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[ ABSTRACT

The present study was carried out in two successiveyearsin 2021 and 2022 in the experimental area of BAU Sabour, Bhagalpur, Bihar
to show the efficacy of potassium nitrate, urea and salicylic acid alone and in combination to improving the biochemical and yield
attributes of mango cv. Mallika. The studies revealed that the fruit quality in terms of total sugar, total soluble solids, titratable
acidity, ascorbic acid, total antioxidant capacity and total phenol increased significantly in the combination treatment consist of two
foliar applications, first in last week of October and second in mid November. Yield in number (38.33) fruits per plant and maximum
average weight per fruit (497.62 g) was obtained in the treatment T,; (Potassium nitrate 3% + Urea 2% + Salicylic acid 2000
ppm).The above treatment combination also increases total sugar (17.26%), total soluble solids (24.09 °Brix), ascorbic acid (37.23
mg/100g), total antioxidant capacity (1.33 umol. Trolox equiv.100 g -1 FW), total phenol (129.41 mg Gallic acid equiv. g-1 FW pulp)
andtitratable acidity (0.340 %) in comparison to control (water spray).
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INTRODUCTION

Mango is the most important fruit crop among all the fruits at
national as well as global level also. The production of mango is
21822 thousand MT and area 2258 thousand ha and yield 9.66
MT perhain 2017-18 [2]. Itis commercially grown in more than
111 countries but now in India it is greatly valued where about
40 per cent of area is under mango. Mango is the main
commercial and popular fruit crop of our country. It is the third
widely produced fruit crop of the tropics after banana and
citrus. The total world production of mango is 55.85 million
tonnes [3].

The mango cultivar Mallika, is a major semi-vigorous plant, a
mid-season variety grown commercially with an aim to export
due to its size, weight, acid blend sweetness and firm pulp. It's
nature in initial stage is a shy bearing which results low
productivity whereas the main objective of a mango grower is to
harvest the maximum fruits per plant at low input cost every
year. The production of flowers may be governed by enhancing
the flowering shoot per cent and the production may be
increased by enhancing the per cent of fruit-set and its fruit
retention per cent up to the harvest time [38]. There is different
well-established way to improve fruit quality as well as
productivity of different fruit crops [50, 51]. Several
experiments revealed that foliar feeding of nutrients directly to
the site of the metabolism as a substitute for or supplement to
soil application considerably enhanced fruit set per cent, fruit
retention per cent, fruit yield, and quality attributes of mango
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[39, 46]. Foliar feeding of plants can effectively supplement soil
fertilization. It has been found that the foliar application is more
influential as compared to soil application of same level of
nutrients. It was suggested that foliar feeding could be applied
successfully to compensate for the shortage of those nutrients in
plants [4]. Likewise, foliar spraying is an applied method for
crop feeding either micro or macro nutrients in form of liquid
are used [30]. The same, foliar nutrition is more effective on
young leaves and a shortage of macro and micronutrients can be
removed by this foliar application [21]. As well, the impact of
some macro and microelements on fruit quality were reported
by many investigators [14, 58].

Among different methods the foliar application of urea spray
was reported to be an effective tool for increasing fruit set per
cent, fruit retention per cent, producing a higher number of
fruits per tree, increasing yield, and improving quality [34, 35,
40, 41, 55, 60, 61], potassium nitrate involved in numerous
biochemical and physiological processes and play a pivotal and
important role to plant growth and development, yield, quality
and stress [8]. Hence, potassium is one of the principal plant
nutrients underpinning crop productivity, yield, and quality
determinations. When potassium uptake is lower than demand
then foliar potassium is mobilized to the fruit, results better of
plant growth, fruit set and quality [6] and salicylic acid play a
crucial role in the regulation of several physiological activities in
the plant such as stomata closure, plant nutrient uptake,
chlorophyll synthesis and protein synthesis [22, 32, 42], also
regulate plant responses to both abiotic and biotic stress factors
[37] and enhances plant stress resistance and it has used widely
due to its valuable role in plant stress resistance against abiotic
stresses [28].

MATERIALS AND METHODS
Ten years old healthy Mallika mango plant with spacing (3.0 m x
2.5m) was selected for the experiment.
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Urea (2%, 3%), salicylic acid (1000 ppm, 2000 ppm) and
potassium nitrate (3%) were sprayed alone and in
combinations to the selected plants. All the plants, used in the
present study were maintained under uniform cultural
management during the entire period of the experiment.

Preparation of working solution of chemicals

The chemicals used for the study were urea (2%, 3%), salicylic
acid (1000 ppm, 2000 ppm), potassium nitrate (3%), and all
have water-soluble. Therefore, it was first dissolved in water
and then poured it in the required amount of water to prepare a
fix concentration of stock solution one day before its
application. On the day of spray, the working solution was
prepared from these stock solutions to apply on the plant.

Spraying on experimental plants

After preparation of a working solution of urea (2%, 3%),
salicylic acid (1000 ppm, 2000 ppm) and potassium nitrate
(3%) at different concentrations alone and with different
combinations, the solution was sprayed over the experimental
Mallika mango plants only at 25" October and 15" November.
The control plants were sprayed with distilled water. The
experiment was continued for two consecutive years during
2021-2022. Spacing of plants in the experimental field was 3.0
m x 2.5 m and the number of treatments was eighteen with three
replications.

Biochemical analyses

During both experimental years the biochemical analysis as well
as yield of all the experimental plants wasrecorded. Thereafter,
thebiochemical analyses of ripe mango fruits were carried out.

Total sugar

Total sugar content was estimated according to [26] method.
The per cent was determined by taking 50 ml of filtrate sample
solution in a 100 ml volumetric flask and added 5 ml
concentrated HCI and left it for 24 hours. Thereafter, added 2
drops phenolphthalein indicator in it and add 40% NaOH
solution until it turns pink colour. 0.1 N HCl added slowly drop
by drop for the pink colour disappearing. For this 10 g fruit pulp
sample is grinded, 100 ml distilled water and 2 ml lead acetate
solution was added in 250 ml volumetric flask. After that, 1.9 ml
potassium oxalate solution was put in the solution and volume
made up 250 ml with distilled water and then filtered the
sample through filter paper. Filtrate was taken in burette and
Fehling's solution A and B was taken in a conicalflask @ 5 ml
each and 50 ml distilled water was added in it. Therefore, boiling
of the solution was done until it becomes colour less. 2 drops of
methylene blue indicator was added in it and titrate it with
filtrate solution until brick red end point came.

Factor x Dilution
Total sugar (%) = -------=-=-=-===mmmmmm oo x 100
50 x Titrate value x weight of sample

Total soluble solid

Total soluble solids content of the ripe fruit pulp was measured
at room temperature with the help of hand refractometer
(Atago, Tokyo, Japan) and the reading thus obtained was
corrected for temperature variations to 20°C as per the
International Temperature Correction Table (Hortwitz 1980)
and expressed in terms of °B (degree Brix).

Titratable acidity

The titratable acidity content of ripe fruit pulp was determined
by using titration method [36]. For these two grams of ripe fruit
pulp sample was weighed and crushed with the help of mortar
pistal and add 50 ml distilled water in it.Afterproper mixing it
was filtered. In filtered sample, 2-3 drop of 1% phenolphthalein
indicator was added and titrated against 0.1N sodium
hydroxide. The titrated value was used for calculating the
titratable acidity in per cent.

Titre value x normality of alkali vol. made up equivalent wt. of
acid x100
Titratable acidity = -------------=mmmm o
Vol. of sample taken for estimation (aliquot) x wt. of sample
taken x1000

Ascorbicacid content

By the help of 2, 6-dichlorophenol indophenol dye method
(Jones and Hughes 1983), ascorbic acid content in the fruit pulp
was determined. For this, 3 per cent metaphosphoric acid
solution and 2 g of fruit pulp sample was crushed. After that
volume of the extract was made up 100 ml and 10 ml of solution
was titrated against the dye (2, 6-dichlorophenol indophenol)
till the pink colour appeared. The ascorbicacid was expressed as
mg 100 g-1 fruit pulp weight.

Titrate value x dye factor x volume made up
Ascorbic acid = ----------mm e x100
Aliquot of extract taken for estimation x vol. of sample taken
for estimation

Antioxidant capacity

For estimating antioxidant capacity of fruit pulp, 1g of fruit pulp
sample was crushed and homogenates at 10000 rpm for 20 min
at4°C temperature then supernatant collected. In a small tube 1
ml each of ammonium acetate, copper chloride, neocuproine
were taken and added 100 pl supernatant samples into it. For
blank, instead of sample 100 pl distilled water was added into it.
Thereafter, absorbance was recorded in a spectrophotometer at
450 nm wavelength. The total antioxidant capacity was
expressed as umol Trolox equiv. 100 g-1 fresh pulp weight.

0.D x 4.1 x volume made up x 1000 x 100
Antioxidant capacity = -----=-=-======n=nmmmmmm oo x100
Weight of sample x 1.67 x 10000 x 0.1

Total phenol

By the method described by [48] with some modifications the
total phenolic content of fruit pulp was determined. For this 10
ml of 80% ethanol solution 1- gram fruit pulp was crushed with
the help of mortar pistal. Then at 2000 rpm for20 min. at 24°C
homogenate sample was centrifuged and obtained sample
supernatant was used for assay of total phenol content. After
that, 200 pL supernatant sample, 2.8 mL of distilled water and
0.5 mL of 2 N Folin-Ciocalteu reagents were added and left for 3
minutes, added into2 mL 20% of Na,CO,. After some time,
prepared solution when turn into blue-black colour. Then
absorbance was measuredat 750 nm using 1 cm cuvette with the
help of perkin-elmer UV-VIS lambda 25 spectrophotometers
and to obtaining standard calibration curve Gallic acid (0-800
mg L-") was used. The total phenol was expressed in term ofmg
Gallicacid equiv. g-' pulp.

0.D x volume made up with 100% ethanol
Total phenol = -----------mm oo x 100
Aliquot taken x weight of sample x 1000
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Fruitweight

Weight of three fruits from each one of the three replications for
a single treatment was recorded by weighing the sample on pan
balance. The average weight of a fruit was calculated in each
treatmentand expressed in gram (g).

Yield

To calculate the yield of plant, all the harvestable fruits from
each plant were harvested through mango harvester and
weighing of harvested fruits in each treatment with replication
and analyzed the data.

Statistical analysis

The observations were subjected to statistical analysis by using
randomized block design (RBD) with three replications. Data of
two consecutive years were pooled to prepare average data for
each parameter. The mean difference was tested by 'F' testat 5%
level of significance (LOS). Critical difference (CD) at 5% level of
significance was used for comparison among treatments. Data
were analyzed using statistical analysis software (R studio) and
the means were compared using Duncan's multiple range test.

RESULTS AND DISCUSSION

Total sugar

Itis envisaged from the data and graphical presented in (Fig. 1)
that the total sugar content was increased in all the chemical-
treated plants as compared to the control. From the graph the
maximum total sugar (17.26 %) in T, (Potassium nitrate 3 % +
Urea 2 % + Salicylic acid 2000 ppm) which was statistically at
par with T, (17.24 %) and followed by T,, (16.71 %) which
intern at par with T,,. However, the minimum total sugar (14.15
%) was in T, (control) followed by T,(14.31 %) which was at par
with T,, T,, T, and T ;(14.57 %, 14.59 %, 14.37 % and 14.50 %
respectively). Rest of the treatments had an intermediary effect.
Furthermore, total sugar content of ripe mango fruit was
recorded as maximum in the treatment consist of urea,
potassium nitrate and salicylic acid application in all the foliar
sprayed plantirrespective of concentrations with a minimum in
control. The maximum total sugar (17.26 %) wasrecorded in T,;
(Potassium nitrate 3% + Urea 2% + Salicylic acid 2000 ppm).
This increase in total sugar content in the mango can be
explained by the foliar application of the mentioned chemicals
could be attributed to enhanced carbohydrate metabolism.
Foliar application increases the capacity of production and
translocation of sugar as potassium increases [9]. Similar
results has been reported by [1] in grapes and [12] in guava, [43,
53,59,24,51] in mango.

Total soluble solid

As compared to the control, the total soluble solids of ripened
mango fruits of Mallika cultivar increased in all foliar chemical
treated plants presented in (Fig. 2). The analysis of variance in
respect of total soluble solids concluded that the treatments
differed highly significantly in both the years as well as pooled
analysis. From the graph, it is clearly showed that the treatment
differed highly significantly and it was measured maximum
(24.09 °Brix) in T;in the plants that received the chemical
combination with (Potassium nitrate 3 % + Urea 2 % + Salicylic
acid 2000 ppm) as compared to control (T,) i.e.19.34 °Brix.

The fruit quality parameters of mango cv. Mallika was
significantly influenced by the foliar application of urea,
potassium nitrate and salicylic acid on the plant. The TSS
content has increased in the urea, potassium nitrate and
salicylicacid treatmentirrespective ofits concentration.

The application of foliar feeding of chemicals increases TSS and
found maximum (24.09 °Brix) in T,; (Potassium nitrate 3% +
Urea 2% + Salicylic acid 2000 ppm) during fruit ripening could
be due to hydrolysis of starch into sugar, hydrolysis of
polysaccharides, conversion of organic acids into soluble sugars
and enhanced solubilization of insoluble starch and pectin
present in the cell wall and middle lamella [15]. The foliar
potassium favors the conversion of starch into simple sugar
during ripening by activating the sucrose synthase enzyme [11],
salicylic acid regulates the carbohydrate metabolism in both
source and sink tissue of plants, hydrolysis of sucrose by
invertase (27] and potassium is also involved in phloem loading
and unloading of sucrose and amino acids and storage in the
form of starch in developing fruits by activating the enzyme
starch synthase [29]. These results are in line with those of [7,
46, 51, 54, 59] in mango. Also, the obtained results are in
harmony with those of [18] who mentioned that the application
of urea, functioning on number of enzymes might be stimulated,
affecting the physiological processes, which in turn hydrolyzed
starch and helped in metabolic activity during the change of
available starch into sugar and soluble solid content.

Titratable acidity

The graphical presentation on the effect of various
concentrations of chemicals on titratable acidity is presented in
(Fig. 3). The statistical analysis of data revealed that titratable
acidity of fruit was highly significant in graph.The analysis of
variance of pooled data reflected that the minimum titratable
acidity percentage (0.340 %) recorded in T, (Potassium nitrate
3%+ Urea 2 % + Salicylicacid 2000 ppm) which was statistically
at par with T,, (0.343 %) and T,, (0.347 %) followed by T,,
whereas maximum titratable acidity percentage (0.489) in T,
followed by T, (0.475 %) which was statistically at par with T
(0.470 %).

The decreasing trend was obtained in titratable acidity per cent
of the ripe fruit. The all-foliar sprayed treatment had
significantly lower in titratable acidity in comparison to control
and least (0.340 %) in T,; (Potassium nitrate 3% + Urea 2% +
Salicylic acid 2000 ppm). On the other hand, reduction of
titratable acidity per cent in treated treatments might be due to
the rapid metabolic changes with rapidly conversion of organic
acids into sugars and their derivatives by reactions involving
reversal of glycolytic pathway [5].

Ascorbicacid content

A perusal of graph on ascorbic acid in mg/100 g of pulp content
of mango cv. Mallika presented in (Fig. 4). The variation in
ascorbic acid among the treatments was highly significant in
both the years and pooled analysis also. From the analysis of
variance of pooled data, it was found that maximum ascorbic
acid (37.23 mg/100g) in treatment T,, which was statistically at
parwith T, (37.18mg/100g) whereas minimum (29.30)in T..
This might be due to higher level of sugar by foliar spray of urea,
potassium nitrate and salicylic acid since ascorbic acid is
synthesized from sugar [17].

Total antioxidant capacity

Total antioxidant capacity of ripe mango cv. Mallika of different
treatment was presented in (Fig. 5). The analysis of variance in
respect of total antioxidant capacity indicated that treatment
differed significantly from each other. From the figure, the
highest total antioxidant capacity (1.33 pmol. Trolox equiv.100 g
-1FW)in T, followed by T,, (1.29 pmol.
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Trolox equiv. 100 g -1 FW pulp) whereas, lowest (1.04 pmol.
Troloxequiv.100g-1 FW pulp)inT,

The significant increase in antioxidant in treated plant is might
be influenced by polyphenolic compounds which mainly
contributed to increase in antioxidant capacity in mango fruits
[58]. This result is also in agreement with other reports that the
antioxidant capacity of fruits is due primarily to non-vitamin C
phytochemicals [33, 56].

Total phenol

As compared to control, total phenol content of mango cv.
Mallika was increased in all the treated fruits and graphical
presented in (Fig. 6). The analysis of variance in respect of total
phenol indicated that the differences among treatments were
highly significant. An observation of figure revealed that
maximum phenol (129.41 mg Gallic acid equiv. g-1 FW pulp) in
T,,(Potassium nitrate 3 % + Urea 2 % + Salicylicacid 1000 ppm)
Total phenol content was positively affected by the application
of potassium nitrate, urea and salicylic acid of different
concentrations. Most effective treatment combination was T,,
(Potassium nitrate 3 % + Urea 2 % + Salicylic acid 1000 ppm).
This mightbe due to higher level of sugar by foliar spray of above
nutrients. Salicylic acid showed positive result on phenol
content[44]in mango cv. Kesington and [62] in ber.

Average Fruitweight and Fruityield/plant

The analysis of variance of pooled data showed in (Fig. 7) that
the maximum (497.62 g) average fruit weight was in T,
whereas, minimum (411.20 g) in T, (control). Data presented
regarding the total number of fruits per plant have been shown
graphical in (Fig. 8). It was highly significant in both the years
and pooled analysis also. On the other hand, the statistical
analysis of pooled data showed maximum (38.33) fruits per
plant in T,; (Potassium nitrate 3 % + Urea 2 % + Salicylic acid
2000 ppm) which was at par result in T,,, T, and T,, (38.00,
36.00 and 35.17 respectively) however, minimum (24.33) in T,
(control) which was at par with T, T, and T,. Rest of all
treatment had intermediary effect on total numbers of
fruit/plant.

The urea has helped in more fruit retention per shoot, which
resulted in increasing number of fruits per plant [52]. Similar
results were found by [10] in Kinnow mandarin. The cumulative
effect of nitrogen on photosynthetic as well as metabolic
activities has helped to increase the fruit size and fruit weight
and thereby increase the fruit yield [19]. Similar results are also
found by [25]. The increase in yield parameters due to salicylic
acid observed in the present investigation can be attributed to
increased photosynthetic activity in leaves and translocation of
more photo-assimilates to fruits [31]. The findings of [47] in
mango and [13] in olive agree with the present study.

Figure 1. Effect of potassium nitrate, urea and salicylic acid on total sugar in mango cv.
Mallika

o atment

a o
5 b
e o Tre:
cgef o h SER L e coel =
0
i
™2
™a
™
T8
T8
L0
i
2
n
™
m
™
™
™
T2 T3 T Tis T 7 Tie 2 T3 Ts Ts 76 ™ To o
Treatment

oo

Total Sugar (%))

El

™ o ™

(T, - control; T,- salicylic acid 1000ppm; T, - salicylic acid 2000ppm; T, - urea 2%; T, - urea
3%; T, - urea 2% + salicylic acid 1000ppm; T, - urea 2% + salicylic acid 2000ppm; T, - urea
3% + salicylicacid 1000ppm; T, - urea 3% + salicylicacid 2000ppm; T,, - KNO, 3% + salicylic
acid 1000ppm; T,, - KNO, 3% + salicylic acid 2000ppm; T,, - KNO, 3% + urea 2%; T,, - KNO,
3% +urea 3%; T,, - KNO, 3% + urea 2% + salicylic acid 1000ppm; T ; - KNO, 3% + urea 2% +
salicylic acid 2000ppm; T, - KNO, 3% + urea 3% + salicylic acid 1000ppm; T,, - KNO,3% +
urea 3% + salicylicacid 2000ppm; T , - KNO, 3%)

Figure 2. Effect of potassium nitrate, urea and salicylic acid on TSS in mango cv. Mallika
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Figure 4. Effect of potassium nitrate, urea and salicylic acid on ascorbic acid content in
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Figure 5. Effect of potassium nitrate, urea and salicylic acid on total antioxidant
capacity inmango cv. Mallika
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Figure 6. Effect of potassium nitrate, urea and salicylic acid on total phenol content in
mango cv. Mallika
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Figure 7. Effect of potassium nitrate, urea and salicylic acid on fruit weight content in
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3% +urea 3%; T,, - KNO, 3% + urea 2% + salicylicacid 1000ppm; T, - KNO, 3% + urea 2% +
salicylic acid 2000ppm; T, - KNO, 3% + urea 3% + salicylic acid 1000ppm; T,, - KNO,3% +
urea 3% + salicylicacid 2000ppm; T ;- KNO, 3%)

Figure 8. Effect of potassium nitrate, urea and salicylic acid on number of fruits per tree

inmango cv. Mallika
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(T, - control; T,- salicylic acid 1000ppm; T, - salicylic acid 2000ppm; T, - urea 2%; T, - urea
3%; T, - urea 2% + salicylic acid 1000ppm; T, - urea 2% + salicylic acid 2000ppm; T, - urea
3% + salicylicacid 1000ppm; T, - urea 3% + salicylicacid 2000ppm; T,, - KNO, 3% + salicylic
acid 1000ppm; T,, - KNO, 3% + salicylic acid 2000ppm; T,, - KNO, 3% + urea 2%; T,, - KNO,
3% +urea 3%; T,, - KNO, 3% + urea 2% + salicylic acid 1000ppm; T ; - KNO, 3% + urea 2% +
salicylic acid 2000ppm; T, - KNO, 3% + urea 3% + salicylic acid 1000ppm; T,, - KNO,3% +
urea 3% + salicylicacid 2000ppm; T , - KNO, 3%)

CONCLUSION

The present investigation confirms that the action of urea (2%,
3%), salicylic acid (1000 ppm, 2000 ppm), and potassium
nitrate (3%) is very quick and it also degrades very quickly.
Therefore, repeated applications of Urea (2%, 3%), Salicylicacid
(1000 ppm, 2000 ppm) and Potassium nitrate (3%) reflected its
long-lasting action for improving the physiological growth of
mango cv. Mallika with increased yield of better-quality fruit in
terms of higher TSS: acid ratio, reducing sugar and total phenol
content. Further, among different combination treatment
concentrations T,; (Potassium nitrate 3% + Urea 2% + Salicylic
acid 2000 ppm) combination foliar spray during the month of
mid-October and November showed at par results for
improving all the yield and quality attributes of mango cw.
Mallika.

FUTURE SCOPE OF THE EXPERIMENT

In present scenario salicylic acid helps in abiotic stress
management of any crop and urea is the main component of
photosynthetic activity. Potassium nitrate play an important
role in flowering and fruiting in different fruit crops including
mango. Thus these chemical combinations in different
concentrations may be further evaluated in adverse climatic
conditions to show the effect of above mentioned chemicals.
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