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ABSTRACT
This study was carried out at a Private Farm in Abou Hamad, Sharkia
Governorate, Egypt during the two seasons of 2022/2023 and 2023/2024 to investigate
the response of potato cv. Spunta to N P K application in the soil and different
concentrations of foliar application of Zinc and Boron.
The layout of the experiment was laid out in randomized complete block design (RCBD)
with three replicates.

The experiment included 10 treatments as follows:

1- Control.

2- N P K (100 — 200 — 100 kg/fed).

3- Foliar application with Boron at 2 ml/L.

4- Foliar application with Boron at 4 ml/L.

5- Foliar application with Zinc at 2 ml/L.

6- Foliar application with Zinc at 4 ml/L.

7- N P K + Foliar application with (2 ml/L B + 2 ml/L Z).
8- N P K + Foliar application with (4 ml/L B + 2 ml/L Z).
9- N P K + Foliar application with (4 ml/L B + 2 ml/L Z).
10- N P K + Foliar application with (4 ml/L B + 4 ml/L Z).

The obtained results are summarized as follows:

The obtained results indicate that all the treatments significantly increased
vegetative growth ,tuber yield and its components , leaves and tubers constituents of
potato cv Spunta . The treatment of N P K + 4 ml/L B + 4 ml/L Z, being the most effective
on all the vegetative growth tuber yield and its components , leaves and tubers
constituents of potato in both growing seasons. This treatment followed by the treatments
of NPK+4ml/LB+2ml/lLZnand NP K+ 2 ml/L B + 4 ml/L Zn, respectively compared
to the other treatments and control.

Conclusion: The treatment of N P K + 4 ml/L B + 4 ml/L Z, being the most effective on

all the vegetative growth, tuber yield and its components , leaves and tubers constituents

of potato in both growing seasons. The lowest values of vegetative growth of potato

plants were obtained from the control treatment.

Key words: N P K - Boron + Zinc — potato.
INTRODUCTION:

Potato (Solanum tuberosum L.) is classified under family Solanaceae and in terms of human consumption
world is third most significant food crop after wheat and rice (Tripathi et al., 2024).

Potato is one of the most important food crops and can be used in human nutrition as a low — cost energy
source. Additionally, it is an affordable food with significant content of starch, minerals, vitamin C and B, and
amino acids and is highly appreciated world wide (Kumar and Kumar, 2020).
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Potatoes need many macro-nutrients (N , P and K) and macro-nutrients (Zinc and Boron) to for
increasing growth, chemical contents and tuber yield Nitrogen, phosphorus and potassium are considered as the
most significant macro-nutrients for potato crop. Nitrogen is the first limiting nutrient in potato production that
greatly influence crop growth and tuber yield, in addition, Nitrogen is a component of protoplasm and it is
helpful for chlorophyll synthesis. It has play predominant role for growth and development in potato. Nitrogen
application can increase dry matter content, protein content of tubers and total tuber yield (Marschner, 2018).
Phosphorus is the second most important macronutrient limiting plant growth after nitrogen. Phosphorus plays a
crucial role in enhancing tuber yield and quality by influencing cell division, starch synthesis, and storage. It
also increases concentrations of ascorbic acid, nitrogen and protein in tubers, thereby impacting their size and
dry matter content (Rosen et al., 2014). Moreover, potassium holds significant importance as a crucial
macronutrient for vegetable crops. Potassium plays a vital role in photosynthesis by enhancing the translocation
of photosynthates, increasing enzyme activities, and contributing to the synthesis of proteins, carbohydrates, and
fats, thereby significantly (Trankner et al., 2018).

The micronutrient elements are required in very small quantity like Zinc and Boron for healthy growth
and optimum yield of potato. Zinc plays an important role in biosynthesis of indole acetic acid (IAA) and in
initiation of primordial for reproductive parts and partitioning of photosynthates towards them resulting in better
flowering and fruiting, and also acts as a metal component of many enzymes. Hence application of Zinc
becomes essential to increase the productivity of potato (Sharma et al, 2024). Boron plays a vital role in cell
division sugar translocation, movement of growth regulators within the plant and lignin synthesis (Aparna and
Putaiah, 2012).

This work aims to study the effect of N P K application and Zinc and boron foliar with different
concentration on growth, and yield of potato cv. Spunta.

MATERIALS AND METHODS

This study was carried out at a Private Farm in Abou Hamad, Sharkia Governorate, Egypt during the two
seasons of 2022/2023 and 2023/2024 to investigate the response of potato cv. Spunta to N P K application with
the soil and different concentrations of foliar application of Zinc and Boron.

The physical and chemical analysis of soil samples were executed according to Chapman and Pratt
(1978) are presented in Table (1).

The physical and chemical properties of the soil are presented in Table (1). The system of irrigation was
surface irrigation the chemical content of irrigation water are presented in Table (2).

Table (1): The physical and chemical properties of the experimental soil.

Content Value

2022/2023 2023/2024
Physical properties:
Sand (%) 85.77 86.69
Silt (%) 6.75 5.89
Clay (%) 7.58 7.42
Soil texture Sandy Sandy
Chemical properties:
Organic matter (%) 0.04 0.06
Available P (ppm) 53 5.7
Available K (ppm) 5.8 6.3
Calcium carbonate (%) 53 61
pH 7.9 8.1

Table (2): The analysis of irrigation water for the experimental soil.

Characters Value
Soluble cations

K " (meq/ L): 1.19
Ca™" 9.7
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Mg ** 12.59
Na* 38.6
Soluble anions ( meq/ L):

NCO3 - 9.33
SO4~ 14.8
Cr 38.9
pH 7.3
EC (dSm ") 2.46

The layout of the experiment was laid out in randomized complete block design (RCBD) with three
replicates. Seeds (tubers) were bring from seeds Management of Agricultural Research center, Giza, Egypt.

The plot area was 9.6 m? (4 rows, 4 m length and 0.6 width). Seeds cv. Spunta were sown at 20 and 22
September 2022 and 2023, respectively.

The experiment included 10 treatments as follows:

Control.

NP K (100 — 200 — 100 kg/fed).

Foliar application with Boron at 2 ml/L.

Foliar application with Boron at 4 ml/L.

Foliar application with Zinc at 2 ml/L.

Foliar application with Zinc at 4 ml/L.

N P K + Foliar application with (2 ml/L B + 2 ml/L Z).
N P K + Foliar application with (4 ml/L B + 2 ml/L Z).
N P K + Foliar application with (4 ml/L B + 2 ml/L Z).
10. N P K + Foliar application with (4 ml/L B + 4 ml/L Z).

As recommended by the Ministry of Agriculture and land Reclamation (MALR, Egypt). Chemical
fertilizers were added at the rate of 100 — 200 100 N-P-K kg/fed. The sources of N P K (nitrogen in the form of
ammonium sulplate (20.5% N), Calcium superphosphate (15.5 P,Os) and potassium sulplate (48% KZO).

A N S e

Nitrogen and Potassium were added at two equal portion, at 30 and 60 days from sowing and phosphorus
fertilizer at two equal portion at during the preparation of the soil and one month sowing.

Zinc in the form of zinc chloride (Zncly) and boric anhydride in the form of boric acid (B,O3) were
purchased from sigma chemical Co. (St. Louis, Mo, USA).

Zinc and Boron were added as foliar application three times at one month from sowing date and 20 days
intervals, i.e. 10/11 and 12/11 (the second spray) and 30/11 and 2/12 (the third spray) in the first and the second
seasons, respectively.

Data recorded

The following data was recorded at 8 weeks age as follows:
Vegetative growth characters:

1- Plant height (cm).

2-  Number of stems/plant.

3-  Number of leaves/plant.

4- Shoot fresh weight (g).

5-  Shoot dry weight (g).

Yield and its components:

At harvest time, data were recorded as follows:
1 - Number of tubers / plant

2 - Average tuber weight (g)

3 - Tubers weight / plant (g)
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4 - Tubers yield / feddan (ton)
Statistical analysis:

All data were statistically analysis according to SAS software program (SAS, 2007). The least significant
difference (LSD) at (0.05) level of probability was used compare the means of treatments values according to
Snedecor and Cochran (1989).

RESULTS AND DISCUSSION
Vegetative growth characters:

Data presented in Tables (3 and 4) study the effect of N P K, Zinc and Boron and their combined effect
on vegetative growth of potato cv. Spunta, i.e. plant height, number of leaves plant number of stems /plant and
shoot fresh weight and shoot dry weight. The obtained results indicate that all the treatments significantly
increased vegetative growth of potato.

The treatment of N P K + 4 ml/L B + 4 ml/L Z, being the most effective on all the vegetative growth of
potato in both growing seasons, This treatment followed by the treatments of N P K +4 ml/L B + 2 ml/L Zn and
N PK +2 ml/L B +4 ml/L Zn, respectively compared to the other treatments and control.

The lowest values of vegetative growth of potato plants were obtained from the control treatment. These
results are true in both growing seasons. Regarding the important role of N P K, Boron and Zine on growth
parameters of potato, Marschner(2002) demonstrated that nitrogen is the first limiting nutrient in potato plant
that greatly influence growth as well as, nitrogen is a component of protoplasm, and has play predominant role
for growth and development in potato. In addition, Rosen et al. (2014) repented that phosphorus is the second
most important macronutrient limiting plant growth after nitrogen, as well as, it plays a crucial role in enhancing
cell division and increases dry matter content.

Moreover, Trankner ef al. (2018) illustrated that potassium plays an important role in water balance and
transpiration and translocate the elements and enzymes for increasing plant growth Regarding the important role
of Zinc and Boron to increase the plant growth parameters, Aparnaand Puttaiah (2012) found that Zinc plays
an important role in bio synthesis of indole acetic acid (IAA) which has an important role in increasing plant
growth.

Moreover, Aparna and Putaiah (2012) stated that Boron plays a vital role in cell division and
movement of growth hormones in plant which increase plant growth.

These results are in close agreement with those reported by Ali ef al. (2021) and Sai and Paswan (2024),
Neupane et al. (2025), who worked with N P K, Boron and Zinc, respectively.

As well as, Bari et al. (2001), Mahmoud et al. (2019), Kohar et al. (2023) and Naz et al. (2024), who
worked with Zinc and Boron on growth of potato plants.

Yield and its components:

Data in Table ( 5a and 5b) revealed that all the treatments of N P K, Boron and Zinc and their
combination significantly increased in tuber yield and its components, i.e. number of tubers/plant, average tuber
weight, tubers weight/plant and tuber yield/feddan.

Results obtained that the treatment of N P K + 4 ml/L B + 4 ml/L Zinc, being the most effective treatment
in tuber yield and its components, followed by the treatments of N P K + 4 ml/L B + 2 ml/L Zinc, N P K + 2
ml/L B +4 ml/L Zn, respectively.

Regarding the important role of N P K, B and Zn in increasing potato tuber yield, Marshner (2018)
concluded that nitrogen significantly influences two critical quality attributes: specific gravity (dry matter
content) and reducing sugar content (glucose), both of which affect tuber quality and yield and varying nitrogen
levels have diverse effects on tuber yield and quality.

Moreover, Rosen et al. (2014) illustrated that phosphorus plays a crucial role in enhancing tuber yield
and quality by influencing cell division, starch Synthesis, and storage, it also increases concentrations of
ascorbic acid, nitrogen, and protein in tubers, thereby impacting their size and dry matter content.
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Table (3): Effect of N P K, Boron, Zinc and their combined effect on vegetative growth of potato during 2022/2023 and 2023/2024 seasons.

Treatments Plant height (cm) No. of leaves/plant No. of Stoms/plant
2022/2023 2023/2024 2022/2023 2023/2024 2022/2023 2023/2024

Control 41.32 42.35 25.31 24.46 2.10 2.15
N P K (100 — 200 — 100) 54.36 55.39 33.59 33.82 2.89 2.60
Boron at 2ml/L 45.43 47.74 29.21 28.85 2.27 2.29
Boron at 4ml/L 50.33 49.75 31.12 31.22 2.33 2.29
Zinc at 2ml/L 51.11 50.39 32.33 32.52 2.51 2.44
Zinc at 4ml/L 52.21 54.56 32.55 32.43 2.62 2.59
N P K +(Boron 2 mi/L + Zinc 2 ml/L) 55.01 56.43 34.19 34.33 2.66 2.64
N P K +(Boron 2 mi/L + Zinc 4 ml/L) 55.67 57.43 35.67 35.81 2.72 2.62
N P K +(Boron 4 mi/L + Zinc 2 ml/L) 57.33 57.17 37.15 37.67 2.75 2.77
N P K +(Boron 4 mi/L + Zinc 4 ml/L) 58.67 59.67 38.97 38.15 2.82 2.86
LSD (0.05) 0.41 0.63 0,54 0.44 0.04 0.05

Table (4): Effect of N P K, Boron, Zinc and their combined effect on shoot fresh and dry weight of potato plants during 2022/2023 and 2023/2024 seasons.

Treatments Shoot fresh weight(g) Shoot dry weight(g)
2022/2023 2023/2024 2022/2023 2023/2024

Control 223.45 224.47 52.56 51.27
N P K (100 — 200 — 100) 248.31 247.33 59.07 57.09
Boron at 2ml/L 237.42 238.17 50.43 51.19
Boron at 4ml/L 235.51 235.82 54.18 53.33
Zinc at 2ml/L 240.13 241.09 56.55 56.81
Zinc at 4ml/L 241.17 242.22 58.28 58.12
N P K +(Boron 2 mi/L + Zinc 2 ml/L) 249.73 249.66 59.11 58.13
N P K +(Boron 2 mi/L + Zinc 4 ml/L) 253.31 252.33 60.47 61.11
N P K +(Boron 4 mi/L + Zinc 2 ml/L) 259.81 258.26 63.42 64.49
N P K +(Boron 4 mi/L + Zinc 4 ml/L) 263.53 264.11 65.59 66.17
LSD (0.05) 3.56 4.21 2.42 2.17
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Table (5a): Effect of N P K, Boron, Zinc and their combined effect on tuber yield of potato tubers during 2022/2023 and 2023/2024 seasons.

Yield and its components Number of tubers (g) Tuber fresh weight (9) Tuber dry weight (g)
2022/2023 2023/2024 2022/2023 2023/2024 2022/2023 2023/2024

Control 3.87 3.91 109.96 115.13 58.33 59.11
N P K (100 — 200 — 100) 5.25 5.17 129.66 129.73 69.50 69.57
Boron at 2ml/L 4,17 4,11 113.61 113.75 60.17 60.22
Boron at 4ml/L 4.22 4.25 119.12 120.11 61.15 61.01
Zinc at 2ml/L 4.47 4,53 126.13 126.22 65.33 65.27
Zinc at 4ml/L 4.65 4,71 128.55 127.42 68.55 68.43
N P K +(Boron 2 mi/L + Zinc 2 ml/L) 5.29 5.33 129.75 130.21 69.51 70.22
N P K +(Boron 2 mi/L + Zinc 4 ml/L) 5.47 5.41 135.33 135.61 70.62 70.57
N P K +(Boron 4 mi/L + Zinc 2 ml/L) 5.51 5.47 135.71 136.17 71.91 71.85
N P K +(Boron 4 mi/L + Zinc 4 ml/L) 5.63 5.61 144.17 145.11 73.71 73.81
LSD (0.05) 0.11 0.11 2.63 2.49 1.18 1.06

Table (5b): Effect of N P K, Boron, Zinc and their combined effect on tuber yield of potato tubers during 2022/2023 and 2023/2024 seasons.

. . Total yield/plant (g) Total yield/fed (Ton)

Yield and its components 2022/2023 2023/2024 2022/2023 2023/2024
Control 425.5452 450.1583 7.41 7.47
N P K (100 - 200 - 100) 680.715 670.7041 12.73 12.75
Boron at 2ml/L 473.7537 467.5125 8.17 8.07
Boron at 4ml/L 502.6864 510.4675 8.33 8.41
Zinc at 2ml/L 563.8011 571.7766 9.01 9.15
Zinc at 4ml/L 597.7575 600.1482 10.31 10.26
N P K +(Boron 2 mi/L + Zinc 2 ml/L) 686.3775 694.0193 12.87 12.81
N P K +(Boron 2 mi/L + Zinc 4 ml/L) 740.2551 733.6501 13.12 13.21
N P K +(Boron 4 mi/L + Zinc 2 ml/L) 747.7621 744.8499 13.89 14.17
N P K +(Boron 4 mi/L + Zinc 4 ml/L) 811.6771 825.6759 15.17 15.22
LSD (0.05) 8.121 6.275 1.15 1.02
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In addition, Bhattarai (2016) and Nazli ef al. (2018) demonstrated that potassium plays a vital
role in photo synthesis by enhancing the translocation of photo synthates, increasing enzyme activities,
and contributing to the synthesis of proteins, carbohydrates, and fats, thereby significantly boosting
overall crop productivity.

As well as, Rai ef al. (2021) stated that the micronutrients play a vital role in crop production,
where adequate supply of Boron and Zinc can improve the structural indignity and permeability of cell
membrane, and have occupied a unique position in enhancing the yield of potato.

Moreover, Zn helps to increase the rate of photo synthesis and the translocation of photo
syntheates leading to increased size and number of tubers, in addition, Boron plays avital role in cell
division, sugar translocation, movement of growth regulators within the plant and lignin synthesis, and
then increased the plant yield (Aparna and Puttaiah, 2012).

These results are in concurrence with those recorded by Ali ef al. (2021), Parganiha et al
(2022) and Sai and Paswan (2024), who worked with N P K fertilizer or potato plants, as well as, Bari
et al. (2001), Mahmoud et al. (2019), Rashid ef al. (2022), Hasan et al. (2023) and Sharma et al.
(2024), who worked with Boron and Zinc on potato.
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