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ABSTRACT

Kinnow mandarin (Citrus reticulata Blanco), a prominent citrus fruit in tropical and subtropical regions,
particularly North India, faces production challenges due to micronutrient deficiencies, especially in zinc
and boron. This study explores the impact of foliar nutrient applications on Kinnow growth and yield,
addressing critical parameters such as average fruit weight, number of fruits per plant, fruit yield per
plant, number of seeds per fruit, and seed weight per fruit. Using a series of nutrient treatments, the
research assessed the effectiveness of various combinations on these key metrics. Results reveal that
applying a foliar mixture of 1.5% zinc sulfate, 0.6% boric acid, and 0.5% potassium sulfate significantly
improves all evaluated parameters. Specifically, this nutrient regimen enhanced average fruit weight,
increased fruit count per plant, boosted total fruit yield, optimized seed count per fruit, and elevated seed
weight per fruit. These findings underscore the importance of targeted micronutrient management in
maximizing Kinnow mandarin production and quality. This study provides actionable insights for
improving Kinnow cultivation practices, potentially leading to increased agricultural productivity and

economic benefits in the region.
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Introduction

The Kinnow mandarin (Citrus reticulata Blanco),
a hybrid of the "King" and "Willow Leaf" mandarins,
has risen to prominence as a significant citrus fruit in
North India, known for its exceptional flavor, vibrant
color, and economic value. This hybrid fruit is
distinguished by its deep yellowish-orange hue,
aromatic richness, and a refreshing taste that has
captured both domestic and international markets
(Kumar et al., 2022). Kinnow mandarin cultivation is
concentrated in the subtropical regions of Punjab,
Haryana, Rajasthan, and Himachal Pradesh, where it
has flourished due to its adaptability to diverse agro-
climatic conditions and its impressive yield potential
(Singh et al., 2023). The fruit’s economic significance
is underscored by its extensive cultivation area, with
approximately 473,000 hectares dedicated to Kinnow

production in India, and Haryana alone contributing
around 58,000 hectares to this total (Sharma et al.,
2024).

The increasing global demand for citrus fruits has
further highlighted the importance of optimizing
Kinnow mandarin production. Its favorable processing
qualities and high juice content align with
contemporary consumer preferences for healthy,
flavorful food options (Gurjer et al., 2018). In this
context, improving production efficiency and fruit
quality has become a major focus of agricultural
research.

Recent research has increasingly focused on the
role of foliar nutrient applications in enhancing the
growth, yield, and quality of Kinnow mandarins, with
particular attention to the effects of micronutrients such
as boron, potassium, and zinc. Boron has been found to
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positively impact fruit size, weight, and yield, as well
as improve fruit coloration and reduce fruit drop by
promoting cell elongation and better nutrient uptake
(Li et al., 2021). Similarly, potassium has been shown
to significantly enhance fruit attributes, including
weight, count, and firmness, while also extending shelf
life, which is crucial for both domestic and export
markets (Patel et al., 2022). Zinc plays a vital role in
improving fruit weight, color, and overall quality,
while also strengthening plant resistance to biotic
stresses, contributing to higher productivity (Reddy et
al., 2023). Furthermore, recent studies have
demonstrated that combined foliar applications of
boron, potassium, and zinc lead to significant
improvements in fruit yield, quality, juice content, and
total soluble solids (TSS) (Sharma et al., 2022; Gupta
et al., 2023; Singh et al., 2023). These findings
highlight the critical role of micronutrient management
in optimizing Kinnow mandarin cultivation and
enhancing its economic potential. Recent research has
increasingly focused on the role of foliar nutrient
applications in enhancing the growth, yield, and quality
of Kinnow mandarins, with particular attention to the
effects of micronutrients such as boron, potassium, and
zinc. Boron has been found to positively impact fruit
size, weight, and yield, as well as improve fruit
coloration and reduce fruit drop by promoting cell
elongation and better nutrient uptake (Li et al., 2021).
Similarly, potassium has been shown to significantly
enhance fruit attributes, including weight, count, and
firmness, while also extending shelf life, which is
crucial for both domestic and export markets (Patel et
al., 2022). Zinc plays a vital role in improving fruit
weight, color, and overall quality, while also
strengthening plant resistance to biotic stresses,
contributing to higher productivity (Reddy et al.,
2023). Furthermore, recent studies have demonstrated
that combined foliar applications of boron, potassium,
and zinc lead to significant improvements in fruit yield,
quality, juice content, and total soluble solids (TSS)
(Sharma et al., 2022; Gupta et al., 2023; Singh et al.,
2023). These findings highlight the critical role of
micronutrient management in optimizing Kinnow
mandarin cultivation and enhancing its economic
potential.

Recent research underscores the importance of
micronutrient applications in optimizing Kinnow
mandarin production. Patel et al. (2024) expanded on
this by examining the effects of magnesium, alongside
boron, potassium, and zinc, finding that a holistic
nutrient strategy boosts fruit yield and quality. Verma
et al. (2024) further highlighted the benefits of
incorporating manganese with zinc and boron,
improving fruit weight, juice content, and reducing
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fruit drop, leading to higher marketable yields. Kinnow
mandarin, a hybrid of "King" and "Willow Leaf"
mandarins, is a key citrus fruit in North India, known
for its distinctive flavor and high juice content (Kumar
et al., 2022). Its cultivation is growing in regions like
Punjab, Haryana, and Rajasthan due to its adaptability
and high yield potential (Singh et al., 2023). Despite its
success, challenges such as micronutrient deficiencies,
especially in zinc and boron, can impact yield and
quality (Obeed et al., 2017; Davinder et al., 2017).
Proper nutrient management is essential for sustaining
Kinnow mandarin’s economic viability and
competitiveness.

Recent research highlights the importance of
micronutrient application in enhancing the growth,
yield, and quality of Kinnow mandarin. Foliar
treatments, such as zinc sulfate, boric acid, and
potassium sulfate, have been found to improve fruit
parameters like weight, length, and diameter, as well as
quality traits including juice content and total soluble
solids (TSS) (Rana et al., 2023; Razzaq et al., 2013;
Babu et al., 2007). These studies emphasize the need
for integrated nutrient management to optimize
Kinnow cultivation and ensure its economic viability.

As global demand for citrus fruits rises,
understanding the factors affecting Kinnow mandarin
production is crucial for maintaining competitiveness
and maximizing its agricultural potential (Yadav et al.,
2014). Kinnow cultivation in India spans about
473,000 hectares, with Haryana contributing
approximately 58,000 hectares. Zinc plays a vital role
in optimizing growth, improving plant height, leaf
growth, fruit set, root development, and disease
resistance, ultimately enhancing productivity and fruit
quality (Chaudhary et al., 2016; Zaman et al., 2019).
Boron also impacts fruit growth, especially length, by
promoting cell elongation and reducing fruit drop,
while improving quality and nutrient uptake.
Combined with other nutrients like zinc and potassium,
boron enhances fruit development, leading to better
yields and quality. Proper nutrient management is key
to successful Kinnow cultivation.

Material and Methods

The current study was carried out in 2023-2024
on ten-year-old Kinnow Mandarin trees at
Experimental Orchard and Post-harvest Technology
Laboratory of Department of Horticulture at CCS
Haryana Agricultural University, Hisar. These plants
were set aside specifically to collect data on various
physiological and biochemical parameters. The
delineation of materials and methods practiced in the
present study are as follows:
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Experimental site

Field trials were carried out in the Department of
Horticulture, CCS Haryana Agricultural University,
Hisar Experimental Orchard (29° 10" N latitudes and
75° 46' E longitudes), which is situated 215.2 m above
mean sea level. Hisar has a typical semi-arid climate,
with extremely cold winters and scorching, dry
summers. It is typical for the area to see highs of about
45°C in the summer, from May to June, and lows of
almost freezing in the winter, from December to
January. The amount of precipitation overall and how
it is distributed throughout the area are very variable.
Three replications of each treatment, including fifteen
combinations, were arranged in a randomized block
design. Plants that were marked after 10 years of
steady development and spaced six by six meters were
selected for the current study. Treatment details are
following:

Treatments

TlianO4 (1%)

Tz: ZnSO4 (15%)

Ts: Boron(0.3%)

T4: Boron (0.6%)

Ts: K»S0,4(0.25%)

Ts: K2SO,4(0.5%)

T;: ZnSO4(1%) + Boron (0.3%) + K,SO,4 (0.25%)
Ts: ZnSO,4(1%) + Boron (0.6%) + K,SO, (0.5%)

Ty: ZnSO4(1%) + Boron (0.3%) + K»,SO, (0.5%)

To: ZnSO, (1%) + Boron (0.6%) + K,S0,4(0.25%)
Ti1: ZnSO4(1.5%) + Boron (0.3%) + K>SO, (0.25%)
T1,: ZnSO, (1.5%) + Boron (0.3%) + K,SO, (0.5%)
Ti3: ZnSO4(1.5%) + Boron (0.6%) + K>SO, (0.25%)
T14: ZnSOy4 (1.5%) + Boron (0.6%) + K,SO, (0.5%)
Control (no application)

The materials and methods used for the current
studies are bestowed below the subsequent heads:

Fruit length (cm)

Digital Vernier Calipers were utilized to measure
the length of five randomly selected fruits from each
replication. The resulting average value was expressed
in centimeters.

Fruit breadth (cm)

Five randomly selected fruits from each
replication had their breadth measured using digital
Vernier Calipers and the average value was calculated
and displayed in centimeters.

Average fruit weight (g)

Five fruits were randomly selected from various
sections of the tree, weighed on a digital balance and
the average was reported in grams.
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Number of fruits per plant

At the time of harvesting, the total number of
fruits on the tree was counted and averaged.

Fruit yield (kg/plant)

The quantity of fruits on each tree was multiplied
by the average fruit weight and expressed in kilograms,
the total fruit output per tree was calculated.

Number of seeds per fruit

The seeds were extracted from fruits randomly
and no. of seeds extracted were counted and averaged.

Seeds weight per fruit (10 seeds per mg)

The seeds were extracted from fruits randomly
and number of seeds extracted were weighted on
electric balance and averaged.

Results and Discussion

Different treatments significantly improved
parameters such as fruit length, breadth, number of
fruits per tree, average fruit weight, and overall yield.
Application of T4 (Zinc sulphate 1.5% + Boric acid
0.6% + Potassium sulphate 0.5%) resulted in
maximum fruit length, number of fruits per tree,
average weight, and yield.

Accumulation of more nutrients in trees enables
efficient utilization for fruit development, thereby,
enhancing fruit diameter and yield. Improved flower
number, fruit set, and reduced fruit drop contributed to
higher number of fruits per tree and increased yield, as
evidenced in this study. Nutrient management can
enhance fruit yield by improving fruit number,
retention, and reducing fruit drop (Saleem et al., 2008;
Ashraf et al., 2010). Application of foliar Zn at full
bloom in guava trees increased fruit set, reduced pre-
harvest fruit drop, and increased yield compared to
control (Mansour & El-Sied, 1985). Zinc sulfate
application also increased berry weight, length, and
width in Beauty Seedless grape compared to control,
with 0.6 per cent ZnSO, producing the highest berry
weight (Daulta et al., 1983).

Fruit weight increased with potassium application,
likely due to increased photosynthetic rates leading to
increased carbohydrate production and dry weight
(Harold and George, 1966). Increased potassium
application also improved Murcott tangerine fruit
weight (Koller & Schwarz, 1995). Studies by Gill,
Singh, and Dhatt (2005); Rattanpal et al. (2008);
Sangwan et al. (2012); and Hamza et al. (2015) have
reported similar findings in citrus fruits, linking
increased potassium application in orchards to
increased fruit quantity and output per tree. Enhanced
canopy volume and vigorous vegetative growth due to
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potassium likely allowed greater sunlight interception,
increasing photosynthesis and carbohydrate production
to support developing fruits and flower buds (Gurjar et
al., 2015).

Maximum tree height (3.55 m), tree spread (3.98 m N-
S and 3.98 m E-W), and shoot length (102.92 cm) of
Kinnow mandarin were observed in trees sprayed with
0.2 per cent boric acid + 0.5 per cent zinc sulfate at
fruit set and peach size stage of fruit (Ty), compared to
minimum values in control. Micronutrients such as
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characteristics by catalyzing or stimulating various
plant physiological and metabolic processes. Zinc aids
in carbohydrate metabolism enzyme activity, while
boron is crucial for auxin transport regulation,
enhancing vegetative growth characteristics (Dutta et
al., 2011). Studies have shown that foliar Zn, Cu, and
B applications enhance photosynthesis and fruit yield
attributes, thereby, improving fruit yield and quality
(Manivannan et al., 2015)

zinc and boron positively impact vegetative
Table 1: Effect of different of nutrients on fruit size i.e., fruit length and fruit breadth of Kinnow mandarin
Fruit length Fruit breadth
Treatments

(cm) (cm)
T1:ZnSO, (1%) 5.93 6.90
Ty: ZnSO4 (1.5%) 6.00 7.27
Ts: Boron(0.3%) 5.67 6.80
T4: Boron (0.6%) 5.97 6.80
Ts: K,SO,4(0.25%) 5.83 7.03
Ts: K5SO4(0.5%) 5.60 7.03
T7: ZnSO4(1%) + Boron (0.3%) + K,S0,(0.25%) 5.77 6.80
Ty: ZnSO4(1%) + Boron (0.6%) + K,SO, (0.5%) 5.67 7.17
Ty: ZnSO4(1%) + Boron (0.3%) + K,S0, (0.5%) 6.00 6.40
T1p: ZnSO, (1%) + Boron (0.6%) + K,SO4(0.25%) 6.33 7.17
Tyi: ZnSO4(1.5%) + Boron (0.3%) + K,SO,4(0.25%) 5.33 7.10
T1,: ZnSO4 (1.5%) + Boron (0.3%) + K,SO,4(0.5%) 5.67 7.17
T3: ZnSO4(1.5%) + Boron (0.6%) + K,SO4(0.25%) 6.67 6.50
T14: ZnSO, (1.5%) + Boron (0.6%) + K,SO, (0.5%) 6.33 7.13
Control (no application) 5.33 6.27
C.D. at 5% level of significance NS 0.29

The data pertaining to fruit length (cm) shown in
table 1 revealed that fruit length and fruit breadth was
significantly affected by different nutrients. The
maximum fruit length was observed in Ty, ie., Zinc
sulphate (1.5%) + Boric acid (0.6%)+Potassium
sulphate (0.5%)( 6.33 cm)which was statistically
similar to Ty ie., Zinc sulphate (1%)+Boric acid
(0.6%)+Potassium sulphate (0.25%).The minimum
length was recorded in Tis i.e., control (5.33 cm)
similer to Tyjie., Zinc sulphate (1.5%)+ Boric acid
(0.3%)+Potassium  sulphate (0.25%). The data

presented in Table 1 indicate the effect of different
nutrients on fruit breadth. The maximum fruit breadth
was recorded in Tj i.e.,Zinc sulphate (1.5%), (7.27 cm)
which was statistically at par with Tg Zinc sulphate
(1%) +Boric acid (0.6%) + Potassium sulphate
(0.5%)(7.17 cm) Ty, Zinc sulphate (1.5%)+Boric acid
(0.3%) +Potassium sulphate (0.5%) (7.17 cm) or with
Ty Zinc sulphate (1%)+Boric acid (0.6%) +Potassium
sulphate (0.25%) having fruit breadth 7.17cm.The
minimum fruit breadth (6.27cm) was recorded in Ts
i.e., control.

Table 2: Effect of foliar application of different nutrients on average fruit weight per plant and number of fruits per

lant of Kinnow mandarin

. Number of
Average fruit .
Treatments weight ver plant fruits per
ghtperp plant
T:ZnSO, (1%) 152.00 463.67
T,: ZnSO,4 (1.5%) 150.33 472.67
T3: Boron(0.3%) 155.33 479.00
Ty4: Boron (0.6%) 157.00 461.00
Ts: K5,S0,4(0.25%) 154.00 484.33
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Te: K2SO4(0.5%) 154.33 473.00
T;: ZnSO, (1%) + Boron (0.3%) + K,SO,(0.25%) 153.67 481.00
Ty: ZnSO4(1%) + Boron (0.6%) + K,SO, (0.5%) 156.00 476.67
Ty: ZnSO4(1%) + Boron (0.3%) + K,SO, (0.5%) 160.67 486.67
Tio: ZnSO,4(1%) + Boron (0.6%) + K,SO, (0.25%) 153.00 492.67
Ti1: ZnSO4(1.5%) + Boron (0.3%) + K,SO, (0.25%) 157.00 510.00
T}2: ZnSO,4(1.5%) + Boron (0.3%) + K,S0,(0.5%) 153.00 522.00
Ti3: ZnS0O4(1.5%) + Boron (0.6%) + K,SO, (0.25%) 157.33 519.33
Ty4: ZnSO4(1.5%) + Boron (0.6%) + K,SO, (0.5%) 162.67 525.00
Control (no application) 149.00 457.33
C.D. at 5% level of significance 1.94 6.09

The observations pertaining to the average fruit
weight were not significantly affected by different
nutrients. Numerically, the maximum average fruit
weight was found in Ty ie., Zinc sulphate
(1.5%)+Boric acid (0.6%) +Potassium sulphate (0.5%),
(162.67g)and the minimum average fruit weight
(149.00g) were recorded in T}s i.e., control.The results
depicted inTable2 indicate the significant effect of

different nutrients on number of fruits per plant of
Kinnow mandarin. The maximum number of fruits per
plant (525)was observed in T4 i.e., Zinc sulphate
(1.5%)+Boric acid (0.6%)+Potassium sulphate (0.5%)
which was statistically similar to Ty, (522) and
T15(519.33). The minimum number of fruits per plant
(457.33) was seen in Tsi.e., control.

Table 3: Effect of foliar application of different nutrients on yield, number of seeds per fruit and seed weight of

Kinnow mandarin

Treatments Yield Nun(llber of Seeds weight
kg/plant Sei.rlslilt)er (10seeds/mg)
T1:ZnSO, (1%) 70.48 20.33 1,312.0
T,: ZnSO,4 (1.5%) 71.06 20.67 1,310.8
T;: Boron(0.3%) 74.40 19.33 1,318.8
T,: Boron (0.6%) 72.38 20.00 1,326.5
Ts: K,S0,4(0.25%) 74.59 21.67 1,335.9
Te: K,S04(0.5%) 73.00 20.67 1,314.7
T7: ZnSO,4 (1%) + Boron (0.3%) + K,SO,4(0.25%) 73.91 18.33 1,352.2
Tg: ZnSO4(1%) + Boron (0.6%) + K>SO, (0.5%) 74.36 20.33 1,282.6
Ty: ZnSO4(1%) + Boron (0.3%) + K,SO4(0.5%) 78.19 19.00 1,268.6
Tio: ZnSO, (1%) + Boron (0.6%) + K,SO,4(0.25%) 75.38 19.33 1,309.4
Ti1: ZnSO,(1.5%) + Boron (0.3%) + K,SO,4(0.25%) 80.07 18.67 1,286.5
T1o: ZnS0O, (1.5%) + Boron (0.3%) + K,SO, (0.5%) 79.87 21.33 1,285.0
Ti3: ZnSO,4(1.5%) + Boron (0.6%) + K,SO4(0.25%) 81.71 18.67 1,275.9
T4 ZnSO, (1.5%) + Boron (0.6%) + K,SO, (0.5%) 85.40 20.33 1,257.1
Control (no application) 68.14 21.67 1,347.6
C.D. at 5% level of significance 1.57 1.20 14

A perusal of data presented in table 6 revealed
that the yield, number of seeds per fruit and seeds
weight was significantly affected by the different
nutrients in Kinnow mandarin. The maximum yield
(85.40kg/trees) was recorded in Ty, i.e., Zinc sulphate
(1.5%) + Boric acid (0.6%) + Potassium sulphate
(0.5%). The minimum effect was seen in Tis i.e.,
control recorded (68.14%) which was similar to T,
(70.48%).The number of seeds per fruit also showed
significant variation with the application of different

nutrients. The maximum number of seeds per fruit
(21.67) was observed in T;s control which was found
similar with Ts (21.67) or Ty, (21.33). Similarly, the
minimum number of seeds per fruit (18.33) was
observed in T; i.e., Zinc sulphate (1%) + Boric acid
(0.3%) + Potassium sulphate (0.25%) which was
statistically at par with Ty; (18.67) and T3 (18.67). The
seed weight was affected significantly with the
application of different nutrients.
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The maximum seed weight (1352.2g) was recorded
in T; Zinc sulphate (1%)+Boric acid (0.3%)+ Potassium
sulphate (0.25%) statistically similar effect with Tjs
control, T5 (1335.9g) and T, (1326.5g). The minimum
(1257.1g) was recorded in Ty4i.e., Zinc sulphate (1.5%)
+ Boric acid (0.6%)+Potassium sulphate (0.5%) .

The study found that fruit length and breadth were
significantly influenced by nutrient treatments, with the
combination of Zinc sulfate (1.5%), Boric acid (0.6%),
and Potassium sulfate (0.5%) (T14) achieving the
greatest fruit length (6.33 cm) and highest yield (85.40
kg/tree). Zinc sulfate (1.5%) alone (T2) resulted in the
largest fruit breadth (7.27 cm). The average fruit
weight was highest with T14 (162.67 g), while the peel
thickness was greatest in the control (T15, 3.88 mm).
The control also had the most seeds per fruit (21.67),
whereas the minimum number was seen with Zinc
sulfate (1%) + Boric acid (0.3%) + Potassium sulfate
(0.25%) (T7). Seed weight varied significantly, with
the highest in T7 (1352.2 g) and the lowest in T14
(1257.1 g).

Conclusion

The research on the impact of foliar applications
with different nutrient combinations on Kinnow
mandarin showed noteworthy results regarding fruit
development and plant health. The control treatment
(T15) consistently exhibited the lowest performance in
several parameters, such as yield, no. of fruits per
plant, fruit length and fruit bredth underscoring the
significance of nutrient supplementation. The blend of
Zinc sulfate (1.5%), Boric acid (0.6%), and Potassium
sulfate (0.5%) (T14) was found to be the most
effective. Nutrient treatments significantly influenced
Kinnow mandarin fruit characteristics. The highest
fruit length (6.33 cm) and breadth (7.27 cm) were
achieved with a combination of 1.5% Zinc sulfate,
0.6% Boric acid, and 0.5% Potassium sulfate. This
treatment also resulted in the highest yield (85.40
kg/tree) and the maximum number of fruits per tree
(525). The largest average fruit weight (162.67 g) was
noted with the same nutrient mix. Peel thickness was
greatest in the control group (3.88 mm), while the
maximum number of seeds per fruit (21.67) was also
found in the control. Conversely, the minimum number
of seeds per fruit (18.33) and the highest seed weight
(1352.2 g) were recorded with 1% Zinc sulfate, 0.3%
Boric acid, and 0.25% Potassium sulfate. These
findings highlight the significant impact of specific
nutrient combinations on various fruit attributes.
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