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ABSTRACT

he present study was carried out in the Department of Fruit Science, College of Agriculture, Vellayani, Thiruvananthapuram,

Kerala, India during October, 2020 to November, 2021 to evaluate the effect of soil application of organic Nano-NPK
formulation on fruit yield and quality in banana cv. Nendran. The earliest bunch emergence (164.62 days) was noticed in T, (soil
test-based KAU POP recommendation) and it was on par with T, (45 g Nano-NPK in 6 splits). Application of 45 g Nano-NPK in
6 splits (T,) resulted in the highest number of hands bunch (4.84), maximum values for length of finger (23.59 cm), girth of finger
(13.26 cm), pulp-peel ratio (3.55) and total biomass yield. T, and T', significantly improved the bunch weight, number of fingers
bunch™, number of fingers in D hand and weight of fingers. T, recorded the highest values for total sugars (19.94%), reducing
sugars (15.17%), total carotenoids (303.67 mg 100 g™*), sugar-acid ratio (63.92), ascorbic acid content (2.2%) and moisture content
(24.95%).T, recorded the highest peel thickness (3.06 mm), which was on par with T.. T, (45 g Nano-NPK in 6 splits) also recorded
the longest shelflife (10.15 days) and the fruits took longer time for ripening (6.32 days). The study revealed that the application of
45 g granular organic Nano-NPK in 6 splits along with 10 kg FYM and 100 g lime plant™ year™ increased the overall growth,
yield and quality of banana cv. Nendran with high net income and B:C ratio.

KEYWORDS: Banana Nendran, fruit yield, Nano-NPK, organic, quality

Citation (VANCOUVER): Deepa et al., Effect of Organic Nano-NPK Formulation on Fruit Yield and Quality in Banana Cv. Nendran (Musa
AAB). International Journal of Bio-resource and Stress Management, 2022;13(11), 1141-1147. HTTPS://DOI.ORG/10.23910/1.2022.3066.

Copyright: © 2022 Deepa et al. This is an open access article that permits unrestricted use, distribution and reproduction in any medium
after the author(s) and source are credited.

Data Availability Statement: Legal restrictions are imposed on the public sharing of raw data. However, authors have full right to transfer
or share the data in raw form upon request subject to either meeting the conditions of the original consents and the original research
study. Further, access of data needs to meet whether the user complies with the ethical and legal obligations as data controllers to allow
for secondary use of the data outside of the original study.

Funding: The research was conducted with the kind and support from institute.

Conflict of interests: The authors have declared that no conflict of interest exists.

RECEIVED on 29" April 2022 RECEIVED in revised form on 16™ October 2022  ACCEPTED in final form on 02" November 2022 PUBLISHED on 15" November 2022

»
2. © 2022 PP House 1141


mailto:reshmi.cr%40kau.in?subject=Click%20Here
https://orcid.org/0000-0003-0798-0825
https://orcid.org/0000-0003-0967-5429
https://orcid.org/signin

Deepacet al, 2022

1. INTRODUCTION

Banana is an important fruit crop in the tropics and
subtropics (van Asten et al., 2011, Hinge et al., 2022)
and it is native to the tropical region of Southeast Asia
(Archith et al., 2021). Banana is a leading crop in world
agricultural production and trade (Lamassa, 2021). It is
an important source of livelihood for marginal farmers of
Asia and South-east Asia (Sreedharan et al., 2013) and it
provides staple food for more than four hundred million
people worldwide (Thangavelu et al., 2021). Banana fruit
is easily digestible and is rich in carbohydrate. It is one of
the best sources of potassium. Moreover, it is affordable

and available throughout the year (Wardhan et al., 2022).

Nendran is a popular variety of banana in Kerala and other
parts of southern India. (Meghwal et al., 2021), where the
production is largely market oriented. It is a dual-purpose
banana, and the crop gives an attractive net income. Being
nutrient exhaustive (Leonel et al., 2020), proper scheduling
of plant nutrition is very important in banana for realising
potential yields (Bashma and Sudha, 2020). The efficiency
of nutrient uptake and utilization by plants seems to be
significantly affected by the application of excessively high
doses of chemical fertilizers (Kalwani et al., 2022). On
the other hand, nutrient use efficiencies of conventional
tertilizers are very low. Around 50-70% of the soil applied
nitrogen is lost through various means. The efficiency of
phosphate fertilizers is 10-25%, and that of potassium
is 35-40% (De Rosa et al., 2020). The intensive use of
mineral fertilizers has negatively affected soil and water
quality worldwide (Bashir et al., 2020). In particular, the
use of conventional N fertilizers has caused substantial N
losses to the environment (Banger et al., 2017). The surplus
N released from the conventional fertilizers pollutes the
environment and causes climate change (Umar et al., 2022).
Nano-fertilizers have emerged as promising alternative smart
tertilizers to ensure high crop production and soil restoration
(Zulfiqar et al., 2019). Owing to the small size, nanoparticles
have very high surface area, ion adsorption capacity, cation
exchange capacity and complexation capacity (Shang et al.,
2019). Nano-fertilizers help in increasing the bioavailability
and uptake of minerals thereby decreasing fertilizer wastage,
and protecting the environment (Tarafdar et al., 2014). The
use of nano-fertilizers is promising for nutrient translocation
to the desired areas in plants (Deepa et al., 2015).

Nano-fertilizers mainly delay the release of the nutrients
and extends the fertilizer effect period. (Veronica et al.,
2014). Crops can absorb nutrients slowly and sustainably
because the nanostructure of these fertilizers provides a
high surface-to-volume ratio (Monreal et al., 2016) which
in turn reduces the frequency of application (Mandal and
Lalrinchhani, 2021). The intervention of nanotechnology

»
&, © 2022 PP House

along with organic farming practice can help in minimizing
the mass volume requirement of conventional chemical
fertilizers (Kumar et al., 2022).

According to Jubeir and Ahmed (2019), using nano
fertilizers and NPK enhances the vegetative and fruit
characteristics of date palm. The greenhouse cucumber
fertigated with 40% RDF as nano fertilizer recorded
maximum number of pickings and number of fruits per
vine accounting for maximum increase in marketable yield
compared to water soluble fertilizers (Modi et al. 2021).
Benefits of nanoparticle application in fruit crops include
fruit productivity, quality and shelf life through their
positive effects on anatomical, morphological, physiological,
physicochemical and molecular traits (Sharma et al. 2021)

The utilization of nanotechnology in fruit crops especially
banana still remains unexplored. Hence, the present study
was conducted to assess the effect of soil application of
organic Nano-NPK formulation on fruit yield and quality

of banana cv. Nendran.
2. MATERIALS AND METHODS

he present study was carried out in the Department

of Fruit Science, College of Agriculture, Vellayani,
Thiruvananthapuram, Kerala, India from October,
2020 to November, 2021. The commercially available
granular organic Nano-NPK formulation was used as the
Nano-NPK source. Before the experiment, sample of the
Nano-NPK formulation was analysed using the standard
procedures. It contained N (1.97%), P (1.82%), K (2.96%),
Ca (0.33%), Mg (0.28%), S (0.62%), pH (7.79), EC (0.14
dS m™), organic carbon (2.35%) and humic acid (19.19%).
It recorded a pH of 7.79 and an EC of 0.14 dS m™.

The field experiment was carried out in the Organic Farm at
the College of Agriculture, Vellayani, Thiruvananthapuram,
which is located at 8°25'38" North latitude and 76°59'14"
East longitude and at an altitude of 19 m above MSL. The
major soil type of the site is laterite, and the texture are
sandy clay loam, moderately acidic with a pH of 5.9. Good
quality sword suckers of uniform size were used as planting
material for the field experiment. The experiment was laid
out in Randomized Block Design with eight treatments and
three replications and the suckers were planted at spacing of
2 mx2 m. The experiment was conducted with combinations
of 3 fertilizer doses (15 g, 30 g and 45 g) and 2 times of
application (2 splits and 6 splits). The treatments were 15 g
organic Nano-NPK formulation plant™ in 2 splits (T'), 15
g organic Nano-NPK formulation plant™ in 6 splits (T),),
30 g organic Nano-NPK formulation plant? in 2 splits
(T,), 30 g organic Nano-NPK formulation plant™ in 6
splits (T,), 45 g organic Nano-NPK formulation plant™ in
2 splits (T), 45 g organic Nano-NPK formulation plant™
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in 6 splits (T), soil test based KU POP recommendation-
133.86: 28.8: 338.4 g N: P,O.: K,O plant™ in 6 splits (T')
and the control (T}). Organic manure (10 kg FYM plant™)
was applied uniformly to all the treatments including the
control as basal dose. Lime was applied @ 100 g pit ™ based
on the soil analysis report in all the pits 2 weeks prior to
planting of suckers. The date of planting and date of visual
bunch emergence were recorded and the total duration
from planting to visual bunch emergence was expressed as
duration for bunch emergence in days. The date of planting
and date of harvest were recorded and the total duration
from planting to harvest was expressed as crop duration in
days. The total number of suckers produced after bunch
emergence in each plant was recorded. The weight of bunch
was measured including the portion of the peduncle up to
the first scar and was expressed in kg. After harvest, number
of hands in each bunch was counted and recorded. After
harvest, number of fingers in each bunch was counted and
recorded. After harvest, number of fingers in the D hand
(second hand from the top of the bunch) was counted
and recorded. For the finger characters, the index finger
(middle finger in the top row) of the D hand was selected
as the representative finger. The index finger in D hand
was separated and weighed and the weight was recorded in
g. Length of finger was recorded by measuring the index
finger through the convex side from the tip to the point of
attachment of the peduncle using a thread and a scale and
was expressed in cm. The girth of mid portion of the index
finger was measured using a thread and a scale and was
expressed in cm. The weight of pulp and weight of peel of
index finger were measured separately and the pulp-peel
ratio was worked out. The rhizome, pseudostem, leaves
and bunch were weighed separately and by using this the
total biomass yield was calculated and was expressed in kg.
The index finger was used as the representative sample for

the quality analysis.

Ripe fruits were used for the quality analysis except for
starch analysis where unripe fruit was used. The top, middle
and bottom portions from each fruit sample were pooled
and macerated before analysis. The TSS was measured
using a hand refractometer. The fruit pulp was used to
determine the titratable acidity and it was expressed in %
anhydrous citric acid. The total carotenoids in the fruit pulp
were determined and was expressed in mg 100 g*. Raw
banana was used to determine the starch content and it was
expressed in % on fresh weight basis. The peel thickness
was measured using screw gauge and it was expressed in
mm. The total sugars of the sample were estimated by
using the method suggested by Anonymous (1975) and
it was expressed in % on fresh weight basis. The reducing
sugar of the sample was estimated and was expressed in
% on fresh weight basis. The non-reducing sugar of the
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sample was estimated by deducting the values of reducing
sugar from total sugars of the sample. The sugar acid ratio
of sample was estimated by dividing the value of total sugars
by the value of acidity of the sample. Ascorbic acid present
in the sample was estimated and was expressed in mg 100
g™ of pulp. Moisture content of fruit was estimated with
the help of moisture meter and was expressed in %. Days
from harvest of bunches to ripening of fingers were counted
and recorded. The shelf life of fruit at room temperature
was determined by counting the days from harvest till the
appearance of black spots on the surface of peel without
reducing the edible qualities.

The Benefit-cost ratio (BCR) was calculated using the
following formula, BCR=(Gross income (% ha"))/(Cost of
cultivation (% ha™))

Statistical analysis of observed data was done by applying
the technique of analysis of variance for Randomized Block

Design (Panse and Sukhatme, 1985).
3. RESULTS AND DISCUSSION
3.1. Fruit yield parameters

3.1.1. Duration for bunch emergence and crop duration

The study revealed that the duration for bunch emergence
ranged from 164.62 days in soil test-based POP
recommendation to 180.60 days in the control plot (Table
1). The shortest duration for bunch emergence was noticed
in T, (164.62 days) and it was on par with T, (167.57
days). Both these treatments were applied in six splits.
The shortened duration for bunch emergence with split
application of major nutrients could be due to the vigorous
growth of plants which accelerated the achievement of

Table 1: Effect of treatments on duration for bunch
emergence, crop duration and sucker production after bunch
emergence

Treatments Duration Crop Sucker
for bunch duration production
emergence (days) after bunch

(days) emergence

T, 179.41a 265.55 5.23

T, 170.56bcd 256.52 4.56

T, 173.82b 263.26 4.62

T, 169.61cd 257.69 6.11

T, 171.93bc 258.26 6.67

T, 167.57de 253.63 9.78

T, 164.62¢ 255.55 6.22

T, 180.60a 268.23 3.78

SEmz+ 1.35 1.25 0.31

CD (p=0.05) 4.11 3.78 0.93

1143



Deepacet al, 2022

the required net assimilation rate leading to early bunch
emergence. A similar trend was observed in crop duration
also. The longest crop duration (268.23 days) was exhibited
by T, (control) and it was on par with T,. This might be
attributed to the unavailability of sufficient nutrients during
the critical growth stages of the crop which in turn resulted
in the delayed bunch emergence. Thangaselvabhai et al.
(2009a) also reported early bunch emergence and shorter
crop duration with split application of major plant nutrients.

3.1.2. Sucker production after bunch emergence

The sucker production after bunch emergence ranged from
3.78 in the control to 9.78 in the treatment T, (Table 1).
The number of suckers is dependent on the nutritional
status of the mother plant. Application of 45 g organic
Nano-NPK formulation plant™ in 6 splits (T,) might have
resulted in greater uptake of nutrients leading to enhanced
sucker production. It was also observed that the number of
suckers was markedly influenced by the application of higher
levels of nitrogen (133.86 g plant™). The highest sucker
production (9.78) associated with the treatment T, could
be due to the availability of nitrogen, which might have
increased the overall vegetative growth of the plants thereby
increasing the number of suckers per plant. This finding is
in agreement with that of Tomer et al. (2021) in banana.

3.1.3. Number of hands and fingers and bunch weight

The study revealed that there was an increase in the number
of hands bunch™!, number of fingers bunch™”, number of
fingers in D hand and total bunch weight with increase
in the quantity of nutrients as well as number of splits of
application. Regarding the bunch weight and number of
fingers bunch™, treatments T, and T, were on par and
were found to be significantly superior to other treatments

(Table 2 and Figure 1). The treatment T, (4.84) showed
the highest number of hands bunch™. Bunch weight ranged
from 4.69 in T, to 8.85 in T, and the number of fingers
bunch™ ranged from 29.22 in T to 46.33 in T . This finding
agrees with the report of Thangaselvabai et al. (2009b) who
concluded that in order to ensure high yield of superior
quality bananas under tropical conditions, nutrients should
be applied in small doses at shorter intervals. In the case
of organic Nano-NPK formulation, slow-release nature of
the fertilizer and increased surface area of nano particles
might have enhanced the nutrient availability throughout
the growing period resulting in increased number of hands

Treatments
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Figure 1: Effect of treatments on bunch weight

Table 2: Effect of treatments on weight of bunch, number of hands per bunch, number of fingers bunch™, number of fingers

in D hand, peel thickness, pulp - peel ratio, length, weight and girth of finger and total biomass yield

Treat- Weight No. of No. of No. of Peel Pulp-  Weight Length Girthof  Total
ments of bunch  hands fingers  fingersin thickness peel  of finger of finger biomass
(kg) bunch®  bunch? D hand (mm) ratio (g) finger (cm) yield
(cm) (kg)
T, 4.69¢ 3.61¢ 32.22¢ 8.38e 2.46f 2.67¢  158.33¢  20.30¢ 12.09¢ 30.99¢
T, 5.57 4.04¢ 33.33¢ 8.89¢d 2.61¢ 2.88¢ 17236 21.12¢ 12.46>  32.63%
T, 4.774 4.00¢ 33.66¢ 8.94¢d 2.54¢ 2.86%  160.78¢ 21.37¢ 12.30¢ 35,15«
T, 5.44¢ 4.29% 37.22¢ 8.89 2.82¢ 3.13  171.56° 21.38° 12.71° 37.99¢
T, 6.96° 4.37° 42.56° 9.57b 2.56% 2,984 190.89* 21.96° 12.47 41.73b
T, 8.77 4.84 46.33¢ 10.25%® 3.06* 3.55*  201.11* 23.59 13.26° 49.73¢
T, 8.85% 4.52° 45.11° 10.33¢ 2.99° 321> 196.89*  21.60b  12.42°¢  4533b
T, 4.86¢ 3.27¢ 29.22¢ 7.77¢ 2.31¢ 2.46f  152.78  19.75¢ 11.64 26.76¢
SEmz 0.17 0.10 0.82 0.23 0.02 0.06 1.79 0.19 0.12 0.85
CD 0.51 0.29 2.49 0.71 0.07 0.19 5.42 0.57 0.36 2.58
(p=0.05)
w
. © 2022 PP House 1144



International Journal of Bio-resource and Stress Management 2022, 13(11):1141-1147

bunch™, fingers bunch™ and number of fingers in D hand.

3.1.4. Length and girth of fingers, pulp-peel ratio and total
biomass yield.

The highest values for length of finger (23.59 c¢m), girth
of finger (13.26 cm), pulp peel ratio (3.55) and total
biomass yield (49.73kg) were recorded in T, which was
immediately followed by T, (Table 2). This could be
attributed to the better growth during vegetative phase and
balanced availability of major nutrients during reproductive
phase due to the split application of nutrients. The split
application of nitrogen might have increased the availability
of nitrogen which improved the cell expansion process,
pulp development, length of fruit and girth of fruits.
Increased biomass yield could be due to application of

optimum quantity of fertilizers during the critical stages
of crop growth. In maize, an increased yield and biomass
production was obtained with the application of zeolite
based nano nitrogen because of increased N availability

and reduced N loss (Manikandan and Subramanian, 2015)
3.2. Fruit quality parameters

The fruit quality parameters were found to be influenced
by the different treatments. The treatment T, recorded the
highest values for T'SS (25.67°B), total carotenoids (303.67
mg 100 g), starch content (22.76%), total sugars (19.94%),
reducing sugars (15.17%), sugar-acid ratio (63.92), ascorbic
acid content (2.24 mg 100 g™), moisture content (24.95%),
days taken for ripening (6.32 days) and shelf life (10.15
days) of fruits (Table 3 and 4). According to Mustaffa et

Table 3: Effect of treatments on T'SS, acidity, total carotenoids, starch content, total sugars, reducing sugars, non-reducing

sugars and sugar acid ratio

Treatments  TSS (°B)  Acidity Total Starch Total Reducing  Non-reducing ~ Sugar-
(%) carotenoids (mg  content (%) sugars (%) sugars (%)  sugars (%)  acid ratio
100 g™)

T, 22.67 0.323 243.12 19.64 17.94 12.98 4.89 55.57
T, 23.33 0.323 263.20 21.02 17.95 13.63 4.55 55.55
T, 23.67 0.353 272.47 19.58 18.03 13.39 4.47 51.10
T, 25.33 0.330 288.33 21.30 18.37 13.85 4.31 55.69
T, 25.33 0.330 282.86 22.39 19.49 13.71 5.64 59.30
T, 25.67 0.313 303.67 22.76 19.94 15.17 4.59 63.92
T, 23.67 0.343 239.96 22.67 18.65 14.11 4.27 54.40
T, 21.33 0.380 227.48 17.24 16.51 12.62 3.80 43.58
SEm= 0.42 0.012 4.04 0.34 0.14 0.08 0.06 1.94

CD (p=0.05) 1.27 0.037 12.26 1.04 0.42 0.24 0.19 5.87

Table 4: Effect of treatments on ascorbic acid, moisture
content of fruits, days taken for ripening after harvest and
shelf life of fruits at ambient condition

Treatments  Ascorbic Moisture Days taken  Shelf
acid (mg  content for ripening  life
100 g™) (%) (days) (days)
T, 22.67 0.323 243.12 19.64
T2 23.33 0.323 263.20 21.02
T, 23.67 0.353 272.47 19.58
T, 25.33 0.330 288.33 21.30
T, 25.33 0.330 282.86 22.39
T, 25.67 0.313 303.67 22.76
T, 23.67 0.343 239.96 22.67
T, 21.33 0.380 227.48 17.24
SEm=+ 0.42 0.012 4.04 0.34
CD (p=0.05) 1.27 0.037 12.26 1.04
w
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al. (2004), nutrient composition of banana fruits depends
on the available nutrients in the soil. Nano-fertilizers have
larger surface area, which made the nutrient absorption
easier by the plants, and ultimately improved the quality
traits also. Tisdale and Nelson (1966) also concluded that
the increased uptake of potassium counteracts the functions
of organic acids and thus reduce the acidity in banana fruits.
Similar observation was made in the present study where
the split application of organic Nano-NPK formulation
at a higher dose (45 g) increased the uptake of potassium
and thus reduced the acidity in fruits. In the case of peel
thickness of fruits, the lowest value was recorded by the
plants in the control plot. This might be attributed to the
unavailability of major plant nutrients to the plant during
its critical growth stages.

3.3. Economic analysis
The highest net income was obtained from T, (X 656150 ha®

') and it was on par with T, (¥ 637550 ha™'). The lowest net
returns were obtained from T’ (¥ 206900 ha™*). The highest
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B:C ratio was recorded by T (2.99) and it was significantly
superior to all other treatments (Table 5).

Table 5: Effect of treatments on net income and BCR

Treatments Net income (% ha™) BCR
T, 206900 1.64
T, 305150 1.95
T, 211400 1.65
T, 286025 1.88
T, 452900 2.37
T, 656150 2.99
T, 637550 2.78
T, 229775 1.72
SEm+ 18957.31 0.06
CD (p=0.05) 15501.07 0.18

4. CONCLUSION
Ithough T, (45 g Nano-NPK in 6 splits) and T, (soil

test-based POP recommendation in 6 splits) were on
par in terms of the highest net income, the highest B:C
ratio was observed in T,. Conclude, the application of 45
g granular organic Nano-NPK in 6 splits along with 10 kg
FYM and 100 g lime plant™ year™ significantly increased
the yield and quality of banana cv. Nendran with high net
income and BC ratio.
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