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Abstract | Mango cv. ‘Rataul No. 12’ is one of Pakistan’s finest mango cultivars. It produces small to medium-
sized fruits that are flavorful, fragrant, and well-suited for preserving. Assessment of the pre-harvest amino 
acids application on the postharvest life of mangoes cv. ‘Rataul No. 12’ was done. The effect of amino acids on 
mango cultivar ‘Rataul No. 12’ with the objective of studying and improving fruit retention, yield, or qualitative 
and quantitative changes in physio-chemical characteristics during ripening. The impact of spraying amino 
acids on fruit retention at various fruiting stages i.e., pea, marble, egg, at matures stages as well as yield at 
the end of harvesting as compared to the control. Increasing amino acid percentages (Promise 6.55%, Flagon 
10.00%, and Izabion 62.55%) also increased the number of fruits at the fully mature stage i.e., 1.43%, 1.82%, 
and 2.20%, respectively. As compared to control, there were statistically significant differences. The increased the 
percentage of amino acids also increased the yield, Izabi on was 105.9kg/plant, whereas Promise and Flagon 
showed 96.65kg/plant and 95.86%, but both were non-significantly different. Fruit ripening caused changes in 
those factors, which were noted. Spraying amino acids had no appreciable impact on the physical features of fruit 
during storage, such as weight loss, fruit colour, hardness, length, and lenticel burn. Fruit fly punctures were non-
significant among the different chemicals as compared to the control. The maximum number was in control, i.e., 
3.06±0.48 and the minimum was in Promise®, followed by Flagon® and Izabion®, i.e., 0.45±0.21, 0.72±0.15 and 
0.44±0.02, respectively. Whereas biochemical parameters, total soluble solids, pH, titratable acidity, vitamin C, 
rag weight, juice and stone weight were also non-significantly affected by amino acid spraying. The amino acids 
are essential for increasing the fruit retention and output of the fruit tree. Because amino acids are essential for 
the majority of biological processes, enhanced quantity and export quality should be utilized. 
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Introduction

Mango (Mangifera indica L.) is referred to as 
“The King of Fruits” because of its remarkable 

nutritional content, superb flavour, alluring scent, and 
delectable taste (Nunes et al., 2007) has been well-
known as a tropical crop for foreign exportation and 
local consumption (Sivakumar et al., 2005) in 87 
countries around the world (Tharanathan et al., 2006) 
being the most valuable tropical fruit. Pakistan is 
the 5th largest mango producer with production of 
around one million tonnes per year, contributing a 
share of 7.6% to the world export market (Rehman 
et al., 2015). But the export volume is not significant 
(<10% of production) in many other mango export 
countries (FAOSTAT, 2011). Multan is the 6th 
largest city in Pakistan and is the hub of mango 
production (Tahir et al., 2012; Alam and Khan, 2001). 
Mango pests include stem borers, weevils, fruit flies, 
webworms, mealy bugs, and scale insects. Fruit flies 
significantly damage mangoes, affecting quality and 
marketability. Controlling them is challenging due to 
their rapid multiplication. Various methods, including 
pheromone traps and baits, are used to catch both 
male and female fruit flies. Food baits are frequently 
employed to catch both male and female fruit flies, 
whereas pheromone traps are utilized to draw only 
males (Khan et al., 2015). Although bagging the 
mango fruit and the entire tree can be a successful 
strategy for reducing fruit fly infestations, this 
technique is not widely used in Pakistan because of 
laborious, expensive, and adverse weather conditions, 
i.e., heavy rain and wind storms. Chemical spraying 
with various insecticides against insect pests, 
including the Tephritids, develops secondary pest 
resurgence and resistance (Hsu et al., 2006) and also 
leads to numerous types of chronic health problems 
in birds, humans and animals (Kamel and Hoppin, 
2004). Anwar Rataul is Pakistan’s top mango cultivar, 
producing flavorful, fragrant, and preserved fruits. 
However, production faces challenges like insect pests, 
inadequate nutrients, and reduced yield due to heavy 
fruit drop and poor postharvest quality. Low fruit 
yield in orchards is an important factor due to heavy 
dropping of fruits, about 10% reaches maturity and 
only 0.1–0.25% reach the harvesting stage (Chadha, 
1993).

Gardeners face severe problems like minor fruit set, 
reduced yield, and inferior quality due to fruit fly and 
diseases, requiring improved quality parameters ( Jha 

et al., 2010). Additionally, flavour, volatiles, texture, 
and chemical contents are some of the essential 
factors that support the creation of high-quality fresh 
mangoes for the consumer’s acceptance (Mamiro et 
al., 2007; Gaaliche et al., 2012).

By overcoming this problem, some nutrients were 
found to be useful for improving the quantity of 
fruit setting, fruit quality and yield enhancement. 
Several researchers have made attempts to increase 
the postharvest quality and productivity of mangoes 
through foliar applications of micronutrients such as 
boron, calcium, amino acid, plant growth regulators, 
etc. Boron application increased the productivity of 
mango ( Jutamanee et al., 2000). Calcium spraying 
increased the productivity of mangoes basically due 
to reducing abscission (Wahdan et al., 2011).

In recent years, the responses of amino acids and 
plant growth regulators have been extensively 
studied in fruit trees. Likewise, many researchers 
have demonstrated that many fruit trees can be 
easily improved by different amino acids and growth 
regulators (Drobek et al., 2019). Calcium, boron, and 
amino acids were reported to increase initial and final 
fruit set which subsequently affects yield and fruit 
quality (Khattab et al., 2016).

In order to boost the production of fruit trees 
throughout the world, new trends now employ 
a variety of cutting-edge techniques, including 
growth regulators, conventional and nano-fertilizers, 
and antioxidant chemicals (Orabi et al., 2018), as 
well as vitamins and organic acids, to increase the 
growth, production, and quality of these trees and 
their products (El-Motty and El-Faham, 2013).An 
alternate approach that is most efficient, cost-effective, 
and environmentally friendly is the study, and use 
of amino acid with micronutrient spray application 
techniques, i.e., improved growth, development, 
balance of the phenolic compounds, quality, and 
quantity (reduced dropping) of fruits due to increased 
primary and secondary metabolism. Amino acid 
content changes among cultivars during different 
stages of mango plant development (Augustin et 
al., 1978).The ripe state has been shown to include 
significant levels of amino acids such as alanine, 
arginine, glycine, serine, leucine, and isoleucine, while 
the remaining amino acids are all present in negligible 
amounts (Tharanathan et al., 2006). As intermediary 
molecules of endogenous plant hormones, amino 
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acids contribute to protein synthesis and have a 
complexing influence on nutrients (Taiz et al., 2017). 
The combination of gibberellic acid and paclobutrazol 
(PBZ) increases the number of blooms, which boosts 
fruit set (Kurian and Iyer, 1993) in other mango 
cultivars. The glycine is an amino acid that prevents 
what seems to be photorespiration by C3 plants, 
such as the mango tree, and promotes photosynthetic 
efficiency with a greater sugar content and yield. 
Methionine controls blooming and fruit ripening 
because it is an ethylene precursor (Taiz and Zeiger, 
2002). 

Phenylalanine, glutamate, and asparagine amino acids 
are essential for fruit color and metabolism. They link 
carbon and nitrogen cycles, transport nutrients, and 
store nitrogen. Tryptophan is crucial for enzymes 
that catalyze auxin synthesis, suppressing early flower 
and fruit fall. The study aimed to assess the impact 
of amino acids on micronutrient spray application, 
fruit retention, and postharvest quality parameters in 
mango cv. ‘Rataul No. 12’.

Materials and Methods

This study was conducted during the year 2022 in a 
private orchard located at Jalal Pur Pirwala, Multan, 
Pakistan. Selected a one-acre block having the same 
variety of ‘Rataul No. 12’ mango cv., and 40 healthy, 
uniform-sized mango trees, The age of the trees may 
be more or less than 8–10 years old. All the cultural, 
agronomic, and horticultural practices were similar 
during the study period. In the field experiments, a 
randomized completely blocks with four treatments 
and ten replications was used. Trees under study 
were sprayed with Promise® (containing amino acids 
6.55% w/v), Flagan® (containing 10% w/v amino 
acids), and Isabion® (containing amino acids 62.55% + 
micronutrients + bio-stimulant) commercial products 
manufactured by different companies, and control 
trees were sprayed with water only. Trees were sprayed 
four times; the first and second sprays were during 
the first and fourth weeks of June, respectively. The 
third spray was at full growth stage during the second 
week of July, and the fourth one was at maturity 
stage. The fruits were collected for the post-harvest 
experiment at maturity stage 2, and their properties 
were assessed while being stored at 23.8+5°C and 45 
+ 8% RH. The effectiveness of various, their impact 
on the postharvest physiology of mangoes, and their 
impact on the control of fruit flies were investigated.

The treatments were as follows:
T1= Promise (20ml/7Lof water/plant)
T2= Falgan (20ml/ 7L of water/plant)
T3=Izabian(20ml/ 7L of water/plant)
T4= Control (Water sprayed only)

The following Quantitative parameters (fruit 
retention (%), Tree yield (Kg), Physical quality 
parameters (Fruit fly puncture, physiological weight 
loss, fruit colour, firmness, length and width, lenticel 
burn) and Biochemical parameters pH, Vitamin C, 
Total Soluble Solids (TSS), Titratable Acidity (TA), 
%age of Rag weight, Juice contents, and stone weight 
of postharvest parameters were studied.

Quantitative parameters
Fruit retention (%): Ten terminal branches from 
each tree were randomly chosen and marked for 
morphological analysis during the early fruit set stage. 
Calculations were made for each panicle’s average 
initial fruit sets and fruit retention at four distinct 
sizes (pea, marble, egg, and mature with diameters of 
1.0, 3.0, 5.0, and 7.0 cm, respectively). Percentage of 
fruit retention was determined by using this formula:
	

Yield (Kg): At mature stage, Yield was calculated by 
using the following formula:

Physical parameters
Fruit fly punctures: Approximately 10kg of freshly 
picked mangoes fruits in each treatment packed with 
wooden box and placed under storage temperature 
at 23.8 + 2.8°C and 45 + 8% RH for 8-10 days for 
the purpose of emergence of maggots from infected 
fruits, maggots come out from the infected fruits for 
pupation then count the fruits punctures from each 
treatment separately.

The number of fruit fly puncture were counted on last 
day of examination

Physiological weight loss
Physiological weight loss (PWL) was calculated 
according to the formula:
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Where;
W1= Initial weight of unripe fruit (g); W2= Final 
weight of ripe fruit.

Fruit color
The gradual change in fruit color was measured using 
the score 1 =0% yellow, 2= 1-25% yellow, 3= 26-50% 
yellow, 4= 51-75% yellow and 5= 76-100% yellow 
(Malik et al., 2005).

Firmness
Fruits from each replication were selected for 
recording subjective (non-destructive) hand softness. 
Hand softness of fruit during ripening was scored 
daily according to the rating scale: 1, hard; 2, sprung; 
3, slightly soft; 4, eating soft; and 5, over soft (Malik 
et al., 2005).

Length and width
Fruit length and width were measured (mm) with a 
vernier caliper and recorded.

Lenticel burns
The lenticel burn was counted by using the scale 1= 
NILL, 2= <5%, 3= 10-25%, 4= 25-50%. 5= >50%.

Biochemical parameters
Total soluble solids: Total soluble solids (TSS) were 
determined using a digital hand-held refractometer. 
Juice was dropped into the refractometer’s prism, and 
TSS was calculated straight from the scale at room 
temperature (302°C) as °Brix.

pH: Using a pH meter and a large enough sample 
placed in a clean 50 mL beaker, pH was determined.

Titratable acidity
Fruit juice (10 mL) from each sample was collected in 
a beaker and diluted (1:4) with distilled water. After 
adding 2-3 drops of phenolphthalein as an indicator, 
the TA was calculated as citric acid by titration against 
0.1 NaOH solution (Akhtar et al., 2010).

Titratable acidity (%) = ml of NaOH used x 0.0064 x 
100 /Volume of sample used

Vitamin c
By using the technique, the ascorbic acid (vitamin 
C) content of the fruit sample was ascertained. 
Each sample’s juice that had been removed was run 
through Whatman® filter paper for this purpose. A 
10 mL filtered aliquot was placed in a 100 mL round 

bottom flask, and the volume was increased with 
0.4% oxalic acid to the required amount. A 5 mL 
sample from a 100 mL aliquot was placed in a beaker 
and titrated against newly made 2, 6-dichlorophenol 
indophenol until a bright pink end point was reached 
and remained for 10–15 seconds. To make the dye, 
52 mg of 2, 6-dichlorophenol indophenol and 42 mg 
of baking soda (NaHCO3) were added to a 200 mL 
volumetric flask, and the volume was increased to the 
required amount by adding distilled water. Ascorbic 
acid was calculated by using the following formula:

Ascorbic acid (mg 100 mL-1)=R1xVx100/RxWxV1

Where; R1= mL dye used in titration of aliquot; R = 
mL of dye used in titration of 1mL standard ascorbic 
acid solution prepared by adding 1mL of 0.1% ascorbic 
acid + 1.5 mL of 0.4% oxalic acid; V1= mL of juice 
used; V = volume of aliquot made by addition of 0.4% 
oxalic acid; W = mL of aliquot used for titration.

% Rag weight
The rag weight was measured by weighing the pulp 
left after extraction of juice.

Juice contents
The juice contents were measured by weighing juice 
extracted from pulp. It was calculated by using the 
formula:

Stone weight 
The stone weight was measured by weighing stone 
after removing pulp from its surroundings.

Data analysis
All the data was statistically analyzed under 
Randomized Complete Block Design (Steel et 
al., 1997). Analysis of variance (one-way analysis; 
ANOVA) and means comparisons by using LSD 
values at p>0.05 statistical software Statistix 8.1®.
 
Results and Discussion

Fruit retention (%)
Data revealed in Table 1, Izabion and Promise showed 
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the highest number of initial fruit sets per panicle with 
15.73% and 15.23%, respectively, as compared to the 
control tree. At pea size, the number of fruits retained 
per panicle showed a significant difference among the 
treatments; maximum retention was also observed in 
Izabion, followed by Flagon and Promise, as related 
to control values of 7.56%, 6.56%, 6.40%, and 5.59%, 
respectively. The highest values of retained fruit per 
panicle (4.66%, 3.45%, and 3.05%, respectively) 
were observed in Izabion, Flagon, and Promise at 
the marble size stage as compared to control values 
(2.57%). At egg and mature size, Izabion gave the 
highest retention value fruit per panicle (2.67% and 
2.20%, respectively) compared to the control. Izabion 
showed the highest retention of fruit per panicle 
throughout the season during the years 2018.

According to the findings, spraying Izabion (62.55% 
amino acids + bio-stimulants) boosted fruit set, yield, 
and the maximum number of retained fruits per 
panicle, thus improving yield. The results obtained are 
consistent with those presented (El-Kosary et al., 2011; 
Khattab et al., 2012). The retained fruits per panicle 
increase at harvest due to effect of micronutrients 
and bio-stimulants on cell division, cell elongation 
and multiplication of cells occurred. The trees sprayed 
amino acids (8-16 gm/tree) results showed significantly 
increased vegetative (shoot length, number of 
leaves per shoot, leaf area) and reproductive growth 
(number of flowers per shoot, fruit set percentage, 

fruit retention percentage, fruiting yield (kg/tree) and 
number of fruits per tree (Singh and Maurya, 2004). 
The highest fruit retention was observed to Boramin 
Ca® (Amino acids+Calcium+Boron) treatment at 
2000 ppm. Also, increased yield and number of fruits 
per tree was also detected (Khattab et al., 2016). Bio-
stimulants containing nutrients, free amino acids, 
and Lithothamnium algae extract that benefit the 
nutritional values and increased the number of fruits 
per panicle and fruit production per mango tree 
‘Kent’ if compared with non-treated plants (Lobo et 
al., 2019).

Yield (kg)
All the treatments on mango trees significantly 
increased the number of fruits per tree and subsequently 
increased the fruit yield (kg/tree) during the season 
as compared to the control. Izabion showed a higher 
number of fruits per tree (209.04%), and the average 
fruit weight (505.10 g) was significantly increased 
compared with all other treatments. As shown in 
Table 2, the tree yield increased significantly with 
all amino acid treated compounds as compared with 
the control. The highest significant yield, i.e., 105.59 
kg/plant was recorded with Izabion treatments for 
‘Rataul No. 12’ mango cultivars. However, Promise 
and Flagon treatments also increased yield, i.e., 96.65 
kg/plant and 95.86 kg/plant, respectively, compared 
to the control.

Table 1: Effect of Promise, Flagon and Izabionon average number of initial fruit set and retained fruit per panicle at 
different growth sizes of ‘Rataul No. 12’ during season 2022.
Treatments Initial fruit set Pea Marble Egg Fruit retention
Promise® (6.55% amino acids) 15.23±0.39a 6.40±0.19b 3.05±0.02bc 1.80±0.08b 1.43±0.05c
Flagan® (10.00% amino acids) 15.06±0.12ab 6.56±0.13b 3.45±0.12b 2.23±0.20ab 1.82±0.04b
Izabion® (62.55% amino acids+biostimulants) 15.72±0.08a 7.56±0.07a 4.66±0.16a 2.67±0.07a 2.2±0.03a
Control 14.35±0.26b 5.59±0.16c 2.57±0.24c 0.95±0.06c 0.66±0.05d
p Value 0.0200 0.0007 0.0002 0.0004 0.000

Means in the same column followed by the same letter(s) are not significantly different at 5% level of probability.

Table 2: Effect of Promise, Flagon and Izabion on yield of ‘Rataul No. 12’ during season 2022.
Treatments Number of fruits/ trees Fruit weight (g) Yield (kg)
Promise® (6.55% amino acids) 193.71±2.67b 499.00±2.68b 96.65±0.93b
Flagon® (10.00% amino acids) 191.23±1.03b 501.27±0.93ab 95.86±0.69b
Izabion® (62.55% amino acids) 209.04±1.57a 505.10±1.71a 105.59±0.85a
Control 174.55±3.25c 485.49±2.25c 84.75±1.96c
p Value 0.0001 0.0003 0.000

Means in the same column followed by the same letter(s) are not significantly different at 5% level of probability.



September 2023 | Volume 39 | Issue 3 | Page 750

Sarhad Journal of Agriculture
Yield significantly was increased by increasing the 
amino acids foliar application. The results are in 
accordance with (Fathi et al., 2002) on peach, (Eissa 
et al., 2003) on apricot, (Abbas et al., 2006) on 
grapevines and (Ismail et al., 2007) on Le-Conte pear. 

Fruit fly punctures (%)
According to the statistical analysis, there were 
no appreciable differences between the chemical 
treatments and the control group (Table 3). The 
maximum number of average fruit fly punctures 
was found more in control, i.e., 3.06±0.4867 and 
minimum was in Promise®, followed by Flagon® 
and Izabion®, i.e., 0.453±0.2107, 0.7267±0.1588 
and 0.4467±0.0267, respectively. Many researchers 
reported the beneficial effects of amino acids on 
different fruit tree metabolisms, low infection and 
infestation, and the growth and development of fruit 
trees  (Walch-Liu and Forde, 2007). The Glutamic 
acid (amino acid) was evaluated in plum and mango 
orchards to control the Mexican fruit fly (Anastrophe 
ludens) in Mexico (Aluja et al., 2009). Timely 
application of aminoethoxy vinylglycine reduced the 
pre-harvest dropping and improved the fruit quality 
and quantity fruit trees (Schupp and Greene, 2004). 
Increasing dose of amino acids enhanced the number 
of fruits per plant and also reduced the infestation 
level of fruit fly (Do C. Mouco et al., 2006). Our 
result also correlated with above researches.

Physical weight loss (%)
The higher the water content, the higher the weight loss 
and the faster the fruit loses its firmness and develops 
a speedy fruit colour change. Weight loss is directly 
related to the transpiration rate and concentration 
of O2(respiration) in mangoes (Domis et al., 2002). 
The control of gas diffusion reduced respiratory rates 
and decreased mango weight loss (Dang et al., 2008). 
Physical weight loss in all treatments of mangoes 
increased with time. The weight loss was found to be 
statistically non-significant, as illustrated in Table 3. 
More weight loss was observed in fruits of treatment 
4 i.e., 2.26%while fruits in treatment 3 exhibited less 
weight loss i.e., 1.66%. 

Fruit colour 
Fruit colour is an important quality parameter 
for mango and a ripeness and maturity indicator 
(Saranwong et al., 2004), it influences customer 
acceptability (Maskan, 2001). During ripening, 
colour changes from green to yellow because of an 

increase in the synthesis of carotenoids (Rathore 
et al., 2007) in the fruit and the decomposition of 
chlorophyll by ethylene (Blankenship and Dole, 
2003) and the enzyme chlorophyllase activity (Ketsa 
et al., 1999). Ripening (change of colour) also results 
in flesh softening, loss of acidity, conversion of 
starch to sugars and development of ripe flavour and 
aromas (Hofman et al., 1997). Mango peel colour 
development compared to the control was found to be 
non-significantly different among the treatments as 
shown in Table 3. Our result confirms non-significant 
differences in the mango peel of ‘Tommy Atkins’ 
fruit ( Jacobi et al., 2001). Colour development is the 
continuing process shown in Figure 1, from green to 
peeling yellow, as indicated in the colour score chart.

Table 3: Relative abundance of the fruit flies punctures, 
weight loss and fruit color on different treatments on cv. 
‘Rataul No. 12’.
Treatments Fruit fly 

punctures
Weight 
loss (%)

Fruit color

Promise® (Amino acids) 0.45±0.21b 1.95±0.12a 2.47±1.27a
Flagon® (Amino acids) 0.72±0.15b 2.09±0.24a 2.23±1.11a
Izabion® (Amino acids 
+micronutrients + bio 
stimulants)

0.44±0.02b 1.66±0.08a 2.16±0.80a

Control 3.06±0.48a 2.26±0.48a 1.99±1.03a
P value 0.0008 0.5068 0.0831

Different letters on columns are indicative of statistical difference 
(LSD, P< 0.05).
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Figure 1: Gradually increased the color development process during 
the first day to 8th day

During the first 5 days mangoes ripening process 
gradually increased 25%, after 6th and 7th days ethylene 
production increased caused 50% raping takes place. 
During the study period 8th day 70 to 80 % ripening 
was occurred and fruit ready for consumption for 
consumers.
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Firmness
The firmness was found to be non-significantly 
different among the treatments, as shown in Table 
4. The firmness was found to be increasing as well as 
when the fruits were ripening, i.e., 2.28, 2.22, 2.01, and 
2.24 of treatments 1, 2, 3, and 4, respectively. With the 
passage of time, the softness of the mango fruits was 
observed day by day, as described in Figure 2. The fruits 
in treatment 1 were found to be softer as compared 
to others on the last day of assessment, and the least 
firmness was found in Izabion. Treated mangos, so it 
increased the shelf life of the mango cultivars.

 
Days Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 

Values 1.01 1.02 1.05 1.38 2.19 3.33 3.68 3.89 
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Figure 2: Day by day changes in firmness of cv. Anwar Ratol 12 
No. Non-significant among the firmness of different treat-
ments. 

During the first to 5 days mangoes firmness was 
gradually increased hard to sprung, during the study 
period 6 days to 8 days mango firmness becomes 
slightly soft to eating soft also associated with ripening 
of fruits and ready for consumption for consumers. 
The interaction between amino acids application and 
cultivars on fruit firmness had significantly increased 
fruit firmness. The result was confirm that the pulp 
firmness of mango cv. Tommy Atkins was non-
significantly affected by amino acid applications at 
different concentrations (do C. Mouco et al., 2006).

Length and width of fruit
Illustrated results in Table 4 showed that fruit width 
of ‘Rataul No. 12 ’mango cultivars was significantly 

affected by different treatments during the seasons of 
study. The maximum width was also found in Izabion 
(75.69 mm), while the minimum width was found in 
control (63.67mm). The mango cultivar treated with 
Izabion foliar application of amino acids recorded a 
higher fruit width than that of the other treatments. 
Similar results were obtained by (Saleh and Eman, 
2003; Dutta, 2004).

Table 4 cleared showed that results of fruit length 
were non-significantly affected by different 
treatments but the interaction between the treatment 
and cultivar clearly showed that amino acid with 
combination of micronutrients and bio-stimulants 
application improved the length of the mango fruits. 
The maximum length was found in Izabion (114.71 
mm) while minimum found in control (91.2mm). 
Our results are in line with findings of (Banik et al., 
1997) on mango trees cv. Fazli and on mango cv. Fagri 
Kalan (Dutta and Dhua, 2002).

Lenticel burn
Data regarding lenticel burn was shown to be non-
significantly affected by amino acid application at 
different treatments. More lenticel burn was counted 
on Promise, followed by Flagon and Izabion, which 
had values of 3.46%, 3.213%, and 3.083, respectively, 
as compared to control, i.e., 3.030%. Discoloration is 
the primary condition of lenticels (Bezuidenhout et 
al., 2005). It is most likely an indication of the fruit 
tissue around the lenticel stoma’s physiological stress 
response (Grassmann et al., 2002). The accumulation 
of phenolics in the cell walls and vacuoles of the 
tissue surrounding the lenticel cavity was linked to 
the coloring of lenticels (Du Plooy et al., 2006).

Biochemical parameters
Total soluble solids: Biochemical parameters study 
of fruits also showed significant differences among 
different mango cultivars. TSS contents were not

Table 4: Relative abundance of the fruit flies punctures, weight loss and fruit color on different treatments on cv. 
‘Rataul No. 12’.
Treatments Firmness (%) Length (mm) Width (mm) Lenticel burn (%)
Promise®(Amino acids) 2.28±0.26a 91.83±0.60a 65.17±0.90b 3.46±0.08a
Flagon®(Amino acids) 2.22±0.24a 90.37±0.70a 63.67±0.48b 3.21±0.28a
Izabion® (Amino acids +micronu-
trients + bio stimulants)

2.01±0.23a 114.71±22.74a 75.693±0.45a 3.08±0.42a

Control 2.24±0.25a 91.2±0.89a 63.67±0.48b 3.03±0.21a
P value 0.8597 0.4377 0.0001 0.6358

Different letters on columns are indicative of statistical difference (LSD, P< 0.05).
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significantly increased of mango cultivars Rataul No. 12’ 
during the initial postharvest examinations as shown 
in Table 5. Increase in TSS usually occurs during fruit 
ripening process due to the accumulation of certain 
free sugars due to the hydrolysis of starch contents by 
the action of amylase enzymes that are triggered based 
upon ethylene production (White, 2002). TSS, primly 
used to estimate the sugar content in a particular fruits 
and it provide the degree of sweetness. There is an 
inverse relationship between the TSS and TA; as the 
value of sugar content (TSS) increases, that for the 
acidity (TA) decreases. Total soluble solid contents were 
found non- significantly different from each other as 
shown in the Table 5. The highest TSS (22.433°Brix) 
was found in control whereas lowest among the amino 
acids treatments was TSS (21.3°Brix) in Flagon. The 
same result was found that control treated fruit have 
higher TSS % than chemically treated fruits because; 
the adversely chemical effect reduces TSS percentage. 
Langra and Amropali mango fruits contained the 
highest total sugar content that sprayed by single or 
combined foliar applications of different trace element 
(Zn, Fe, Mn, B and Cu) conversion of starch to sugar 
an important ripening process in mango and other 
climacteric fruits and further hydrolysis decreased the 
TSS (Kittur et al., 2001).

Juice pH
The pH was found significantly different among the 
treatments as shown in the Table 5. The maximum pH 
was found in Promise followed by Flagon and Izabion 
having values i.e., 5.37, 5.29 and 5.17 as compared by 

control having values i.e., 5.03, respectively. 

Titratable acidity
The titratable acidity was found statistically non- 
significantly different in all the treatment as described 
in Table 5. There was a consistent increase in total 
soluble solids content during ripening, but a significant 
decrease in titratable acidity was only observed at 20 
oC (Medlicott and Thompson, 1985). Total titratable 
acidity was not significantly affected by amino acids 
application spraying our result confirmed by (do C. 
Mouco et al., 2009).

Vitamin c
The vitamin C was found statistically non-significantly 
different among all the treatments. The maximum 
vitamin C (128.5mg/100g) was found in Promise 
and Izabion while minimum (126.98 mg/100g) was 
found in Flagon as compared to the control. Vitamin 
C (ascorbic acid) content increase on mango fruit and 
showed that the acidity increased during maturity 
(Venkatachalam et al., 2018), which is closely 
associated with the production of higher amounts 
of anti-oxidants. Our study showed an increase in 
ascorbic acid content in treated fruit agreed with.

Rag weight (%)
The rag weight was found to be statistically non-
significantly different in all the treatments, as shown 
in Table 6. The maximum rag weight percentage was 
found in Flagon (10.99%), followed by Izabion (8.79%) 
and Promise (7.66%) as compared to control (7.63%).

Table 5: Relative abundance of the fruit flies punctures, weight loss and fruit color on different treatments on cv. 
‘Rataul No. 12’.
Treatments TSS (°Brix) pH TA Vitamin C (mg/100g)
Promise®(Amino acids) 21.46±0.14a 5.37±0.10a 0.39±0.05a 128.57±5.49a
Flagon®(Amino acids) 21.30±0.25a 5.29±0.02a 0.40±0.02a 126.98±4.19a
Izabion® (Amino acids +micronutrients + bio stimulants) 21.63±0.18a 5.17±0.33ab 0.42±0.05a 128.57±11.98a
Control 22.43±0.21a 5.03±0.06b 0.40±0.02a 125.40±3.17a
P value 0.6408 0.0444 0.9714 0.9718

Different letters on columns are indicative of statistical difference (LSD, P< 0.05).

Table 6: Relative abundance of the fruit flies punctures, weight loss and fruit color on different treatments on cv. 
‘Rataul No. 12’.
Treatments Rag weight (%) Juice weight (%) Stone weight (g)
Promise®(Amino acids) 7.66±3.84a 45.13±5.91a 23.49±3.67a
Flagon®(Amino acids) 10.99±2.95a 53.95±8.81a 31.12±9.85a
Izabion® (Amino acids +micronutrients + bio stimulants) 8.79±2.61a 43.29±2.07a 23.92±1.67a
Control 7.63±1.41a 33.13±8.84a 24.77±0.36a
P value 0.8723 0.3197 0.7242

Different letters on columns are indicative of statistical difference (LSD, P< 0.05).
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Juice weight (%)
There was a non-significant difference in juice 
contents among different amino acid treatments. The 
maximum juice weight was found in Flagon (53.95%), 
followed by Izabion (43.29%), and Promise (45.13%), 
as compared to the control treatment (33.13%). So, 
on the basis of the results, amino acids increased 
the juice weight whenever the fruit size at maturity 
increased. Our result is consistent: an increase in fruit 
size with maturity could be the result of an increase in 
juice weight at fully ripe mulberry fruits (Gunes and 
Cekic, 2004).

Stone weight (g)
Stone weight remained consistent across treatments, 
with Flagon having the highest (31.12g) and Promise 
having the lowest (23.49%). Exogenous amino acid 
application did not affect stone weight size.

Conclusions and Recommendations

The production of proteins is decreased by the 
spontaneous synthesis of high quantities of free 
amino acids, which also has an adverse effect on the 
plant’s development. Due to the fact that proteins 
are involved in all of the processes (drought, disease, 
extreme temperature changes, etc.), the use of free 
amino acids in plants is advantageous. The majority of 
biological functions depend heavily on amino acids, 
which are chemical compounds found in proteins. 
There are several other non-protein amino acids 
having metabolic and physiological purposes. Plants 
use a significant amount of energy to synthesize the 
amino acids from the nitrogen taken up by their 
roots. In Pakistan, farmers have not sprayed any 
amino acids on the mango orchards due to this the 
production of mangoes and plant vigor decreased day 
by day and increased the bacterial and fungal diseases. 
Foliar application of amino acids three to four time at 
flowering, blooming and at fruit setting stages were 
the most effective treatment for increasing fruit set, 
yield and improving export quantity as well as quality 
of mangoes fruit and Anwar Rataul No. 12 trees due 
to the induction of enzymatic antioxidants in fruit.
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