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ABSTRACT

This investigation was conducted on 16-year-old
"Taimour™ mango trees grown in a private orchard
located at Tema district, Sohag Governorate, aiming to
study the effect of foliar applications of Fulvic acid at
(1000, 2000, and 3000 ppm) and NAA at (15, 30, and 45
ppm) on growth, leaf mineral composition, fruit retention,
yield, and fruit quality during the 2019, 2020, and 2021
seasons. This experiment was designed and arranged in a
complete randomized block design with three replicates
per treatment and one “Taimour” mango tree per each.
The selected trees (30) received thrice sprays with NAA
before flowering, during full bloom, and after fruit set;
meanwhile, Fulvic acid was sprayed thrice (before
flowering, after fruit set, and one month later).
Enhancements in leaf area, chemical composition, fruit
retention percentage, yield, and fruit quality materially
accompany single and combined applications with the
abovementioned concentrations. A significant decline in
the percentages of titratable acidity was observed due to
the application of the present treatments. Using Fulvic acid
was more effective than NAA for enhancing leaf area and
its chemical composition. Moreover, using NAA was
superior than using Fulvic acid in terms of improving
yield, fruit quality, and fruit retention percentage. Using a
combination of both materials was preferable to using
them separately. The highest values among all parameters
were achieved by spraying ""Taimour™ mango trees with
3000 ppm Fulvic acid + 45 ppm NAA followed by 2000
ppm Fulvic acid+ 30 ppm NAA in the three experimental
seasons compared with control and other treatments. It
can be concluded that foliar application of 3000 ppm
Fulvic acid+ 45 ppm NAA is useful in improving the
vegetative growth and nutritional status of "Taimour™
mango trees and produces a high yield with good fruit
quality under Sohag Governorate conditions.

Keywords: NAA, Fulvic acid, fruit quality and
“Taimour” mango.

INTRODUCTION

Mango (Mangifera indica L.), is a popular and
medicinal fruit crop grown in tropical and subtropical
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regions (Mohamed et al., 2016), known as the king of
fruits. Mango is considered the most popular fruit in
Egypt, ranking second in terms of acreage after citrus.
Mango cultivated area reached about 294,000 Fed.
(Ministry of Agriculture and Land Reclamation, 2021).
Many problems affect mango productivity, such as poor
fruit set and a high fruit drop percentage at different
growth stages. Using some substances has an important
role in increasing fruit sets and reducing fruit drops,
especially during high temperatures. It also increases
mango trees' resistance to environmental conditions
such as frost and high temperatures.

Plant growth regulators have been reported to play a
major role in fruit growth and fruit drop in mango
(Ram, 1992), which counteract the enzymes responsible
for creating the abscission zone and result in fruit drop
reduction. Fruit drops in mango trees are likely caused
by a lack of auxins and high levels of inhibitors,
according to studies by Krisanapook et al. (2000) and
Ram (2000). Auxins are several growth regulators
exogenously applied to horticultural crops. Many
researchers have reviewed the role of such growth
regulators in increasing the yield and quality of mango
trees. For instance, Kassem and Marzouk (2004) found
that applying 30 ppm NAA and 50 ppm GA3 during the
pea stage to Zebda mango trees significantly increased
fruit retention and decreased fruit drop.

Naturally occurring hormones play a major role in
mango fruit growth and fruit drop (Ram, 1992). An
increase in auxin level corresponds with a period of
rapid growth, while a high inhibitor level corresponds
with a high fruit drop rate. Haidry et al. (1997) and
Vejendla et al. (2008), they indicated that NAA
application has a highly positive effect on reducing fruit
drop. Furthermore, sprayed NAA on mango trees
reduced flower drop, gave high flower retention,
increased yield, and improved fruit quality. Plant
growth regulators such as NAA reduced flower drop,
gave high flower retention, and increased yield and fruit
quality in mango and other fruit species such as apple, citrus,
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and guava (lgbal et al., 2009). Fulvic acid increases the
photosynthetic rate and reduces the opening of stomata and the
transpiration rate to regulate plant growth (Anjum et al.,
2011and Huang et al., 2020). It also enhances mineral element
absorption (Justi et al., 2019 and Wang et al., 2019). Besides,
it improves the transfer of minerals directly inside the plant
cells, both fresh and dry weights (Chen et al., 2004) and
chelates mineral nutrients (Lotfi et al., 2015 and Malan, 2015).
In addition, spraying Fulvic acid has significantly improved
the average size, weight, and shape index (length and
diameter) of the fruit of table grape (Ferrara and Brunetti,
2010), TSS%, and TSS/acidity ratio, while decreasing the
percentage of total acidity (Zhang et al., 2013 and Suh et al.,
2014). Besides, Fulvic acid significantly increased leaf surface
area, fruit number per tree, fruit weight and volume, TSS%
and TSS/acidity ratio, and total sugars in the fruits of apple cv.
Anna (El-Boray et al., 2015) and apricot cv. Canino (Haggag
etal., 2016).

The present work aims to evaluate the influence of Fulvic
acid and plant growth regulators such as NAA on growth,
yield and fruit quality of “Taimour” mango trees grown in
silty clay soils.

MATERIALS AND METHODS

This study was conducted during three successive seasons
(2019, 2020, and 2021) on thirty trees 16- years old
“Taimour” mango trees budded on seedling rootstock grown
in a private orchard located at Tema district, Sohag
Governorate, Upper Egypt, in silty clay soil and with a water
table depth of not less than two meters. The trees were planted
7x7 meters apart. And irrigated with surface irrigation system
The selected trees were subjected to all the normal

horticultural practices. "Taimour" mango trees under study
were selected at random to carry out the treatments during the
three successive seasons. The selected trees were almost
uniform in their vigour growth, free from pathological and
physiological disorders and all received the same horticultural
management (irrigation, fertilization, pests, and disease
control usually applied in the orchard except for the foliar
application of NAA and Fulvic acid). The results of orchard
soil analysis according to Wilde et al. (1985) are shown in
Table (1).

The trees were sprayed with NAA and Fulvic acid treatments
as follows:

T1= Control (Tree spray with water only).

T2= Tree spray with 1000 ppm Fulvic acid.

T3= Tree spray with 2000 ppm Fulvic acid.

T4= Tree spray with 3000 ppm Fulvic acid.

T5= Tree spray with 15 ppm NAA.

T6= Tree spray with 30 ppm NAA.

T7=Tree spray with 45 ppm NAA.

T8= Tree spray with 1000 ppm Fulvic acid and 15 ppm NAA.
T9= Tree spray with 2000 ppm Fulvic acid and 30 ppm NAA.

T10= Tree spray with 3000 ppm Fulvic acid and 45 ppm
NAA.

The trees were sprayed with NAA thrice before flowering,
during full bloom, and after fruit set, and with Fulvic acid
thrice spray before flowering, after fruit set, and one month
after fruit set. Triton B was added to all treatments at 0.1% as
a wetting agent.

Table 1. Mechanical, physical, and chemical analysis of the tested orchard soil

Particle size distribution:

Soil properties

Sand %

Silt %

Clay

Texture

pH(1:2.5 extract)

EC (1: 2.5 extract) (mmhos/Icm/25°C)
O.M. %

CaCO; %

Total N %

Auvailable P (ppm, Olsen)

Available K (ppm/ ammonium acetate)

Available Mg (ppm)

Available S (ppm)

B (ppm) (hot water extractable)

Available EDTA extractable micronutrients (ppm)
Zn

Fe

Mn

Cu

9.4

54.6

36.0
Silty clay
7.30

0.55

2.28

1.59

0.19

5.0

533
122.00
6.77
0.30

1.15
12.22
10.32
1.40
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Experimental Design:

The experiment followed a complete randomized
block design on 30 trees, as ten treatments were applied
with three replicates per treatment; each tree was
considered a replicate.

Leaf area and its chemical composition

Twenty leaves below panicles of the spring growth
cycle according to Summer (1985) were taken (2nd
week of July) for measuring leaf area according to
Ahmed and Morsy (1999), as well as chlorophylls A
and B, then the summation of both for producing total
chlorophylls (mg/100 g F.W.) according to Von-
Wettstein (1957), and percentages of N, P, and K in the
dried leaves were determined according to Wilde et al.
(1985).

Fruit retention

The percentage of fruit retention was estimated by
dividing the number of fruits retained on each tree just
before harvesting by the total number of initial fruits set
and multiplying the product by 100.

Number of fruits/tree: Counted the number of fruits in
each tree at harvest. Yield per tree: Harvesting was
achieved in the last week of July in both seasons when
the flesh of fruits became light yellowish and the yield
expressed in weight (kg) was recorded.

Fruit quality: Twenty fruits were taken from each tree
to measure fruit weight (g), fruit length (cm), fruit width
(cm), the percentage of pulp, T.S.S.%, total acidity %
(as citric acid/100 ml juice), the percentage of total
sugars, the percentage of reducing sugars and vitamin C
content (as mg/100 ml juice) as outlined by A.O.A.C.
(1995).

Statistical Analysis:

All the obtained data were tabulated and statistically
analyzed according to Mead et al. (1993) and averages
of treatments were compared by using the new L.S.D.
test at 5% according to Steel and Torrie (1984).

RESULTS

The leaf N, P, and K content

The results presented in Table (2) clearly that
spraying Fulvic acid and NAA, either alone or in
combination, increases N, P, and K levels in “Taimour”
mango tree leaves compared to the untreated check
treatment. Fulvic acid was more effective than NAA in
significantly increasing the levels of these nutrients in
leaves when sprayed alone during all three seasons
studied. When used in combination, the levels were
further improved. The highest values were observed in
trees sprayed with a combination of 3000 ppm Fulvic

acid and 45 ppm NAA, followed by trees sprayed with
2000 ppm Fulvic acid and 30 ppm NAA. On the other
hand, the lowest values were observed in untreated
trees. These results were true during the three seasons.

The leaf area and Total chlorophylls

The results in Table (2) demonstrate that foliar
application of NAA and Fulvic acid significantly
increased leaf area and Total chlorophyll in "Taimour"
mango trees compared to untreated trees. Fulvic acid
was more effective than NAA when applied alone to
enhance leaf area and Total chlorophyll in "Taimour"
mango trees during the 2019, 2020, and 2021 seasons.
Additionally, the combination of Fulvic acid and NAA
further improved these parameters compared to using
each material alone. The highest values were recorded
for trees sprayed with 3000 ppm Fulvic acid and 45 ppm
NAA, followed by trees sprayed with 2000 ppm Fulvic
acid and 30 ppm NAA. On the other hand, the lowest
values were observed in untreated trees. Similar trend
was observed during the three experimental seasons.

Fruit retention

The data presented in Table (3) shows that the fruit
retention percentage was lowest in the control trees
during all three seasons studied (0.58, 0.57, and 0.60).
However, foliar application of Fulvic acid positively
impacted fruit retention compared to control trees.
Additionally, NAA treatments were more effective in
increasing fruit retention percentages in all seasons than
Fulvic acid treatments. The highest number of fruit
retentions at the mature stage was observed in trees
treated with a spray containing 3000 ppm Fulvic acid
and 45 ppm NAA in all three seasons (1.06, 1.07, and
1.10), followed by 2000 ppm Fulvic acid and 30 ppm
NAA (0.99, 1.02, and 1.06). On the other hand, the
lowest values were observed in untreated trees. Similar
trend was noticed during three seasons.

Number of fruits/ trees and Yield as (Kg)/ tree:

The results in Table (3) indicate that using NAA and
Fulvic acid treatments, either alone or in combination,
led to a significant increase in the number of fruits
produced per tree compared to the control treatment.
The untreated trees produced the least number of fruits
(172.00, 209.00, and 185.00) in the three seasons
studied. The maximum values of fruit number per tree
were observed on the trees were sprayed with 3000 ppm
Fulvic acid and 45 ppm NAA, which resulted in the
highest number of mango fruits per tree in all three
seasons (328.67, 351.67, and 350.00) followed by the
trees were sprayed with 2000 ppm and Fulvic acid 30
ppm NAA, but No significance differences appeared
between the treatments (3000 ppm Fulvic acid and 45
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ppm NAA) and (2000 ppm Fulvic acid and 30 ppm
NAA) in second and third seasons. Moreover, in all
three seasons studied (2019, 2020, and 2021), the NAA
treatments increased the number of fruits per tree more
significantly than Fulvic acid treatments at all
concentrations. Concerning the yield (kg/tree), data in
Table (3), indicated that all treatments were statistically
increased tree yield (kg/tree) compared with the control
treatment in the three seasons. Also, spraying trees
with3000 ppm Fulvic acid and 45 ppm NAA produced
the highest yield (kg) per tree (94.08, 103.65 and 108.19
kg/tree) followed by the trees spray with 3000 Fulvic
acid and 30 ppm NAA (94.08, 103.65, and 108.19
kg/tree) in the three studied seasons, respectively. On
the other hand, the untreated trees exhibited the lowest
yield weight (37.07, 45.51, and 40.86 kg/tree) in the
three studied seasons, respectively. Finally, all NAA
treatments gave better values of mango yield weight
(kg) per tree compared with Fulvic acid treatments at all
concentrations in the three studied seasons, 2019, 2020,
and 2021.

Physical and chemical characteristics of the fruits

It is noticed from the data in Tables (3& 4& 5) that
foliar application of Fulvic acid and NAA alone or
combined significantly improved fruit quality.

Physical properties:

Results in Tables (3 and 4) showed that foliar
application of NAA and Fulvic acid alone or combined
significantly increased fruit weight (g), length (cm),
width (cm), and pulp weight percentage compared to the
control treatment in all seasons. In this respect, the
highest values for fruit physical properties parameters
were recorded from trees sprayed with 3000 ppm Fulvic
acid and 45 ppm NAA treatments for fruit weight
(286.03, 294.67 and 309.079), fruit length (12.77, 13.00
and 12.90cm), fruit width (7.63, 7.93 and 8.00 cm),
percentage of pulp weight (75.700, 78.26 and 78.53
cm) in three studied seasons compared to other
treatments. However, the untreated trees exhibited the
lowest fruit weight (215.43, 217.67, and 220.77 g), fruit
length (10.46, 10.63, and 10.83cm), fruit width (6.00,
6.23, and 6.26 cm) and percentage of pulp weight
(69.00, 69.36 and 69.80 cm)in the three studied
seasons, respectively. Furthermore, from the previous
results in Tables (3 and 4), it is clear that spraying trees
with NAA treatments is better than Fulvic acid

treatments for increasing the fruit’s physical properties.
However, the tree sprayed with NAA and Fulvic acid
gave better fruit physical properties than the tree
sprayed with NAA or Fulvic acid alone in all three
studied seasons.

- Chemical properties:

Presented data in Tables (4 and 5) showed the effect
of different treatments of foliar application treatments
on TSS (%), acidity (%), total sugars(%), reducing
sugars (%), and Vitamin C content of “Taimour”
mango fruits in 2019, 2020 and 2021seasons.

As for TSS %, data in Table (4) indicated that T10
(the trees sprayed with 3000 ppm Fulvic acid and 45
ppm NAA) was the superior treatment for increasing
TSS (16.37, 16.70, and 16.80%), followed by T9 (the
trees sprayed with 3000 ppm Fulvic acid and 45 ppm
NAA) in 2019, 2020, and 2021 seasons, respectively.
Concerning total fruit acidity, it is obvious that spraying
mango trees with NAA and Fulvic acid reduced the fruit
content of total acidity % in three seasons in comparison
with the control treatment. In contrast, the untreated tree
recorded the highest values (0.446, 0.421, and 0.419%),
respectively.

Concerning the total and reducing sugars% as shown
in Table (5), the obtained results indicated that untreated
trees exhibited the lowest total sugars (13.27, 13.57 and
13.60%) and reducing sugars (3.72, 4.02 and 4.06%),
respectively, in the three studied seasons. On the other
hand, trees treated with 3000 ppm Fulvic acid and 45
ppm NAA gave higher percentages of mango total
sugars (14.90, 15.60, and 15.73%) and reducing sugars
(4.70, 5.16 and 5.23%), respectively.

As concerns of ascorbic acid (mg/100ml juice), data
presented in the same table reveal that in three seasons,
the highest values were obtained in the fruits harvested
from trees sprayed with 3000 ppm Fulvic acid and 45
ppm NAA (45.93, 44.33 and 44.60 mg/100ml juice).

From the previous results in Tables (4 and 5), it is
clear that the fruit’s Chemical properties especially total
sugars was increased and reached the maximum values
by spraying trees with NAA treatments followed by
Fulvic acid treatments when sprayed alone. However,
the tree sprayed with NAA and Fulvic acid gives the
best fruit Chemical properties than the tree sprayed with
NAA or Fulvic acid alone in all three studied seasons.
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Table 2. Effect of foliar sprays with NAA and Fulvic acid on the leaf area (cm?) and the percentages of N, P and K and total chlorophylls (mg/ 100 g
F.W) in the leaves of “Taimour” mango trees during 2019, 2020 and 2021 seasons.

Treatments Leaf area (cm?) Leaf N % Leaf P % Leaf K % Total chlorophylls
(mg/ 100 g F.W)
2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
Control 60.00+ 61.46+ 62.36+ 1.89+ 1.85+ 1.79+ 0.11+ 0.13+ 0.13+ 122+ 1.28+% 1.26x 27.46+x 29.10+ 30.83%
080 095 058 002 0.02 006 0.01 0.002 0.005 0006 0.017 0.026 0.77 0.79 0.92
1000 ppm Fulvic acid 68.50+ 69.70+ 70.80+ 2.15+ 2.11+ 2,12+ 0.19+ 0.22+ 0.22+ 142+ 152+ 149+ 3426+ 35.00+ 38.13%
025 017 010 0.02 0.02 001 0.01 0015 0.006 0.01 0.005 0.023 0.20 0.36 0.30
2000 ppm Fulvic acid 69.66+ 70.86+ 72.00+ 2.21+ 2.19+ 2.20+ 0.20+ 0.23+ 0.24+ 146+ 154+ 154+ 36.00+ 36.73+ 39.50%
018 040 029 0.04 0.03 002 0.01 0.015 0.001 0.011 0.006 0.006 0.80 0.61 1.15
3000 ppm Fulvic acid 71.46+ 7253+ 73.30+ 2.35+ 2.32+ 2.24+ 0.21+ 0.25+ 0.25+ 149+ 156+ 157+ 37.10+ 38.07+ 41.63%
044 029 035 0.08 0.09 0.01 0.005 0.01 0.006 0.008 0.006 0.009 0.40 0.20 0.11

15 ppm NAA 62.60+ 65.50+ 64.63+ 1.96+ 1.92+ 1.92+ 0.14+ 0.16+ 0.15+ 130+ 1.35% 1.35+ 29.13+ 30.30+ 33.13+
0.61 042 052 004 0.02 0.03 0.005 0.02 0.01 0.005 0.015 0.007 0.97 0.52 1.20

30 ppm NAA 65.40+ 67.60+ 67.80+ 2.04+ 1.97+ 2.01+ 0.15+ 0.18+ 0.17+ 133+ 141+ 1.39+ 3126+ 31.87+ 3537+
0.45 026 067 001 001 001 0.006 0.005 0.006 0.012 0.012 0.006 0.76 0.64 0.50

45 ppm NAA 67.56+ 68.83+ 69.36+ 2.10+ 2.05+ 2.08+ 0.17+ 0.20+ 0.20+ 137+ 1.45% 143+ 33.23+ 33.70+ 36.80+

0.20 042 064 010 0.03 0.01 0.001 0.01 0.002 0.006 0.016 0.007 0.92 0.65 0.72
1000 ppm Fulvic 72.66+ 73.60+ 74.66+ 2.26+ 227+ 232+ 0.22+ 0.29+ 0.27+ 153+ 1.64% 1.66+x 38.16+ 40.97+ 43.73+
acid+ 15 ppm NAA 0.37 036 040 0.04 018 001 0.006 0.011 0.007 0.016 0.035 0.032 0.98 1.01 1.55
2000 ppm Fulvic 7430+ 75.63+ 77.70+ 2.22+ 225+ 236+ 0.26+ 031+ 030+ 1.62+ 1.72% 173+  39.70+ 42.60+ 4537+
acid+ 30 ppm NAA 0.35 068 135 045 0.09 001 0.01 0.005 0.01 0.03  0.008 0.012 0.30 0.26 0.05
3000 ppm Fulvic 78.83+ 80.70+ 81.83+ 2.10+ 2.23+ 254+ 0.29+ 039+ 035+ 178+ 1.83% 1.85+ 41.06+ 43.17+ 45.60+
acid+ 45 ppm NAA 0.50 046 056 002 005 002 002 0015 0.016 0.012 0.020 0.014 0.80 0.15 0.10
New L.S.D at0.05 1.28 138 173 0.02 0.01 0.02 0.01 0.02 0.04 0.04 0.04 0.05 1.21 0.93 1.35
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Table 3. Effect of foliar sprays with NAA and Fulvic acid on Yield/ tree (kg.), fruit retention, number of fruits/ tree and fruit weight (g.) of “Taimour”
mango trees during 2019, 2020 and 2021 seasons

Treatments Yield/ tree (kg.) Fruit retention Number of fruits/ tree Fruit weight (g.)
2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
Control 37.07+ 4551+  40.86% 0.58+ 057+  0.60+ 172.00+4. 209.00+ 185.00+ 215.4+ 217.67+ 220.77+
2.28 2.14 2.53 0.01 0.014 0.02 16 3.05 4.51 4.78 5.13 5.17
1000 ppm Fulvic acid 40.00+ 52.72+  47.98% 0.62+ 0.62+  0.68+ 181.00+ 236.0+ 212.00+ 221.00+ 223.33+ 226.3%
0.402 4.34 0.338 0.005 0.01 0.02 0.56 10.52 1.57 11.35 11.93 33.69
2000 ppm Fulvic acid 42.86+ 57.71+  56.23% 0.67+ 0.68+  0.73+ 189.00+ 250.33+ 240.3+ 226.77+ 230.57+ 233.90+
1.631 0.492 5.38 0.02 0.009 0.012 3.60 2.35 12.71 1.00 1.52 0.57
3000 ppm Fulvic acid 46.31+ 59.58+  60.32+ 0.7+ 0.73+  0.78+ 201.33+ 255.67+ 255.33+ 230.00+ 233.07+ 236.27+
1.698 0.740 0.300 0.005 0.007 0.018 3.76 1.67 0.33 1.20 1.50 1.15
15 ppm NAA 51.95+ 64.03+  62.11% 0.74+ 0.77+  0.83+ 221.33+ 269.7+ 257.66+ 23447+ 237.17+ 241.07+
4.99 6.09 1.681 0.007 0.011 0.17 9.36 10.69 1.33 1.00 0.11 0.64
30 ppm NAA 60.24+ 83.75+  75.61+ 0.80+ 0.82+  0.88+ 249.33+ 338.7+27. 302.00+ 241.53+ 247.47+ 250.33%
1.101 11.03 3.54 0.011 0.018 0.015 2.35 22 7.21 5.16 6.10 6.20
45 ppm NAA 63.89+ 81.25+  82.30+ 0.85+ 0.89+  0.92+ 256.00+ 319.33+ 317.33+ 249.57+ 25443+ 259.33%
0.678 1.568 2.46 0.012 0.01 0.01 9.96 2.19 4.34 0.50 3.07 1.52
1000 ppm Fulvic acid+  71.17+ 88.28+  89.83+ 0.93+ 0.94+  0.98+ 276.67+ 328.33+ 332.00+ 257.00+ 268.83+ 270.50+
15 ppm NAA 6.14 3.43 3.67 0.017 0.02 0.007 9.96 3.33 2.64 1.69 1.91 2.08
2000 ppm Fulvic acid+  83.14+ 95.29+  98.00+ 0.99+ 1.02+  1.06+ 306.33+ 344.00+ 338.67+ 27140+ 277.00+ 289.33%
30 ppm NAA 3.33 1.590 4.62 0.011 0.01 0.015 6.75 2.00 1.20 7.19 6.85 7.42
3000 ppm Fulvic acid+  94.08+ 103.65+ 108.19+  1.06% 1.07+  1.10+ 328.67+ 351.67+ 350.00+2. 286.03+ 294.67+ 309.07+
45 ppm NAA 7.00 5.24 2.82 0.02 0.01 0.007 8.18 4.04 89 0.52 2.00 11.85

New L.S.D at 0.05 6.00 5.50 5.15 0.04 0.04 0.04 16.71 28.28 14.67 7.94 8.55 8.68
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Table 4. Effect of foliar sprays with NAA and Fulvic acid on the fruit length (cm.), Fruit width (cm.), the percentage of pulp and the percentage of
total soluble solids of “Taimour” mango trees during 2019, 2020 and 2021 seasons.

Treatments Fruit length (cm.) Fruit width (cm.) The percentage of pulp ~ The percentage of total soluble
solids (TSS)
2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
Control 10.46+ 10.63+ 10.83+ 6.00+ 6.23+ 6.26x  69.00+ 69.36x 69.80+ 1253+ 12.10+ 11.93t
0.03 0.08 0.08 0.05 0.07 0.09 0.10 0.68 0.72 0.12 0.1 0.19
1000 ppm Fulvic acid ~ 10.93+ 11.00+ 11.10+ 6.23+ 6.47+ 6.63+ 69.60+ 70.63+ 70.97+ 12.80+ 12.67+ 12.67+
0.02 0.03 0.09 0.08 0.03 0.08 0.40 0.55 0.41 0 0.08 0.08
2000 ppm Fulvic acid ~ 11.03% 11.37+ 11.50+ 6.50+ 6.73 6.87+  70.33x 7117+ 71.83+ 1410+ 14.23+ 14.33t
0.04 0.07 0.06 0.07 0.04 0.03 0.21 0.28 0.28 0.6 0.62 0.62
3000 ppm Fulvic acid ~ 11.27+ 11.63+ 11.77+ 6.60+ 6.90+ 7.00+ 7143+ 72,67+ 7327+ 1520+ 1540+ 1547+
0.08 0.02 0.1 0.01 0.01 0.1 0.15 0.06 0.35 0.07 0.12 0.1
15 ppm NAA 11.53+ 11.77+ 11.90+ 6.80+ 7.03+ 713+ 70.87+ 7193+ 7243+ 1493+ 15.07+ 15.10+
0.03 0.01 0.03 0.00 0.03 0.03 0.23 0.30 0.20 0.06 0.05 0.03
30 ppm NAA 11.60+ 11.90+ 12.23+ 6.90+ 7.17+ 727+ 7243+ 7357+ 7400+ 1543+ 1570+ 15.80t
0.01 0.03 0.01 0.02 0.05 0.04 0.55 0.25 0.1 0.03 0 0
45 ppm NAA 11.93+ 12.37+ 12.50+ 7.07x 7.30% 7.40% 7427+ 7513+ 7530+ 15.73+ 16.03+ 16.13%
0.12 0.02 0.1 0.03 0.02 0 0.17 0.25 0.35 0.04 0.03 0
1000 ppm Fulvic 12,17+ 12.53+ 12.60+ 7.20% 7.43% 7.53% 73.40+ 7427+ 7467+ 1557+ 1583+ 1590+
acid+ 15 ppm NAA 0.03 0.01 0.01 0.01 0.03 0.02 0.25 0.32 0.36 0.07 0.07 0.07
2000 ppm Fulvic 12.16+ 12.35+ 12.60+ 7.43+ 7.80+ 783+t 7570+ 76.13+ 76.63t 16.07+ 16.37+ 16.37t
acid+ 30 ppm NAA 0.11 0.04 0.02 0.03 0.01 0.05 0.96 0.85 1.09 0.06 0.12 0.12
3000 ppm Fulvic 12.77+ 13.00+ 12.90+ 7.63+ 7.93+ 8.00+ 7570+ 7826+ 7853+ 16.37+ 16.70+ 16.80%
acid+ 45 ppm NAA 0.02 0.03 0.07 0.09 0.03 0.07 1.12 0.64 0.68 0.05 0.06 0.06
New L.S.D at 0.05 0.18 0.21 0.14 0.13 0.28 0.12 0.86 0.78 0.86 0.01 0.01 0.01
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Table 5. Effect of foliar sprays with NAA and Fulvic acid on the percentage of total sugars, reducing sugars and vitamin C contents and total acidity
of “Taimour” mango trees during 2019, 2020 and 2021 seasons.

Treatments Percentage of total sugars Percentage of reducing sugars Vitamin C content Total acidity
2019 2020 2021 2019 2020 2021 2019 2020 2021 2019 2020 2021
Control 13.27+ 1357+  13.60+ 3.72+ 0.164.02+ 0.02 4.06% 3450+ 36.33t  36.60+ 0.446+ 0.421+ 0.419+
0.15 0.05 0.10 0.01 1.04 0.23 0.10 0.011 0.001 0.002
1000 ppm Fulvic 13.53+ 1390+  14.00+ 4.01% 0.014.10+ 0.05 4.12+ 35.73+  37.00+ 37.20+ 0.428+ 0.410+ 0.408+
acid 0.05 0.17 0.17 0.04 0.37 0.10 0.20 0.007 0.009 0.010
2000 ppm Fulvic 13.70+ 1417+ 1420+ 4.11% 0.024.23+ 0.01 4.25% 36.50+ 37.73t  38.16% 0.418+ 0.386+ 0.384+
acid 0.02 0.06 0.00 0.05 0.40 0.68 0.55 0.002 0.005 0.007
3000 ppm Fulvic 1407+ 1440+ 1443+ 4.27+ 0.014.35+ 0.02 4.38% 38.06t  40.23+  40.53% 0.396% 0.367+ 0.366+
acid 0.07 0.00 0.06 0.02 0.26 0.05 0.20 0.006 0.004 0.003
15 ppm NAA 13.90+  14.30+  14.33+ 4.18+ 0.034.28+ 0.05 4.29+ 37.20+  39.43+  39.76% 0.405% 0.375% 0.374+
0.05 0.00 0.05 0.03 0.20 0.49 0.35 0.002 0.005 0.005
30 ppm NAA 1420+ 1457+ 1467+ 4.31% 0.024.43+ 0.04 4.44+ 38.83t  41.03+  41.37% 0.390+ 0.360x 0.358+
0.00 0.05 0.15 0.04 0.37 0.15 0.11 0.00 0.001 0.001
45 ppm NAA 1447+  15.03+  15.10+ 4.48+ 0.04 4.67+ 4,67+ 40.33t  42.23+ 4240t 0.375% 0.348+ 0.343+
0.10 0.10 0.11 0.03 0.02 0.45 0.36 0.15 0.006 0.00 0.005
1000 ppm Fulvic 1430+  14.80+  14.87+ 4.38+ 0.034.51+ 0.0 4.53t 39.56+ 4150+  41.83% 0.383% 0.350% 0.348+
acid+ 15 ppm NAA  0.06 0.07 0.00 0.0.11 0.49 0.25 0.36 0.005 0.006 0.002
2000 ppm Fulvic 1470+  15.27+ 1530+ 4.59+ 0.014.87+ 0.03 4.92+ 4117+ 4323+  43.77% 0.358+ 0.328+ 0.326+
acid+ 30 ppm NAA  0.10 0.04 0.10 0.07 0.15 0.25 0.49 0.008 0.012 0.009
3000 ppm Fulvic 1490+ 15.60+  15.73+ 4.70+ 0.025.16+ 0.15 5.23% 4593+ 4433+  44.60% 0.336% 0.308+ 0.307+
acid+ 45 ppm NAA  0.05 0.11 0.11 0.20 6.73 0.57 0.60 0.008 0.002 0.006

New L.S.D at0.05 0.15 0.13 0.16 0.16 0.11 0.11 3.55 0.61 0.58 0.05 0.05 0.06
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DISCUSSION

The results indicate that Fulvic acid positively
impacts “Taimour” mango trees. It improves leaf area,
fruit retention, yield, fruit quality, and leaf composition
regarding nitrogen, phosphorous, potassium, and total
chlorophyll. These findings are consistent with those of
Plaza et al. (2005), who found that Fulvic acid is
effective in both acidic and alkaline media. It promotes
various physiological processes that depend on plant
species and the developing stage, enhancing the fruit's
weight and diameter, the juice's pH, and vitamin C
content. According to studies by El-Khawaga (2011)
and Shaheen et al. (2012), using Fulvic acid increased
the total sugar percentages in grapevines. Similarly,
Fulvic acid greatly increased the percentages of total
sugars in grapevines (ElI-Khawaga, 2011; Shaheen et al.,
2012). In parallel to our findings, Zancani et al., (2011)
stated that fulvic acids can play a good role in the
transporting of hormones inside the plants and can raise
the levels of intercellular ATP and glucose-6-phosphate
has a good relation with the encouragement of cell
cultures. The usage of fulvic acid enhanced greatly SSC
% and SSC/acidity ratio while it decreased the
percentage of total acidity (Zhang et al., 2013; Abd El-
Hameed et al., 2014; Suh et al., 2014). As fulvic acid
can enhance antioxidants, IAA, GA3 and Cytokines
hormones and vitamins, it improves the vegetative
growth in plants (Abd ElI-Hameed et al., 2014). Besides,
Priya et al., (2014) reported that fulvic acid looks like
the hormone of auxin in plants, which plays a good role
in the absorption of potassium and is responsible for the
metabolism of starch.

The above-mentioned results show that the sprayed
NAA positively affected leaf area, mineral composition,
fruit retention, yield, and fruit quality. This may be due
to the role of NAA in increasing auxin levels and
reducing fruit drop. The obtained results agree with
those concluded by Ram, 1992; Ram, 2000; Vejendla et
al., 2008; Anjum et al., 2011 and Huang et al., 2020.
Furthermore, NAA treatment can increase leaf area and
fruit retention by multiplying and lengthening meristem
cells, positively affecting fruit set and retention and
reducing fruit drop. Studies conducted by Igbal et al.
(2009) and Nkansah et al. (2012) support the positive
effect of NAA on fruit retention in mango trees. These
results suggest that the treatment enhances the trees'
nutritional status, leading to an increase in both fruit set
and retention.

In conclusion, based on the results of the present study,
it can be concluded that applying thrice sprays of two
materials, namely 45 ppm NAA and 3000 ppm Fulvic
acids together, was effective in enhancing both the
quantitative and qualitative aspects of yield in
“Taimour” mango trees.
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