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Abstract: Mango fruit quality plays a significant role in fruit storage. It also directly affects the eco-
nomic value of fruit in the national and international markets. However, deterioration of soil health
due to low organic matter is a major hurdle for mango growers. Scientists suggest incorporation
of organic matter. However, high temperature and low precipitation lead to oxidation of organic
residues in soil. On the other hand, biochar is gaining the attention of growers due to its resistance
against decomposition. It can improve soil physicochemical attributes. Limited literature is available
regarding biochar effects on the quality attributes of mango. Therefore, the current study was planned
to investigate the effects of acidified biochar on mango quality and yield attributes in alkaline soil.
Five levels of biochar, i.e., 0, 5, 10, 20 and 40 Mg/ha, were applied in a randomized complete block
design (RCBD). Results showed that 20 and 40 Mg/ha acidified biochar significantly enhanced fruit
retention, sugar contents, ash contents and TSS of mango compared to control. A significant increase
in mango fruit weight and yield per plant validated the efficacious role of 40 Mg/ha acidified biochar
over control. Furthermore, the maximum significant decrease in fruit juice acidity signified the
imperative functioning of 40 Mg/ha acidified biochar in alkaline soil. In conclusion, 40 Mg/ha
acidified biochar application can improve mango quality and yield attributes in alkaline soil. More
investigations on different soil types, climatic zones and mango varieties are recommended to declare
40 Mg/ha acidified biochar as the best treatment for improvement in the quality and yield of mango
fruit in alkaline soils.
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1. Introduction

Mango (Mangifera indica L.) is a fresh fruit commodity of Pakistan. It is successfully
cultivated in tropical and subtropical climates. In Punjab, the area under mango cultivation
is 99,000 hectares that generate an annual production of 1,321,000 tons with an average
yield of 13.34 t/ha [1]. Pakistan’s main exportable mango varieties are Sindhri, Chenab
Gold, Chaunsa SB, Sufaid Chaunsa and Azeem Chaunsa, with an export window from
May to September. The supply window of various mango varieties is five months due
to differences in their maturity as early, mid and late-season cultivars. Sufaid Chaunsa
is cultivated in 16% area of the Punjab mango zone. It attained a good position in the
high-end market like Japan, China and Singapore which demand large size fruit with
good color development. Sufaid Chaunsa is a late-season mango cultivar that attains its
horticultural maturity after 15 August in the Multan region, strengthening its good position
for export to various destinations [2]. In terms of suitable soil type for mango cultivation,
loamy and semi-heavy sandy soils are more suitable, and heavy soils, light sandy soils and
saline soils or wetlands are unsuitable. The most suitable soil pH for mango cultivation is
between 5.5 and 7 [3].

Soil salinity is a major constraint of agricultural soils. It causes a remarkable decline
in crop productivity and yield [4,5]. Furthermore, high salinity also deteriorates the
quality attributes, which significantly decreases agricultural commodity market value [6,7].
In Pakistan, inappropriate fertilizer and pesticide application, poor quality irrigation,
mismanagement of cultural practices and high transpiration are major causes of salinization
and conversion of productive agricultural land into nonproductive areas. Although salinity
is considered a big hurdle for crop production, it can be managed by an integrated approach
to initiate better plant growth with no visible salt injury on leaves. The high salt content in
soil and irrigation water may result in stunted growth and plant height with the burning
of leaf margins and tip [8-10]. On the other hand, there is a specific extent of tolerance of
soil salinity levels by the specific Pakistani mango varieties. Sindhri is considered the most
sensitive, and Langra is considered the most tolerant one. However, mango cv. Sufaid
Chaunsa has moderate tolerance [11].

Most scientists suggest the application of acidified organic amendments for the mitiga-
tion of salinity stress under alkaline conditions. Biochar is one of such organic amendments.
It is black carbon mass-produced by pyrolysis of wood, chip, leaf, stem, manure, etc., at
a high temperature of 300-1000 °C [12]. Organic active biochar is considered a potential
nutrient-rich amendment to increase soil porosity and cation exchange sites and hence
provide a nutrient-rich environment for the plant [13]. Biochar applications improve the
soil nutrient delivery system of plants by amendments of physical, chemical and biological
properties [14,15]. Mobilization in soil pH and EC by applying acidified carbon are key
factors that improve soil health [16]. The application of acidified carbon also improves the
soil carbon contents, playing an imperative role in exchanging essential nutrients between
soil solution and exchange site [17]. On the other hand, a significant increase in the fruit
yield of crops due to biochar has already been reported in many studies [12,18-22]. Fur-
thermore, biochar has also been identified as a low-cost technology. It can introduce high
contents of stabilizing carbon at a minimum cost compared to manure and compost. De-
pending upon nutrient sorption ability, biochar addition also decreases the cost of inorganic
fertilizers [23,24].

Therefore, the current study was conducted to cover the knowledge gap regarding
acidified biochar impacts on the quality attributes of mango fruit. The study aimed to
explore and select the effective application rate of acidified biochar to improve the quality
attributes of mango cv. Sufaid Chaunsa grown in saline soils. It is hypothesized that the
use of acidified biochar might improve the quality and yield of mango cv. Sufaid Chaunsa.
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2. Materials and Methods
2.1. Experimental Site

Two-year (2019-2020) field experiments were conducted based on a randomized
complete block design (RCBD) using different levels of acidified biochar. The climatic data
of the experimental site are provided in Figure 1.

2.2. Soil Characteristics

The soil was calcareous in nature with silt loam texture [25]. For textural analysis,
hydrometer method was used. After determination of soil separates, USDA textural
triangle was used for texture determination. For pH analysis, 1:1 soil and water paste
was made, and then a pre-calibrated pH meter was used. The pH of soil was 8.25 [26].
Electrical conductivity (ECe) was 4.64 dS m~!. It was analyzed by taking soil extract
and using a pre-calibrated (with 0.01N KCl solution) EC meter [27]. CaCO3 =7.51% [28],
organic matter (OM) = 0.40% [29], total nitrogen = 0.0225% [30], available phosphorus
(P) = 5.12 mg/kg dry soil [31], extractable potassium (K) = 132 mg/kg dry soil [32],
extractable zinc (Zn) = 0.25 mg/kg dry soil and extractable boron (B) = 0.26 mg/kg dry
soil [33].
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Figure 1. The daily minimum, maximum and average temperature and rainfall in Multan, Pakistan,
during 2019 (A,B) and 2020 (C,D). The dotted lines show the duration of the mango crop.

2.3. Biochar Preparations and Characterization

Thermal pyrolysis was done using poultry manure to prepare acidified biochar. The
pyrolysis was carried out at a low temperature of 355°C for two hours. After completion
of pyrolysis and biochar cooling, the biochar was ground to 2mm and then stored for
investigational utilization [34,35]. For EC and pH, 1:20 (w/v) mixture of biochar and
deionized water was used [34]. The phosphorus, sodium and potassium were analyzed by
digesting biochar in di-acid (HNO3:HCIO;) [36]. Total nitrogen was analyzed on Kjeldhal’s
distillation apparatus [30]. The physicochemical characteristics of biochar were as follows:
pH, 6.5, EC, 5.2 dSm~!; volatile matter, 17%,; ash content, 22%; fixed carbon, 61%; nitrogen,
1.2% w/w; phosphorus, 0.75% w/w; potassium, 3.24% w/w; sodium, 1.52% w/w.

2.4. Treatment Plan and Mango Trees

There were five treatments and four replications. Each treatment was applied to four
healthy plants (9 years &+ 3 months) that make one block (594 sq. ft). In each corner, one
tree was present. The treatments were control (no biochar), 5 Mg/ha biochar, 10 Mg/ha
biochar, 20 Mg/ha biochar and 40 Mg/ha biochar. The biochar was mixed in the soil up to
2 ft in depth. All the biochar was mixed manually in the soil by using a spade.

2.5. NPK Application

Based on the soil test of the study area, macronutrients N (as urea), P (diammonium
phosphate) and K (potassium sulfate) were used in the ratio of 1.5, 1.0 and 1.0 kg per plant



Horticulturae 2021, 7, 418

50f17

Ash content (%)

per year, respectively. Total required phosphorus used at the end of July. Nitrogen and
potassium were added one-half at the end of July and the other one-half before the 1st
week of February [2].

2.6. Irrigation Practices
The trench was made with a radius 1 (r1) = 12 ft and radius 2 (r2) 14 ft apart from the

main trunk of the tree. The depth of the trench was 2 ft. Eight irrigation treatments were
applied on each tree with trench during the mango growing period at the experimental site.

2.7. Analysis of Yield Attributes

During the fruiting season, yield attributes such as fruit retention, fruit weight and
fruit yield [2] were measured in the field.

2.8. Fruit Retention

To determine fruit retention percentage (the mustard stage to the marble stage of fruit),
the area of 1.0 m? was marked from four equal sides of the mango tree. The collection of
fruit retention data was carried out after each month for three months.

2.9. Fruit Weight

Immediately after harvest, before fruit ripening, the fruit weight (g) per tree was
measured by a top-loading sensitive balance.

2.10. Fruit Yield

Every year at the time of fruit harvest, mango fruits were selected from the marked
area on each mango tree, and the average fruit yield (kg/tree) was determined by the
following formula:

Fruit Yield (kg/tree) = Average weight of each tree fruit x Average number of fruits

2.11. Soluble Sugars

To determine soluble sugar, extraction of 0.1 g of mango sample was carried out using
ethanol (80%) with incubation at 60 °C for 6 h. The extracted solution (1 mL) was mixed
with anthrone reagent (6 mL) in a test tube, and then the mixture was heated in boiling
water for 10 min. After this, test tubes were immediately cooled in an ice bath (10 min)
and incubated at a temperature of 25 °C for 20 min. A spectrophotometer was used to
observe solution absorbance at 625 nm. Soluble sugar was calculated from the standard
curve drawn by using standard solutions of sugar following the above method [37].

2.12. Acidity

A fresh mango juice sample was titrated to determine the percentage of citric acid in
mango. For this determination, titration of the juice sample (pH 8.2) was carried out with
0.1 N NaOH (sodium hydroxide) as illustrated by Ranganna [38].

Acidity (%) — (Volume of 0.IN NaOH (mL) x 0.067) « 100

Volume of Juice (mL)

2.13. Ash Content

The percentage of fruit ash content was calculated according to Mclaughlin [39]. For
ash content determination, 5 g of fruit sample was taken in the crucible. The crucible was
kept at 550 °C in a muffle furnace for 30 min under aerobic conditions. After 30 min, the
crucible was removed from the furnace and immediately weighed on a digital balance. The
percentage of ash content was calculated by the following formula:

(Fruit sample fresh weight (5 g) — Sample weight after furnace)
Weight after Mulffle furnace

x 100
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2.14. Total Soluble Solids (TSS)

Fresh mango juice was used to determine total soluble solids (TTS) by digital hand
refractometer (model SELECT045, Medline Scientific Ltd., Chalgrove OX44 7XZ, UK). For
this, 20 g pulp from each fruit was homogenized in distilled water (80 mL) for 60 s. After
that, 1 mL of homogenate mixture was transferred to a refractometer for TSS analysis.

2.15. Statistical Analysis

Statistical analysis was conducted and graphs were made for each of the yield (fruit
retention, fruit weight, fruit yield) and quality (soluble sugar, acidity, ash content, TTS)
parameters of mango trees by using OriginPro 2021 statistical software program [40]. The
treatments were compared using the Fisher LSD test.

3. Results and Discussion
3.1. Fruit Retention

The use of biochar (BC) significantly affects fruit retention (FR) (Figure 2A). Applica-
tion of 20 and 40 Mg/ha of BC significantly improved retention of mango fruit compared
to control treatment. No significant change in FR was noted when 5 and 10 Mg/ha of BC
were applied (Figure 2B). Increased fruit retention by BC could be attributed to its role in
enhancing nutrient uptake, photosynthetic efficiency and source-sink relationship and its
antagonistic effect on transpiration and respiration [41]. Due to these enhancements in
growth and physiological attributes of the plant, this fruit retention also leads towards an
increase in the yield of the mango plant. Better uptake of boron in mango leaves improves
the synthesis of auxin in the fruit petiole. Such enhancement in the biosynthesis of auxin
strengthens the fruit petiole and thus increases fruit retention [42]. A high concentration
of ethylene causes premature aging and rotting of fruits [42]. Biochar application also
played an imperative role in the alleviation of different abiotic stresses, which decreases
endogenous stressor ethylene [13,43—45]. Many catalytic activities during biochemical
reactions of mango trees also trigger the dropping of premature fruits. Balanced uptake of
potassium can control these catalytic actions, significantly improving fruit retention [46,47].
Such improvement in B and K was also observed in the nutrient concentrations of leaves in
the current study.

3.2. Fruit Weight

Results showed that different levels of applied BC significantly affected mango fruit
weight. The highest rate of BC (40 Mg/ha) showed a significant effect in improving
the weight of the fruit over control (Figure 3A). Figure 3B shows the statistically sig-
nificant changes in fruit weight due to the application of different rates of BC. Biochar
can cause increases in plant growth and physiological attributes in terms of nutrient up-
take and more photosynthesis [48-51] and therefore cause a significant increase in fruit
weight; in the present study, the impact of treatments on fruit weight (FW) was significant.
Jayappa et al. [52] have reported that BC effectively increases plant growth and mango fruit
weight through changing plant root structure and improving water and nutrient uptake.
According to Dutta [53] and Baieai [46], the better uptake of nutrients plays an imperative
role in increasing the fruit weight.

3.3. Fruit Yield

According to the results of the analysis of variance, it was observed that with increas-
ing the rates of BC, fruit yield showed a significant increase, and the highest and lowest
fruit yields were obtained from the application of 40 Mg/ha of BC and control, respectively
(Figure 4A). As shown in Figure 4B, the results indicate the significant (p < 0.05) effects
of BC applications. In the present study, the increase in fruit yield due to the use of BC
could be attributed to an improvement in plant water and nutrient status, which causes
an increase in leaf longevity and production of more photosynthetic material for transfer
to sinks and increasing flowering period and flower durability [52,54,55]. Greater flower
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production means greater fruit yield in terms of fruit retention, thickness and weight.
Ram et al. [56] reported improved yield of mango fruit (134.64 kg/tree) and total soluble
solids contents in fruit (24.93 °Brix) as a result of the use of soil amendments. According
to the observed results, fruit yield has a positive correlation with BC, sugar content, total
solid sugars and ash content and a negative correlation with acidity. Better uptake of K
and B helped to improve phyto-assimilation and carbohydrate synthesis [57].

A ab a

Cor;trol 5 M;;Iha 10 Mlglha 20 Mlglha 40 Mlglha
Biochar Application Rates

0.071 —
0.06- p=0.036

9 _ p < 0.001

gy = 0,036
= 0.05- p
=

(=

)

n.s.

Control 5 Mg/ha 10 Mg/ha 20 Mg/ha 40 Mg/ha
Biochar Application Rates

Figure 2. Effect of different biochar application rates on mango fruit retention. Bars are mean of
9 replicates. Different letters show a significant difference at p < 0.05 (A). The probability value
hierarchy for fruit retention is provided in (B).
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Figure 3. Effect of different biochar application rates on mango fruit weight. Bars are mean of
9 replicates. Different letters show a significant difference at p < 0.05 (A). The probability value
hierarchy for fruit weight is provided in (B).

3.4. Sugar Contents

Fruit quality was also affected by the BC different levels and showed a significant up-
ward trend. The highest fruit sugar content was obtained from the treatment of 40 Mg/ha,
which did not show a statistically significant difference with the level of 20 Mg/ha; the
lowest sugar content was observed for the control treatment, which had no statistical
difference from the level of 5 Mg/ha (Figure 5A,B). According to Tohidloo and Souri [58],
plants use both active and passive mechanisms for the better uptake of B. However, under
deficiency of B, xylem uptake is the most common pathway. Sugar alcohols, i.e., sorbitol
and mannitol, also help in the re-translocation of B, thus helping in the alleviation of B
deficiency. One of the reasons for the increase insugar content of fruit with BC is better
access to water and nutrients by plants [15,59]. Thisaffects the plant’s structure and activity,
and increasing leaf area and production of more carbohydrates led to an increase in the
fruit sugar content [14]. The correlation results show a negative relationship between sugar
content and the acidity of mango fruit.
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Figure 4. Effect of different biochar application rates on mango fruit yield per plant. Bars are mean of
9 replicates. Different letters show a significant difference at p < 0.05 (A). Probability value hierarchy
for fruit yield per plant is provided in (B).

3.5. Acidity

Acidity is one of the criteria for measuring the quality and durability of fruit. All
levels of BC decreased fruit acidity compared to the control; the lowest fruit acidity (12%)
was obtained from the 40 Mg/ha treatment, and the highest fruit acidity (21%) was found
for the control treatment (Figure 6A). According to the results obtained, there were signifi-
cant (p < 0.05) differences between treatments (Figure 6B). Results of Pearson correlation
indicated that fruit acidity has no positive correlation with other traits. BC modifies fruit
quality by reducing the H* activity in the rhizosphere and increasing the pH in the plant’s
root environment [60,61], followed by soil fertility and moisture, and changes the ratio of
acid to fruit sugar by reducing fruit acidity [62].



Horticulturae 2021, 7, 418 10 of 17

19.5- ab

2 18.0- bc

CIC.) J —
= i cd

L)17IL d - E;;g

= 16.5

216.0{

.

i

Control 5 Mg/ha 10 Mg/ha 20 Mg/ha 40 Mg/ha

Biochar Application Rates

45_ B p < 0.001

32 40+ ‘ b < 0.001
o 351 | ~ p< 0,001
cC ] p <0.01
g 301 p<0.01 ‘
25‘ [ n.s. n.s. ! n.s. n.s.

Sugar Cont

Control 5 Mg/ha 10 Mg/ha 20 Mg/ha 40 Mg/ha
Biochar Application Rates

Figure 5. Effect of different biochar application rates on mango fruit sugar contents. Bars are mean of
9 replicates. Different letters show a significant difference at p < 0.05 (A). Probability value hierarchy
for fruit sugar contents is provided in (B).

3.6. Ash Contents

The ash content is a measurement of the total inorganic matter of the fruit. The
results indicated that the highest ash contents were obtained with the application rates
of 20 and 40 Mg/ha BC, which were not significantly different from each other. The
lowest ash content belonged to the control treatment (Figure 7A). This increase in ash
content may be due to the positive role of biochar in improving the nutrient status of
the fruits due to mineral ion translocation and accumulation [63,64]. In ash contents, no
significant changes were observed between 20 and 40 Mg/ha (Figure 7B). Because ash
content includes minerals, that’s why increase in ash content enhanced the more nutrients
uptake in plant [34,65]. Ash content had a significant positive correlation with other traits
except for acidity.
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Figure 6. Effect of different biochar application rates on mango fruit juice acidity. Bars are mean of
9 replicates. Different letters show a significant difference at p < 0.05 (A). Probability value hierarchy
for fruit juice acidity is provided in (B).

3.7. Total Soluble Solids (TSS) Content

The total soluble solids (TSS)content is an important characteristic for products that
are sold fresh since consumers prefer sweeter fruits [66]. With increasing BC application
rates, TSS showed an increasing trend. This increase was more evident in 40 Mg/ha, with
no statistically significant difference between 40, 20 and 10 Mg/ha BC for TSS (Figure 8A).
The 5 Mg/ha BC treatment showed a significant difference in TSS compared to control
(Figure 8B). The addition of BC with a significant reduction in soil compaction provides
a large soil area in terms of water and nutrients reaching the plant roots. It converts
polysaccharides and starch into simple sugars, increasing the fruit’s storage [67]. Abo-
Ogiala [68], in a study on the impact of wood sawdust BC on the quality traits of banana
fruit, observed that 20 Mg/ha BC addition to saline soils improved sugar contents, total
solid sugars, starch and mineral content of leaves.
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Figure 7. Effect of different biochar application rates on mango fruit ash contents. Bars are mean of
9 replicates. Different letters show a significant difference at p < 0.05 (A). Probability value hierarchy
for fruit ash contents is provided in (B).

3.8. Nutrient Concentrations

The effect of treatments on nitrogen (N), phosphorus (P), potassium (K) and boron
(B) was significant. Increasing the level of biochar enhanced the uptake of N, P, K and B.
For nitrogen, 20 Mg/ha biochar remained significantly best among all biochar application
rates compared to control. Compared to control, no significant change in N was noted
when 5 Mg/ha biochar was applied. For P, K and B, 20 Mg/ha biochar also remained
significantly better among all biochar application rates. Compared to control, maximum
increases of 21%, 50%, 26% and 40% were observed in N, P, K and B, respectively, when
20 Mg/ha biochar was applied (Table 1). Under alkaline conditions, the application of
acidified carbon improved physiochemical conditions. Such improvements in soil pH, EC
and organic matter mobilized the immobile nutrients of soil, thus enhancing their uptake
in the plants [16,69].
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Figure 8. Effect of different biochar application rates on mango fruit TSS. Bars are mean of 9 replicates.

Different letters show a significant difference at p < 0.05 (A). Probability value hierarchy for fruit TSS
is provided in (B).

Table 1. Effect of different biochar application rates on leaf nutrient concentrations.

Treatments Nitrogen Phosphorus Potassium Boron
Control 0.754+0.03d 0.084+0.001c 0354+0.003d 1523+0.10e
5 Mg/ha biochar 0.77 £0.04d 011 £0.007b  0.35+0.004d 16.11+0.12d
10 Mg/ha biochar 0.85+0.01 ¢ 0.114+0.003b  038+0.001c 19.74+0.30b
15 Mg /ha biochar 0.88 +£0.01b 0.114+0.005b  0.40+0.003b 1855+ 0.11c
20 Mg/ha biochar 091+£0.02a 0.12£0.002a 044 +0.005a 21.32+0.15a

Means are average of 9 replicates & standard error. Different letters show a significant difference at p < 0.05.

Pearson correlation indicates a significant positive correlation of total soluble sugar
content with traits other than acidity. In all the attributes studied in pearson correlation
acidity was significant netive in correlation (Figure 9). Arrows indicate each trait’s loadings
and the first two components, which comprised 89.3% of the total variation for seven traits.
The percentages of total variance are represented by principal component 1 (PC1) and
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principal component 2 (PC2) (Figure 10). The analysis also showed that the acidity of fruit
juice was opposite in direction and was distant from the other studied attributes. FR had
the same direction as the group of other studied attributes, but it was distant from them.

Biochar

1.0
: - *** p<=0.001
Biochar / Sugar Contents 0.80
Sugar Contents , // ety 060
ACIdIty \ \ // Ash Contents [
— 0.20
Ash Contents , , \
— 0.0
1ss| 47 &7 -
YP / , \ 0.40
ol 4 A
-0.80
LVl 4D
-1.0

Figure 9. Pearson correlation for mango fruit attributes affected by different biochar application rates. Red color indicates
positive correlation; blue color indicates negative correlation. Intensity of color shows the strength of correlation between
attributes. TSS = total soluble solids; YP = yield per plant; FR = fruit retention; FW = fruit weight.

-0.4 -0.2 0.0 0.2 0.4 °  '0Mgha
. : . . , , , , : ® 20 Mg/ha
4 ® 40 Mg/ha
1 hd 5 Mg/ha
3 Control
2 _- 95% Confidence Ellipse for 10 Mg/ha

95% Confidence Ellipse for 20 Mg/ha
95% Confidence Ellipse for 40 Mg/ha
95% Confidence Ellipse for 5 Mg/ha

95% Confidence Ellipse for Control
™ Loadings

PC2 (8.3%)
o

-6 -4 -2 0 2 4 I 6
PC1 (81.0%)

Figure 10. Principal component analysis for observed attributes of mango affected by different biochar application rates.
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4. Conclusions

It is concluded that acidified biochar can improve the yield of mango cv. Sufaid
Chaunsa. Application of 40 Mg/ha acidified biochar significantly increased sugar content,
fresh weight and fruit retention when applied in salt-affected soils. Among the different
levels of biochar application, we recommend the application level of 40 Mg/ha as the better
treatment for decreasing the acidity of fruit juice of mango cv. Sufaid Chaunsa. Pearson
correlation also showed that acidified biochar showed a significant positive correlation with
all quality and yield attributes except fruit juice acidity (significant negative correlation).
The PCA also validated the positive effects of acidified biochar on mango cv. Sufaid
Chaunsa in saline soil. In the future, investigations considering different climatic zones,
soil types and mango cultivars, along with cost analysis and effects of acidified biochar
as a soil amendment on soil characteristics, are needed to declare 40 Mg/ha as the best
treatment for improvement in yield and quality attributes of mango.
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