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Abstract: The mango cultivar Summer Bahisht (SB) Chaunsa is the most sensitive and susceptible to
dieback disease among other cultivars. Despite the environmental variables, low nutritional value
contributes to the drastic prevalence of the disease. Therefore, it was hypothesized that providing
balanced nutrition through an integrated nutrient approach could rehabilitate plants affected by
dieback disease. Treatments were NPK at the recommended dose (control), NPK + farmyard manure,
NPK + press mud, NPK + poultry litter, and NPK + city effluent, and NPK + sulfur. Sulfur was
applied at 3 kg per plant, while the organic amendments were applied at 100 kg per plant NPK was
applied at the recommended dose per square feet of tree canopy. Leaf samples were taken 5 months
after treatment application. Results were analyzed through two-way ANOVA analysis using R
statistical language software. Although the disease recovery rate was slow and we did not find any
plant that recovered one year after treatment application, the reduction in disease was prominent
in the treatment where poultry litter + NPK was applied. The poultry litter with the recommended
NPK treatment showed 20% and 50% reductions in disease intensity in the 2nd and 3rd years of the
experiment, respectively, as compared to NPK alone.

Keywords: EC; fertilizer; nitrogen; organic matter; phosphorous; plant nutrients; potassium; poultry
litter; soil pH

1. Introduction

Sustainable agriculture is important for maintaining the productivity of land, increas-
ing the farmer’s income, and reducing the problems caused by environmental degradation.
Keeping view of this context, the dieback disease problem on mango trees was addressed in
the present study. Soil health was maintained and plant health was restored by providing
organic nutrition to the soil and plant along with chemical fertilizer. Mango, being the
national fruit of Pakistan, is the king of summer-season fruits [1]. Among approximately
30 commercial cultivars, ‘Sammer Bahisht Chaunsa (SB Chaunsa)” is the most important
mango cultivar in Pakistan. SB Chaunsa has a delicious taste and awesome aroma liked all
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over the world [2]. SB Chaunsa has a 37% export share among other cultivars of mango
in Pakistan.

Pakistan is facing water shortages [3,4], climate change [3], poor nutritional man-
agement [5], and frequent disease incidences [6,7] in commercial and exportable mango
varieties [8]. The common diseases of mango are malformation [9,10], quick decline [11],
and dieback [12], which contribute to lower yields in Pakistan [6]. Dieback occurrence is
more common in SB Chaunsa [13]. The soil fungus Lesiodiplodia theobromae is reported in
mango plant’s twigs, leaves, and branches [12,14]. The symptoms of dieback appear as
drying of the leaves and branches, gummosis, bark splitting, wilting, and defoliation [12].
The disease intensity is measured in plants by using a disease scoring scale [12]; however,
the use of fungicides could be helpful to treat dieback disease in mango plants. However,
biological control through the use of bacteria is more useful in the treatment of dieback
plants [15].

The dieback disease mostly attacks and spreads when the plants are under stress [13,16,17].
Drought, the existence of hardpan, high temperatures, humidity, salinity, and nutritional
deficiency are major abiotic stresses that support disease prevalence. The soils of Pakistan
are highly alkaline and calcareous due to high pH and the presence of carbonates, respec-
tively [18]. The most pronounced reason for salinity development in Punjab Pakistan’s soil
is the arid climate. Due to low rainfall and precipitation [19], the presence of salts in the
root zone hinders nutrient uptake and plant growth [18,20]. The nutritional-use efficiency
of the saline soils is far less than that of normal soils due to the presence of specific ions
(Na) on exchange sites as compared to essential nutrients [21].

Integrated nutrient management can be a rational approach to improve the health of
dieback-affected plants. Nutrients play a greater role in disease resistance and tolerance [22].
Studies have indicated the importance of N, P, K, Mn, Zn, B, Cl, and S in the reduction
of disease severity. In Pakistan, organic manures are easily available as a cheap source
of organic matter. The organic amendments improve the soil structure and help in the
aggregation of soil particles. Soil with high particle aggregation helps in the water-holding
and nutrient-holding capacity of the soil [23]. Chemical fertilizer application in combination
with organic manures was found to be more useful for nutrient availability, especially for P,
K, Zn, Fe, Mn, and Cu [24]. Farmyard manure can be effective in improving plant growth
during salinity stress [21]. When manures were applied with chemical fertilizer, these
mixtures improve organic matter contents and lower soil pH [25,26]. The main objective of
this study was to explore the potential of integrated nutrient management in the reduction
of dieback-affected plants.

2. Materials and Methods
2.1. Site Description

An experiment on SB Bahisht Chaunsa plants affected by dieback disorder was con-
ducted during 2016-2019 at the Research Farm of Mango Research Institute Multan, Pak-
istan (30°09'16.9” N 71°26/52.9" E). The climate of the study area was sub-tropical with
hot summers and cold winters. Monthly mean values of the parameters (temperature,
rainfall, and humidity) during the experiment period were recorded at a meteorological
observatory located at the Central Cotton Research Institute (CCRI), 2 km away from the
experimental site (Figure 1).



Sustainability 2023, 15, 11118 3of14

0.8

abc afc
bcd be
cdef c cd
ef d
efgh
h f
Year
B vesr20t6
. Year 2017
. Year 2018
B vear2010

MPK MNPK+CW MPK+FYM MPKE+PL NPK+PM MNPK+S
Treatment

0.

=]
1

0.

i
1

% Nitrogen in plant

0.

M2
L

0.

[=1

Figure 1. Percent nitrogen content in plant tissues during 2016-2019. Here, the main plot = treatment;
subplot = year. The main plot treatment was significant, p < 0.01; F-value = 20.93; DF = 5. The sub-plot
year was also significant (p-value < 0.01; F-value = 1216.21; DF = 1). The treatment X year interaction
was also significant (p-value < 0.01; F-value = 6.768; DF = 5). Here lowercase letters, represents
statistical ranks based upon difference between treatments.

2.2. Identification of Dieback-Affected Plants

L. theobromae- or dieback-affected plants were identified by the presence of symptoms,
like drying of leaves, branches, and twigs and defoliation, according to Malik, et al. [12].
Plants of the same age (approximately 20 years old) affected by the disease were selected
for the current study.
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2.3. Treatment Plan

The field experiment was conducted with six treatments (Table A1). The sources of
NPK were calcium ammonium nitrate (CAN), single super phosphate (SSP), and sulfate
of potash (SOP), respectively. Four organic sources, farmyard manure, city waste, poultry
litter, and press mud, were used as organic amendments. The farmyard manure was
collected from a cattle farm adjacent to Tawakal Town Old Shujabad road, Multan, Pakistan
(30.1368, 71.44); city waste was from a municipal disposal near a dairy farm, Pak Army
Multan (30.173, 71.426); poultry litter was from a poultry farm, Kayyan Pur Multan (30.127,
71.437); and press mud was from Fatma sugar mill, Kot Addu Muzaffar Garh, Pakistan
(30.127, 71.437) (Table A1). All organic amendments were air-dried for approximately three
months before application to experimental trees. The characterization of amendments
was carried out in the Plant Nutrition Laboratory, Mango Research Institute, Multan,
Pakistan (Table A2). The soil samples were collected from 0-15 cm and analyzed for the
physiochemical properties of the soil [27] (Table A2).

2.4. Field Experiment

After fruit harvesting in 2016, standard horticultural practices in mango production
were adapted for all plants, like the pruning of branches and fruit panicles, application of a
Bordeaux mixture at the ratio of 1:1:10 (CuSO4, CaCOs3, and H,O) on pruned branches and
panicles, and irrigation. The upper soil layers up to 0-3 inches were removed under mango
tree canopy areas and soil silt collected from the Chenab River bed near Sher Shah, Multan,
Pakistan, and was spread under each tree canopy. Commercial-grade copper sulfate at
2 kg plant~! was applied to the soil during March of each year during the study period.
In order to ensure plant vigor, plant reproductive parts were removed in mid-February
to mid-March.

Fertilizers were applied using the broadcast method under the canopy area of the tree
after the manual removal of weeds. The recommended dose of NPK was 1.5,1.2,and 1.2 g
per square foot of tree canopy, respectively. The average canopy area of the selected plants
was 25 x 32 (height x width) sq. ft. The full phosphorus dose was applied in August,
while nitrogen and potassium were applied in two half splits, July and February, 2016).
Elemental sulfur was applied at 3 kg plant~! just after fertilizer application in August. The
organic amendments were applied at 100 kg plant~! in December. The soil application
of micronutrients (Zn, Cu, Mn, and Fe) was practiced each year in February-March. The
recommended rates of Zn, Cu, Mn, and Fe were 250, 70, 150, and 250 g plant_l, which
were applied, respectively. The sources for micronutrients were ZnSO,, CuSOy, MnSOy,
and FeSOy.

2.5. Soil and Leaf Sampling and Analysis

Before applying treatments to experimental plants, initial soil samples from 0-15 and
15-30 cm depths were collected from each plant just after fruit harvesting in the year 2016.
The results obtained from these samples for soil pH, electrical conductivity (EC), P, K, and
organic matter were considered pre-treatment results. These pre-treatment soil fertility
status assessments were used to compare the effect of chemical fertilizer and organic
amendment application on soil health and chemical properties. Leaf samples were taken
five months after treatment application to assess the plant nutrient status. Soil samples
were brought to the laboratory in polythene bags and kept for air drying. Plant debris was
removed from samples and ground with mesh 10. Samples were analyzed for EC at 1:10
with a Neomet EC-400L EC meter (Istek cooperation, Seoul, Republic of Korea) and for pH
at a 1:1 ratio with a pH meter (pH 200 lovibond, SensoDirect pH meter, Fisher Scientific,
Leicestershire UK), respectively. The available phosphorus was determined according
to the Olsen method [28] using a Spectrophotometer (T60 UV-Visible PG Instruments,
Leicestershire, UK) [28]. The available potassium was determined in the soil using a Flame
Photometer (Spectrolab England, UK) [28]. The organic matter was determined using
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the potassium dichromate method [29]. The soil textural class was determined using the
hydrometer method [30].

Leaf samples were collected after treatment application during October at an above 5”
height from the ground level. The fifth leaf of the branch was taken. Around 50-60 leaves
were taken from a tree to make a truly representative sample. Leaves were washed with
tap water before air drying to remove dust particles. Afterward, samples were kept in
an oven at 70 °C in brown paper bags until a constant weight was obtained. Samples
were ground in a poly-mix kinematica AG mill and preserved in plastic zipper bags. The
1 g leaf sample was digested in a di-acid mixture (HNO3:HClOy) on a hot plate until a
colorless solution was obtained [31]. The digested material was diluted and filtered to
run it on a flame photometer to observe the readings for K [32]. The filtered samples
were prepared for the determination of phosphorus using the yellow color method on a
spectrophotometer [33]. Leaf samples were also digested with a digestion mixture and
sulfuric acid for the determination of nitrogen [34]. Ammoniacal nitrogen was measured
through Kjelhal’s distillation on a VELP UDK 132.

2.6. Disease Intensity

Disease intensity was measured by using a disease score. The scale ranged from 1 to 5,
where 1 represents minimum disease intensity and 5 represents the maximum in plants.
Disease symptoms include drying of leaves, twigs, and branches, defoliation, gummaosis,
and bark splitting. The following formula was used for calculating disease intensity:

Disease Intensity % = [1(n) + 2(n) + 3(n) + 4(n) + 5(n)]/replication x 5/100,
where n is the no. of trees in each level.

2.7. Statistical Analysis

The data of soil, leaves, and disease intensity were statistically analyzed using a linear
model in R software version 40.0 (R_Core_Team, 2020). The treatment effect was analyzed
within a year of soil, leaf, and disease scoring. The means of the treatments were speared
via least square means and Tukey multiple comparison tests at p < 0.05. The “emmeans”
package in R software was used for the analysis of least square means and Tukey multiple
comparisons [35].

3. Results
3.1. Plant Tissue Nitrogen, Phosphorus, and Potassium

The nitrogen concentration in the plant was significantly different between treatments
and years (main plot treatment, subplot year) (treatment p < 0.01; F = 20.99; DF = 5) (subplot
year, p-value < 0.01; F-value = 1216.21; DF = 1). The interaction treatment X year was
also highly significant (p < 0.01; F-value 6.7688; DF = 5) (Figure 1). In 2016, the maximum
concentration of nitrogen (0.57%) was recorded where NPK + CW was applied (Figure 1),
but this remained non-significant with other treatments; however, an inconsistent response
of treatments was observed during 2017, 2018, and 2019. The NPK + poultry litter showed a
higher response in all years, except 2016, where NPK + CW showed a 3.5% higher nitrogen
concentration over NPK + poultry litter (Figure 1).

The effect of the treatment on the plant tissue phosphorus concentration was found to
be non-significant during the year 2016 but significant in 2017, 2018, and 2019 (Figure 2).
The treatment response of NPK + PM was statistically similar to NPK + PL in 2018. In
2019, a maximum phosphorus concentration (0.1%) was obtained with the application of
NPK + poultry litter. The increase in the phosphorus concentration was 25% and 11% in
2018 and 2019, respectively, over NPK alone. The phosphorus concentration in mango leaf
remained lower from the standard value (0.1-0.2) [36] in the years 2016, 2017, and 2018;
however, it was non-significantly higher in 2019. In all years, NPK alone showed a lower
concentration as compared to all treatments.
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Figure 2. Percent phosphorous content in plant tissues during 2016-2019. Here, the main
plot = treatment; subplot = year. The main plot treatment was significant, p < 0.01; F-value = 18.4350;
DF = 5. The sub-plot year was also significant (p-value < 0.01; F-value = 187.18; DF = 1). The
interaction of treatment X year was non- significant (p-value > 0.05; F-value = 0.1714; DF = 5). Here
lowercase letters, represents statistical ranks based upon difference between treatments.

The treatment effect on plant tissue potassium concentrations within the years 2017,
2018, and 2019 was found to be significantly different (DF = 5; F-value = 3.18; p-value < 0.05)
(Figure 3). The NPK + CW and NPK + FYM treatments showed a 3.23% and 3.20% increase
over NPK in the year 2016, respectively (Figure 3). The NPK + PM treatment showed a
maximum increase in the potassium concentration (6.45%) over NPK in 2016 as compared
to other treatments (Figure 3). The NPK + poultry litter treatment showed higher values of
potassium in 2017, 2018, and 2019 as compared to all other treatments (Figure 3). In the year
2019, NPK + poultry liter showed a 29.03% increase in the potassium concentration over
NPK, while NPK + PM and NPK + S showed 19.35 and 12.9% increases in the potassium
concentration over NPK alone, respectively (Figure 3).
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Figure 3. Percent potassium content in plant tissues during 2016-2019. Here, the main
plot = treatment; subplot = year. The main plot treatment was significant p < 0.01; F-value = 12.49;
DF = 5. The sub-plot year was also significant (p-value < 0.01; F-value = 513.50; DF = 1). The interac-
tion of treatment X year was significant (p-value < 0.05; F-value = 3.1837; DF = 5). Here lowercase
letters, represents statistical ranks based upon difference between treatments.

3.2. Soil pH, EC, Phosphorus, Potassium, and Organic Matter

The treatment effect on soil pH, EC, phosphorous, potassium, and organic matter was
significant during the study period.

Soil pH decreased due to the application of organic amendments along with chemical
fertilizers (DF = 5; F-value = 5.980; p < 0.01). pH was at par in NPK, NPK + CW,NPK + FYM,
NPK + PM, and NPK + S (Table 1). NPK + PL was effective in reducing soil pH (Table 1).
Soil pH decreased through the application of organic amendments along with the chemical
fertilizer, over the period of time (Table 2). The pH was higher in 2016, while it was reduced
in the following years (Table 2).
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Table 1. The impact of inorganic and organic treatments on the soil chemical properties from the
years 2016-2019.

Treatment pH EC (dSm™1) PhOS};(l’;O_l‘ll;S (mg POtai(S;_ulI; (mg Organ(l(;oi\/latter
NPK 8.38 £0.03 a 424+ 0.08a 7.38 +0.18 b 149.70 + 5.13 ab 0.608 4 0.003 ¢
NPK + CW 8.32+0.02a 3.85+0.21ab 7.80 4+ 0.07 ab 149.79 + 3.19 ab 0.637 £ 0.009 a
NPK + FYM 8.38 £0.04 a 3.80 4+ 0.06 ab 7.76 £0.16 ab 148.29 + 4.17 ab 0.629 + 0.006 ab
NPK + PL 8.14 + 0.07b 3.58 £ 0.05b 795+ 0.05a 159.37 + 4.53 a 0.64 +0.015 a
NPK + PM 8.38 £ 0.05a 393+ 0.1ab 7.47 + 0.11 ab 150.12 + 4.22 ab 0.61 + 0.009 bc
NPK + S 834 +£0.01a 3.88 £ 0.09 ab 7.70 4+ 0.09 ab 146.29 £ 3.81b 0.60 £ 0.005 ¢
p-value <0.01 <0.05 <0.05 <0.05 <0.01
F-value 5.98 3.02 2.62 2.11 10.87
DF 5 5 5 5 5
Here letters a, b, ¢, represents statistical ranks based upon difference between treatments.
Table 2. Change in soil chemical properties from the year 2016-2019.
Year pH EC(dSm™1) Phosphorus (mg kg=1)  Potassium (mgkg—1)  Organic Matter (%)
2016 8.47 +0.03 a 408+ 0.15a 751£0.13a 133.33 £ 3.35¢ 0.59 £ 0.004 ¢
2017 8.29 £0.03b 3.81 £0.06 a 760 £0.10 a 150.61 +2.16 b 0.60 £0.004 ¢
2018 827 +0.03b 3.81 £ 0.06 a 7.76 £0.09 a 157.33 + 2.17 ab 0.62 + 0.007 b
2019 827 +0.03b 3.79 £ 0.06 a 7.83 £0.08 a 161.11 = 1.67 a 0.65 4 0.008 a
p-value <0.01 >0.05 >0.05 <0.05 <0.01
F-value 515.39 2.21 1.84 211 35.74
DF 3 3 3 3 3

Here letters a, b, ¢, represents statistical ranks based upon difference between treatments.

Soil EC was higher in NPK compared to the treatments where NPK was applied
with organic amendments and sulfur (S) (Table 1) (DF = 5; F-value = 3.02; p-value < 0.05).
NPK + PL significantly lowered the EC (Table 1), while NPK + CW, NPK + FYM, NPK + PM,
and NPK + S remained at par. The EC did not change over the period of time (DF = 3;
F-value = 2.21; p-value > 0.05) (Table 2).

Soil phosphorous was greater where NPK + PL was applied (DF = 5; F-value = 2.62;
p-value < 0.05) (Table 1). The application of chemical fertilizer without organic amendments
(NPK) resulted in the lowest phosphorous concentration in soil (Table 1). With the passage
of time, a gradual increase in the phosphorous concentration was recorded in soil (Table 2)
(DF = 3; F-value = 1.84; p-value > 0.05).

The application of chemical fertilizer (NPK) and organic amendments along with
NPK, had no effect on the potassium concentration in the soil, except NPK + PL, while the
lowest potassium concentration was observed in NPK + S (Table 1) (DF = 5; F-value = 2.11;
p-value < 0.05). Over the years, the potassium content increased in soil through the ap-
plication of organic amendments along with the chemical fertilizer (Table 2) (DF = 3;
F-value = 23.44; p < 0.01).

Organic matter in soil increased with application of organic amendments along with
chemical fertilizer (Table 1) (DF = 5; F-value = 10.87; p-value < 0.01). NPK + PL and
NPK + CW application increased the organic matter in soil, while the application of NPK
and NPK + S did not increase the organic matter in soil (Table 1). The organic matter
content in soil increased with time in soil (Table 2) (DF = 3; F-value = 35.74; p-value < 0.001).
Higher organic matter content in the soil was recorded in 2019, followed by 2018, 2017, and
2016, respectively (Table 2).

NPK + PL improved the soil chemical properties (pH and EC), increased the soil
nutrient contents (P and K), and contributed to overall soil fertility and health (OM) by
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improving the soil structure due to the organic amendments, applied along with chemical
fertilizer (NPK).

3.3. Plant Tissue Disease Score (Disease Intensity)

The effect of treatment was significant against the rehabilitation of dieback-affected
plants (main plot treatment; DF = 5; F-value = 7.79; p-value < 0.001) (Figure 4). The disease
severity decreased with the passage of time in experimental trees (DF = 3; F-value = 12.637;
p-value < 0.001). The disease score was higher in the year 2016 and lowest in 2019 (Figure 5).
The interaction of the treatment and year was non-significant (DF = 15; F-value = 0.533;
p-value > 0.05). A maximum decrease in the disease score (%) was recorded with the
application NPK + poultry litter in 2017, 2018, and 2019, as compared to other treatments
(Figure 4).

4.5

35
2.5
1.5
0.5

0

NPK+FYM NPK+CW NPK+PL NPK+PM NPK+S

w

Disease score
N

=

Treatments

Figure 4. Effect of treatments on dieback disease score during 2016-2019. Here a, b, ¢, represents
statistical ranks based upon difference between treatments.

45 a
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[o]
3 25
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()]
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Figure 5. Reduction in dieback disease with the passage of time in disease-infected plants. Here a, b,
¢, represents statistical ranks based upon difference between treatments.
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4. Discussion

In the present studies, the effect of chemical fertilizer along with organic amendments,
on dieback disease intensity was determined over a period of four years, 2016-2019. Inte-
grated nutrient management helped to rehabilitate the dieback-affected mango plants by im-
proving plant health by optimizing nutrient availability and promoting overall plant vigor.
Nitrogen content in plant leaves increased through the application of NPK + PL (Figure 1).
Over the years 2016-2019, the nitrogen content in plant leaves increased (Figure 1). Ni-
trogen contents in leaves were lowest in 2016 (Figure 1). The phosphorous concentration
was maximum in plant leaves with the treatment NPK + PL in 2019 (Figure 2). NPK + PL
application gradually increased the potassium concentration in plant leaves in 2017, 2018,
and 2019, respectively (Figure 3). About a 29% increase in the K concentration was recorded
in NPK + PL compared to NPK. (Figure 3). Soil chemical properties improved through
the application of chemical fertilizer along with amendments. Soil pH and EC decreased
with the application of NPK + PL (Table 1). The maximum decrease in soil pH and EC was
observed in the present studies with the application of NPK + PL in 2019. The application
of NPK + PL resulted in higher phosphorous concentrations in soil. The case with the soil
potassium concentration was similar. The organic matter content was higher in NPK + PL
(0.64%). A maximum decrease in disease intensity was recorded where NPK + PL was
applied. The application of organic amendments along with chemical fertilizer improved
the soil chemical composition, nutrient availability, soil health, and plant vigor and reduced
disease intensity.

In the current study, we reported a decrease in EC and pH over the period of time
through the application of chemical fertilizer and organic amendments. The change in soil
pH and EC over the period of application to sampling depends on the nature of organic
amendments applied, the soil type, moisture contents, and the temperature of the area.
In 2017, the small change in the pH of the soil with the use of organic amendments was
due to a temporary change in the pH value (Table 2). Similar results were reported by
Van Averbeke, et al. [37] and Brautigan, et al. [38]. Averbeke et al. [34] described that
the temporary change in pH occurred due to the use of biological amendments, while
little or no change was observed with humus and horse manure during their studies.
Averbeke et al. [34] further described that a sharp change in the EC of the soil was observed
with the use of organic amendments in clayey soils. However, our results related to the
decrease in pH and EC of soil with the passage of time were contrary to the findings of Van
Averbeke, et al. [37] and Azeez and Van Averbeke [39] that pH and EC were found to be
significantly increased when poultry litter was applied due to variations in the soil type
and temperature of the study area. These findings support the lowest effect of treatments
in 2017. In the current study, due to the lowest change in soil pH, changes in N, P, and K
in plants and soil (compared to initial soil data obtained in 2016) were minimal in 2017.
This minimum change was related to the low soil pH change and the nature of organic
amendments (Table A1). Poulsen, et al. [40] reported similar results.

During 2017, the change in the N, P, and K concentration in plant tissue remained
lowest, similar to the results of Dewes and Hiinsche [41]. The nature of organic amendments
applied resulting in the slow release of H" from organic manures was attributed to the
lowest effect of treatments in 2017 [42]. The efficiency of organic and inorganic fertilizers
for the release of nutrients also depends on targeted nutrients; in our studies, the release of
combined phosphates with calcium in high-pH soils increased due to the application of
chemical fertilizer along with amendments [23,43].

A more pronounced response of treatments to soil health and nutrient availability
in soil and plant tissues during 2019 was due to changes in soil physical and chemical
properties (Tables 1 and 2; Figures 1-3). The addition of organic amendments with chemical
fertilizers increased organic matter, improved soil fertility and soil health, and increased
plant vigor by enhancing nutrient uptake [44,45].

In the present study, we found that the application of only chemical fertilizers improved
nutrient availability in plant tissues but less than that with chemical fertilizer + organic
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amendments (Figure 4) [44,45]. The integrated use of organic and inorganic fertilizers not
only improves the biological properties of soils but also helps with nutrient availability [26].
In the present studies, trends in N, P, and K uptake in plants increased with the combined
application of chemical fertilizers and organic amendments in all treatments; however, the
effects were more pronounced with NPK + PL [25,43,44].

In the present studies, the poor plant health due to nutritional deficiency was ad-
dressed by enhancing nutrient uptake to reduce plant susceptibility and disease intensity.
Unhealthy and nutritionally deficient mango plants with low vigor are prone to dieback
disease [45]. Overall, plant health was improved with the application of all treatments, but
NPK + PL was most effective in reducing dieback disease intensity. The permanent pres-
ence of mango plants in orchards did not allow for the soil fertility status to be restored, as
nutrients are being consumed continuously by plants; therefore, poor plant health ensures
more chances of disease. In the current study, the pre-analysis of soil justified the exhausted
condition of orchard soils where plants were present for more than 15 years. The use of
organic wastes with chemical fertilizers was indispensable in regaining the soil quality
status for plant propagation. This is why the use of NPK alone resulted in a minimum
response in all years of application, from 2017 to 2019, as compared to the integrated use of
fertilizers with organic amendments [46].

The combined use of NPK and PL was found to be best, as compared to other treat-
ments, in 2017, 2018, and 2019 (Tables 1 and 2). The characterization of organic manures
used in our study justified the results (Table A2). The pH of the poultry litter used in our
study was very low (Table A2) and the release of H+ from poultry litter lowered the pH
of the soil to a level where nutrient availability from soil to plants became significantly
higher as compared to other organic amendments along with NPK fertilizers. Also, the
phosphorus and potassium contents of the poultry litter were greater, as compared to other
organic amendments. Therefore, the response of NPK + PL was more pronounced in terms
of the EC, pH, N, P, K, and organic matter in all years of the study. Similar results were
reported by Geng, et al. [47]. High nutrient-use efficiency encouraged good plant health
and disease escape more profoundly during the last year of the study.

Balanced nutrition helped plants to rehabilitate from dieback as reported in present
studies (NPK + PL), but the supply of particular nutrients (NPK + S) might not result
in the complete control of the disease [22]. In the present studies, we rehabilitated the
dieback-affected plants and restored plant health, which would ultimately improve the
livelihoods of farmers, by increasing farmer incomes. In the present studies, we added
organic manures along with the chemical fertilizer; this ultimately improved the soil pH
and EC and increased the nitrogen, phosphorus, and potassium concentration in plant
leaves. Through this, plant health was restored. Dieback disease was managed and soil
health was restored. By opting for this approach, farmers can slowly decrease the intensity
of damage to dieback-infected plants.

5. Conclusions

Integrated nutrient management increases the yield of farmers and decreases the
overall burden on the economy of the country produced by lowering the livelihood standard
of common people. This ultimately increases the sustainability of the environment, soil,
and plant health. The results of the current four-year study, in 2016-2019, indicate that the
INM strategy has great potential to rehabilitate mango plants affected by dieback disease.
NPK + PL was to be found best among all other combinations of organic amendments and
inorganic fertilizers in reducing dieback disease severity. This was due to improved soil
physical, chemical, and biological conditions and plant health. The high availability of
nutrients in soil increased the uptake of nutrients in plant tissue, and this helped plants to
fight against disease. Therefore, it is recommended to apply the INM system instead of only
mineral fertilizers where dieback problem arise. However, long-term studies in different
geographical locations are recommended to further explore the potential of integrated
nutrient application to cope with problems with the cultivar Samar Bahisht Chaunsa.
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Appendix A

Table Al. Treatments and their sources.

Treatments Source Company/Locations
NPK (control) CAN, SSP, SOP
NPK + farm yard manure Manure from cattle farm
NPK + city waste Municipal waste
NPK + poultry litter Poultry farm litter
. Fatima Sugar Mills Limited
NPK + press mud Sugar mill waste (30.297787, 70.970250)
+NPK + sulfur Commercial-grade elemental
sulfur
Table A2. Characteristics of organic manures used in the study.
. . Farmyard City Poultry
Parameters Units Soil Manure Waste Litter Press Mud
pH 8.49 7.70 7.59 6.03 7.89
EC dSm~1! 3.21 412 3.187 4.01 3.54
Available Phosphorus ppm 791 0.58 0.43 1.71 0.72
Available Potassium pPpm 160 0.40 0.62 0.92 0.79
Organic Matter % 0.65 66.22 37.02 41.75 64.32
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