small size) and substantial pre-harvest fruit drop due
to lack of essential macro and micronutrients in soils
(Ibrahim et al., 2007).

Fruit drop is a serious issue faced by citrus growers
as it started from flowering and continues until harvest
(Modise et al., 2009). The pre-harvest fruit drop has become
a recognized problem for citrus growers for many years
(Modise et al., 2009; Omaima and El-Metwally, 2007).
The shedding and falling of mature fruit is a huge loss for
orchardists. Factors that cause the drop of fruit prematurely
include high temperatures, inadequate water supply, wind,
insect-pest, disease attacks and lack of nutrients (Razi et al.,
2011).It is reported that inappropriate use of growth
regulators such as auxins, cytokinins and gibberellins,
the abscission layer is formed on the stem which leads to
increase in fruit drop (Balal et al., 2011; Chen and Dekkers,
2006; Lahey et al., 2004). Another major reason of fruit
drop is improper use of nutrients (Saleem et al., 2005).

Applications of growth regulators or nutrients have
been reported to reduce the intensity of pre-harvest
fruit drop in citrus (Ashraf et al., 2012). Zinc (Zn) is
a vital micronutrient among the different necessary
mineral nutrient which is required for proper activity of
various enzymes, synthesis of proteins and carbohydrates
(Broadley et al.,2007). Zn is also involved in the synthesis
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of tryptophan, which is a precursor of indole acetic acid
(IAA). Similarly, Zn has a pivotal role as a cofactor in enzyme
activities in starch metabolism (Alloway, 2008). Pakistani
soils are Zn deficient due to higher pH (Rashid and Ryan,
2004). Zn spray applied as foliar spray can minimize the
deficiency better as compared to soil application. Due
to lesser mobility in the soils the soil applied zinc is not
fully available to the plants. Furthermore, foliar sprays of
Zn are effective because it is environmentally non-toxic
(EI-Aal et al., 2010; Zodape et al., 2011).

The efficacy of foliar
appliedZnSO,spraytocitrustreesisusuallyrecognized.
However, to the superlative of our information very little
is known in the literature regarding the efficiency of foliar
applied ZnSO, on growth and quality-related parameters
such as level of antioxidants, antioxidative enzymes such as
catalase (CAT), peroxidase (POD) and superoxide dismutase
(SOD) enzymes in ‘Kinnow’ mandarin fruit. Therefore, the
purpose of this study was to examine the effectiveness
of foliar-applied ZnSO, in reducing pre-harvest drop and
improving quality-related attributes of ‘Kinnow’ mandarin
fruit in Pakistan.

2. Materials and Methods

2.1. Plant materials and growing conditions

Commercially cultivated ten-year-old healthy and
uniform disease free mandarin cv. ‘Kinnow’ (Citrus nobilis
Lx Citrus deliciosa T) trees grown at the Experimental
Fruit Orchard Square No. 9, (31°25’N; 73°09’E), Institute of
Horticultural Sciences, University of Agriculture, Faisalabad,
Pakistan were chosen for this study. An experimental
unit was considered as a single tree with four replicates
so a total of sixteen trees were under observation in the
experiment. Nitrogen, phosphorus and potassium (NPK)
was applied at the rate of 1200g, 600g, 600grespectively
to all trees. Full doses of P and K with half dose of N were
applied on 15" February (before flowering) and 2™ half
dose of N was applied on 15® April (after fruit setting). In
the last week of October, the selected trees were sprayed
with different doses of ZnSO, (0.4%, 0.6% and 0.8%) and the
fruits were harvested at the end of January when it was
commercially mature. Tween 20 (0.01%) as a wetting agent
was added for the foliar spray. By using manual sprayer
foliar application was carried out in the morning and all
the trees were thoroughly covered with spray till run-off.
The control trees were sprayed with distilled water only.
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Following parameters were recorded to check the effect
of treatments;

2.2. Pre-harvest fruit drop

The fruit drop (%) was measured according to Khan et al.
(2009) from the tagged branches from four sides of the
plant by calculating the number of fruit per branch at the
two-day interval and at later one-month interval using
the following Formula 1:

Totalfruitdrop

100 (1)
Total fruit set

Fruitdrop % =

2.3. Fruit number and yield per tree

It was counted on 24™ December. To accurately assess
the number of fruit, a small quantity of CaCO, mixture
(lime) was prepared in water just to identify the branches
and the bamboo sticks fixed with fine cotton cloth were
immersed in the CaCO, mixture to mark the fruit number.
The average weight of the fruit was multiplied by total fruit
number to calculate the total yield per tree.

2.4. Fruit weight, peel and pulp weight, peel to pulp ratio
and juice contents (%)

Ten fruits were selected weighing on a digital weighing
balance. The total weight of the fruit was divided by the
fruit number to get average fruit weight. The fruit peel
was removed by hand and the peel weight was taken.
The average pulp content was estimated by means of
subsequent Formula 2:

Pulp Weig}ﬁ(%):MX]oo (2)

Fruit weight average

Peel to pulp ratio was estimated by dividing the peel
by the subsequent value of the pulp.

‘Kinnow’ fruit Juice sample (10 fruit) was extracted
and weighed to estimate the fruit juice (%) by means of
subsequent Formula 3:

Juice weight average

Juice Contents (%) = %100 3)

fruit weight average

2.5. Total Soluble Solid (TSS) and Titratable Acidity (TA)

By using a refractometer (RX 5000, Atago, Japan), the
content of TSS in the juice was assessed. The TA of the juice
was calculated using the process described by Khan et al.
(2009). By using 2-3 drops of phenolphthalein as an
indicator, TA was determined by titrating 5 mL of juice
and using 0.1 N sodium hydroxide (Formula 4).

TA("/) 0.1N NaOH x 0.0064 x 100 4)
b) =
Fruit juice used (ml)

2.6. Ascorbic acid contents

It was estimated according to the titration process
defined by AOAC (2000). Take Five mL of frozen fruit
juice into a 100 mL volumetric flask and make up to
volume by adding 0.4% oxalic acid solution. Take Out
from these5 mL filtrated aliquot and titrated against 2,
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6-dichlorophenolindophenol dye to the end of the light
pink colour for at least 15 sec and was expressed as mg
100g'FW.

2.7. Sugar contents

The sugar contents in the juice were determined by
using the process Khan et al. (2009). A juice sample
(10 mL) taken from a 250 mL volumetric flask was
mixed with 25 mL lead acetate solution (25%) and
10 mL potassium oxalate (20%) and the volume was
prepared 100 mL by mixing distilled water. The filtrate
was used to estimate several forms of sugars. The
titration method was used for the measurement of
sugar content. By using the following Formulas 5 to 7
the values were calculated.

Total sugars = 25x (%) (5)

Reducing sugars = 6.25 x (%) (6)

Non reducing sugar = 0.95 x ( total sugars % — reducing sugars%) (7)

X= standard sugar solution volume (mL) titrated against
10 mL Fehling’s solution;

Y= sample aliquot volume (mL) used against 10 mL
Fehling’s solution;

Z=sample aliquot volume (mL) titrated against 10 mL of
Fehling’s solution.

2.8. Total antioxidants (TAO) and total phenolics (TPC)

TAO in the ‘Kinnow’ fruit juice was determined by
Mimica-Dukic et al. (2003), using 2, 2-diphenyl-1-
picrylhydrazyl radical (DPPH) assay. The DPPH solution
(0.004% methanol) was mixed with supernatant (50
pl) in the microtubes and incubated in the darkness.
Folin-Ciocalteu was used to determine the TPC of
‘Kinnow’ fruit by technique as described by Ainsworth
and Gillespie (2007). The results of TPC (mg GAE 100g")
and total antioxidants (% inhibition) were noted using
a spectrophotometer (2-8200 Series Polarized Zeeman,
Hitachi, Kyoto, Japan) at765 nm and 517 nm wavelength,
respectively. % DPPH Inhibition was estimated by using
Formula 8:

1% Ab- As
b=

x100 (8)

Ab = mixture of blank
As = Mixture of sample

2.9. Enzyme assay

After homogenization frozen juice sample (1 g), using
2 ml phosphate buffer (7.2 pH) and centrifuged at 10,000
x g for 5min at 4 °C was used to estimate enzymatic
actions of CAT, POD and SOD. Supernatant was collected
and used to measure the activity of antioxidant enzymes
(Liu et al., 2011).
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3. Statistical Analysis

Randomized Complete Block Design (RCBD) was used for
this study. The Data were subjected to Analysis of Variance
(ANOVA) by using Statistix ver. 8.1 (Analytical software,
Tallahasee, USA) and least significant difference (LSD)
test was used to compared treatment means at P < 0.05
(Steel et al., 1997).

4. Results

4.1. Pre-harvest fruit drop

It is obvious from the data that fruit drop values were
affected significantly by the Zn sprays as compared to
control. Irrespective of treatments, trees sprayed with
ZnS0, exhibited a significant reduction in pre-harvest
fruit drop (Table 1). Though, all the treatments were able
to reduce fruit drop significantly of “Kinnow” mandarin;
however, sprays of ZnSO4 @ 0.6% showed least fruit drop
(10.08%) followed by ZnSO, sprays @ 0.8% (15.03%) and
ZnSO,@ 0.4% (17.69%). The trees receiving distilled water
sprays (control) exhibited highest percentage of fruit drop
(46.45%) which was 4.6 folds higher as compared to the
plants treated with ZnSO4 @ 0.6%.

4.2. Fruit physical characteristics and yield per plant at
harvest

Number of fruit per plant, fruit weight, and juice
contents were significantly affected in treated fruits as
compared to untreated fruits (Table 1). Moreover, data
regarding fruit number (Table 1) showed a significant
increase in fruit number in the trees which were sprayed
with different levels of Zn sprays. The highest values in

terms of fruit number were noted in trees sprayed with
0.6% ZnSO, (627), which is about 1.67-fold higher in
contrast to control trees which exhibited least number of
fruit (374) as compared to rest of the treatments (Table 1).
It is evident from Table 1 that all the treatments were
found effective in improving fruit weight significantly of
“Kinnow” mandarin, yet, highest increase in fruit weight
(1.21 fold) was found in the fruits obtained from the
trees receiving 0.6% ZnSO, spray treatment four months
before harvest. Furthermore, the trees treated with 0.6%
ZnS0O, showed maximum juice weight 1.46-fold more as
compared to untreated trees (Table 1). Similarly, other
physical characteristics of fruit i.e. peel weight, pulp weight
and peel to pulp ratio were also affected significantly by
the treatments. All the treatments significantly reduced
these physical characters as compared to control (Table 1).
Control trees exhibited about 1.33, 1.12 and 1.18 fold higher
peel, pulp weight and peel to pup ratio respectively, than
the fruit of trees treated with 0.6% ZnSO, respectively.

The effect of all the treatments of ZnSO, on yield of
“Kinnow” mandarin trees has been shown in Table 2. It is
clear from the data that all of the treatments effectively
increased fruit yield as compared to control. Maximum fruit
yield was achieved by spraying 0.6% ZnSO, (120.89 Kg), on
the other lowest fruit yield (59.59 Kg) was recorded in the
trees which did not receive any sprays of micronutrient.
Correspondingly, 0.6% ZnSO treated trees showed about
2.02-fold higher yield in contrast to untreated trees
(Table 2). Other treatments of Zn as micro nutrient spray
produced intermediate results.

5. Biochemical Parameters

Data presented in Table 3 exhibits that total soluble solid
contents (TSS) of fruit juice were significantly (P < 0.05)

Table 1. Effect of exogenous ZnSO, application on pre-harvest fruit drop.

Pre-harvest fruit
Treatments

No. of fruit per tree

Fruit weight Juice contents (%)

drop
Control 46.45+1.26 a 374.02+3.24d 159.32 + 1.68d 28.900 +0.83d
0.4% ZnSO, 17.69+0.85b 461.81£5.05 ¢ 173.93 £ 1.48c 34.947 + 0.55¢
0.6% ZnSO, 10.06 +0.52 d 627.03 +22.41a 192.91 + 1.08a 42.230 +0.97a
0.8%ZnSO, 15.03+0.56 ¢ 510.61£6.86 b 187.40 + 0.90b 38.210 + 0.66b
LSD 2.47 35.15 4.4538 2.72
Table 2. Effect of exogenous ZnSO, application on peel, pulp weight and peel: pulp ratio.

Treatments Peel weight (g) Pulp weight (g) Peel: Pulp ratio Yield per tree (Kg)
Control 42.77+0.94 a 29.33+042a 1.46+0.02 a 59.59+0.71d
0.4% ZnSO, 38.77+0.62b 2754+042b 141+0.03a 80.32+1.14c
0.6% ZnSO, 3213+053d 26.18+0.24c 1.23+0.01¢ 120.89+ 3.68 a
0.8%ZnSO, 35.98+0.61c 26.88 +0.24 bc 1.34+0.02 b 95.69+1.43 b
LSD 2.21 1 0.06 5.85

In each column the means showed different lettersfor peel weight are significantly different from one another. Same letter means in each column
are not significantly different at P < 0.05for pulp weight and peel: pulp ratio using LSD test.
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Table 3. Effect of exogenous ZnSO, application on TSS, TA, TSS: acid ratio, ascorbic acid contents and total sugars.

Treatments TSS (°Brix) TA (%) TSS: acid ratio A(Slflzﬂl)(l)i)gcll)d Total Sugars (%)
Control 8.20+0.06d 0.59+0.03 ¢ 14.0+0.70 a 28.08+0.49d 9.53£0.34d
0.4% ZnSO, 9.06+£0.02 ¢ 0.78 £0.02 a 11.68£0.27 b 32.70+0.44 b 12.72+ 0.36¢
0.6% ZnSO, 949+0.02a 0.68+0.01b 13.98+0.24a 3546+042a 17.36£ 0.36a
0.8%ZnSO, 9.33+0.04b 0.73+0.02 ab 12.89 £0.27 ab 3110041 ¢ 14.26 £ 0.52b
LSD 0.14 0.07 135 148 0.96

In each column the means showed different letters forTSS and ascorbic acid contents are significantly different from one another. Same letter
means in each column are not significantly different at P < 0.05 for TA and TSS: acid ratio using LSD test.

Table 4. Effect of exogenous ZnSO, application onfruit quality enzymes and phytochemicals.

Treatments (U mgc‘ll\):otein) (U mg'sl(z)Drotein) (U mgl:(l’)?'otein) Ant;:))(ti?ilants (;;tg:\g :1(:(;1 g(f‘hl;/s\l)
(% inhibition)
Control 30.83+2.53a 11451111 a 1140+ 1.01a 40.32+0.30d 14468 +1.73d
0.4% ZnSO,, 3149+181a 118.05+0.35a 1431+161a 44.40 £ 0.96¢ 173.04 + 1.80b
0.6% ZnSO, 3294+029a 118.49+0.33 a 14.09+133a 53.25+0.97a 20532 +2.15a
0.8% ZnSO, 31.27+£332a 119.12+0.24 a 1293 +1.26a 48.51 +0.65b 164.89 £ 0.95¢
LSD 7.70 3.09 4.63 2.07 5.01

Same letter means in each column for each enzymeat each concentrationare not significantly different at P < 0.05 using LSD test.

affected by foliar application of ZnSO, All the treatments
were able to increase significantly the TSS values of fruit
juice as compared to control, yet, ZnSO,@ 0.6% exhibited
the highest values of TSS as compared to the rest of the
treatments (9.49 'Brix), followed by 0. 8% ZnSO,treatment
(9.33'Brix) and 0.4% ZnSO,(9.06 Brix) sprays 4 months
before harvest. Fruit harvested from the trees which
received only distilled water sprays as treatments (control)
had least values in terms of total soluble solids (8.20 ‘Brix).
It is obvious that foliar application of ZnSO,was able to
increase the value of TSS upto 1.16 fold than the untreated
fruit (Table 3).

Concerning TA (%) values, data in Table 3 revealed a
significant increase in the acidity values by the application
of different levels of ZnSO, treatments as compared to
control. Highest values of TA was observed in the fruit which
received 0.4% ZnSO spray treatment (0.78%), followed by
0.8%ZnSO,spray treatment (0.73). Both of these treatments
were statistically at par but significantly better than the
other treatments including control. 0.6% ZnSO, spray
treatment though had least values of titratable acidity
(0.68%) among the different levels of Zn, yet it proved to
be better when compared with control which exhibited
least value in terms of titratable acidity i.e. 0.59% (Table 3).

Ascorbic acid values of “Kinnow” fruit juice were
also affected significantly by different sprays treatments
(Table 3). The effect of Zn was more pronounced
when it was applied in the form of ZnSO, @ 0.6% with
values of 35.46 mg/100 FW, followed by ZnSO, @ 0.4%
(32.70 mg/100 g FW) and ZnSO, @0. 8% (31.10 mg/100 g FW),
while control exhibited least values in terms of ascorbic
acid contents i.e. 28.08 mg/100 FW. ZnSO,@ 0.6% treated
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fruit had 1.26 times higher levels of ascorbic acid as
compared to the fruit produced by control trees (Table 3).

When values of sugar contents (total sugars) of fruit
juice of “Kinnow” mandarin were compared amongst
the treatments, Zn treated fruits exhibited significantly
higher values of all these sugars contents as compared
to control (Table 3). Highest values of total sugars were
obtained when the fruits were treated with ZnSO, @0.6%
before 4 months of harvest on tree (Table 3). ZnSO,@ 0.6%
was able to improve the total sugar contents of the fruit
juice, and 1.8 folds higher values as compared to control
which exhibited least values of total sugars amongst all
the treatments i.e. 9.53%.

6. Enzymatic and Non-Enzymatic Antioxidant
Compounds

Data in Table 4 reveals that enzymatic antioxidants
i.e. CAT, POD and SOD were not affected significantly
by different treatments. It is obvious from the data that,
though non-significantly yet, the treatments were able to
maintain higher levels of these enzymatic antioxidants
in the fruit juice as compare to control which exhibited
the least value for these enzymatic antioxidants (Table 4)

Non enzymatic antioxidants i.e. total phenolics and
total antioxidants of fruit juice of “Kinnow” mandarin
were affected significantly by the treatments (Table 4).
All the treatments of Zn sprays proved to be significantly
superior in improving the non-enzymatic antioxidants
of fruit juice as compared to control. Though all the
treatments were able to maintain higher levels of total
phenolics yet, ZnSO4 @ 0.6% proved to be statistically
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better in comparison with other treatments in improving
the TPC of the fruit at harvest (Table 4). Lowest value of
TPC was recorded in control (Table 4). The harvested
fruit from the trees sprayed with 0.6% ZnSO exhibited a
highest TPC value (205.33 mg GAE100 g-1 FW) which was
about 1.42-fold than the fruit which was harvested from
untreated trees (Table 4).

Avery similar trend for total antioxidants was observed
by the treatments during the study (Table 4) where
treatments had significant effect on the values of total
antioxidants at harvest. An increase in total antioxidants
was noted by all the treatments. Maximum value of total
antioxidant was calculated in the juice obtained from the
fruit which received the ZnSO4 @ 0.6% spray treatment
before harvest (53.25%) followed by ZnS04 @0.8% (48.51%)
and ZnSO4 @ 0.4% (44.40%). Least value for total antioxidants
was observed in untreated fruit (40.32%).The fruit of trees
treated with 0.6% ZnSO,increased total antioxidant activity
of the juice by 1.32-fold than control (Table 4).

7. Discussion

Based on the results of analysis of variance, general
positive effects of pre-harvest treatments of Zn sprays have
been observed on fruit drop and overall quality of “Kinnow”
mandarin fruit. In the present studies intermediate dose of
ZnS0, i.e. 0.6% proved to be the most effective treatment
in this regard.

Foliar sprays of all treatments significantly reduced
the fruit drop as compared to control, 0.6% ZnSO, sprays
proved superior in this regard as compared to rest of
treatments in ‘Kinnow’ mandarin. Razzaq et al. (2013)
reported similar results that lowest pre-harvest fruit drop,
highest total fruit number and fruit weight per tree at
harvest in ‘Kinnow’ mandarin by exogenous application
of ZnSO,. Less fruit drops in all treated plants could be
due to less internal ethylene synthesis because internal
ethylene induces the formation of the abscission layer
in pedicle fruit and stem zone. Robinson et al. (2010)
stated that ethylene produces the hydrolytic (cellulase
and polygalacturonase) enzymes in the cell walls which
result in the separation of fruit from pedicle ultimately
resulting in fruit drop. Maximum fruit retained in Zn
treated trees can also be attributed to rise in IAA synthesis
which subsequently enhances the endogenous levels of
auxins, subsequently inhibiting ethylene synthesis in the
abscission zone to prevent fruit drop (Goren et al., 2000).
Similar results were reported by Venu et al. (2014) who
explained that Zn plays a significant role in the synthesis
of auxin, leading to better photosynthesis, more starch
accumulation in fruits and the auxin producing stability
in the plant, which control the fruit drop and increased
total fruit number per tree.

Foliar application of ZnSO, significantly improved
fruit physical characteristics likefruit weight, fruit juice
percentage, peel weight, pulp weight, peel: pulp ratio and
yield. This may result in greater price in the market, since
yield is directly proportional to prices of the commodity
in the market. Previous studies has also confirmed that
the exogenousZnSO, application increased fruit physical
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and biochemical quality parameters of ‘Kinnow’, ‘Khasi’
mandarin and of Washington Navel’ oranges fruit (Babu
and Yadav, 2005; Hafez and El- Metwally, 2007; Eman et al.,
2007). This might be attributed to Zn function in the
synthesis of tryptophan which is a precursor of IAA
synthesis which takes partin fruit growth and development.
Hence, more Zn in the leaves helps producing more
tryptophan resulting in enhancement inthe fruit growth
and quality.It is recognized that Zn is involved in many
physiological functions of plants which are involved in
quality and yield of the crop. Foliar spray of ZnSO, was
found most effective for improving the physico-chemical
quality-related parameters of guava fruit at harvest
(Hafeezetal,, 2013; Goswami et al., 2012).Concurrently, the
foliar Zn spray on tree yield might be ascribed to improved
endogenous auxin levels resulting in the improved fruit set.
Theyield of ‘Kinnow’ mandarin trees was higher obtained
by exogenous ZnSO, application due to enhance in both the
fruit number per tree and fruit weight (Rawat et al., 2010).
Abd EI Moneim et al. (2007) stated that use of 0.6% ZnSO,
alone or with gibberellic acid (GA,), in particular at 20 ppm,
in addition to the physical and chemical appearance of the
fruit, significantly increases fruit retention and reduced
fruit drop, thereby increasing yield.

Fruit quality is one of the important factors affecting
export of citrus (Deng, 1996).The general positive effects
observed during this study on fruit quality parameters
like TSS, titratable acidity, sugars, enzymatic and non-
enzymatic antioxidants of “Kinnow” mandarin as a
result of ZnSO, application could be attributed to its
influence on specific enzymes that take part within the
development of sugars, acids and proteins. Dutta and
Banik (2007) stated that the exogenous application of
ZnSO, improved the internal physiology of developing
fruit for their suitable growth and development.
Dawood et al. (2001) stated that pre-harvest spray of
Zn was found to enhance vitamin C contents of juice in
many citrus cultivars. Nawaz et al. (2008) mentioned
that the Zn performs a significant function in the auxin
synthesis and enhance vitamin C accumulation in
‘Kinnow’ mandarin. Likewise, vitamin C content increased
in ‘Kinnow’ mandarin due to exogenous spray application
of Zn (Trivedi et al., 2012). Similar results were stated by
Khan et al. (2012) that foliar spray of ZnSO, enhanced
vitamin C contents in the Feutrell’s early fruit juice. The
increase in sugars levels could be ascribed due to the
influence of Zn on the aldolase enzyme activities that
perform an essential function in the sugar formation
(Alloway, 2008). Zn treatment also enhanced the total
sugar contents of ‘Khasi’ mandarin fruit (Babu and Yadav,
2005). Likewise, TAO and TPC contents were improved
by foliar spray of ZnSO,in many fruits (Song et al., 2015;
Khan et al., 2015; Jan and Hadji, 2015).

8. Conclusion

It is concluded that 0.6% ZnSO, as a foliar spray
four months before harvesting reduced pre-harvest
fruit drop, increased yield and improved the TAO,

Brazilian Journal of Biology, 2023, vol. 83, e244593



TPC activities and other quality-related parameters
of ‘Kinnow’ mandarin.
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