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Article Info Abstract

This study investigated the effects of different NPK levels on Capsicum
annuum L. growth, biochemical parameters, and soil fertility. A pot
experiment was conducted with varying concentrations of NPK, and the
results showed that NPK5 (0.10g/3kg) significantly enhanced
morphological parameters, biochemical parameters, and certain micro
and macronutrients. The highest levels of organic matter, soil pH, and
nitrogen content were recorded in NPK5, while maximum concentrations
of Mn, Ca, Fe, and EC were found in NPK4. The findings suggest that
NPK application at 0.10g/3kg can improve Capsicum annuum L. yield
and maintain long-term soil fertility.
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Introduction

Capsicum annuum L., a widely cultivated crop,
is an essential component of global food systems,
providing a rich source of vitamins, minerals, and
antioxidants. However, its production is often
constrained by inadequate nutrient management,
leading to reduced yields and compromised soil
fertility (Kumar et al., 2020; Singh et al., 2022).
Nitrogen (N), phosphorus (P), and potassium (K)
are essential macronutrients that play critical
roles in plant growth and development.

Recent studies have highlighted the importance
of balanced NPK fertilization for optimizing crop
yields and maintaining soil health. For instance,
a study by Zhao et al. (2020) demonstrated that
integrated NPK  application significantly
enhanced maize vyields and improved soil
fertility. Similarly, research by Gupta et al.
(2022) showed that optimized NPK levels
improved the growth and biochemical
parameters of wheat.

Despite the growing body of research on NPK
fertilization, there is a need for crop-specific
studies that investigate the effects of varying
NPK levels on growth, biochemical parameters,
and soil fertility. This study aims to address this
knowledge gap by examining the influence of
different NPK levels on Capsicum annuum L.
growth, biochemical parameters, and soil
fertility.

s

The study was conducted at the Department of
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Botany, Bacha Khan University Charsadda. Soil
samples were collected from the university,
analyzed, air-dried, sieved through a 5mm mesh,
and transferred to pots. Capsicum annuum L.
seeds were obtained from a registered seed
supplier in Peshawar, Khyber Pakhtunkhwa,
Pakistan, and surface-sterilized with a 1% NaOCI
solution before being planted in the pots. Four
seeds were planted in each pot, which was then
placed in a natural environment. The experiment
followed a randomized complete block design,
replicated three times, and consisted of 21
treatments and a control. Each pot received
various concentrations of 0.2g/kg, 0.4g/kg,
0.6g/kg, 0.8g/kg, and 0.10g/kg of soil for
nitrogen (N), phosphorus (P), potassium (K), and
NPK. A control group was included and treated
with distilled water only.

Agronomic parameters

Different agronomic parameters including plant
height, number of branches, number of leaves,
leaf length, leaf width and number of flowers
were measured before the harvesting of plants.
Biochemical analysis

Leaf Sugar Contents

The method of Khani and Heidari (2008) was
employed to measure the sugar content of the
leaves.

Extraction

2 gm of leaf sample crushed with the help of
pestle and mortar in 10ml distilled water. These
crushed material were centrifuge on 1000 rpm for
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10 minutes.

Estimation

Capsicum annuum L. extracts (0.5ml) were
mixed with 5ml an throne reagent in falcon tubes.
The tubes were heated in a water bath for 15
minutes, then cooled in ice water. The resulting
green color was read at 620nm against a reagent
blank. Carbohydrate content was measured in
mg/g fresh leaf weight.

Leaf Protein Contents

Extraction of soluble protein

Soluble protein was extracted and quantified
using the Bradford Assay method (Bradford,
1976). Leaf samples (0.2g) were homogenized in
5ml potassium phosphate buffer (0.1M, pH 7),
filtered, and centrifuged at 4000 rpm for 10
minutes. The supernatant was diluted to 5ml with
buffer solution, and then further diluted to the
desired concentration by adding 4.8ml of buffer
solution to 0.2ml of the extract.

Estimation

0.1 ml of extract was taken in a check tube. After
that 5 ml of Bradford essay was added, and then
the sample was shacked vigorously. Add 5ml of
Bradford reagent to 0.1 milliliters of buffer to
create a reagent blank. On 595 nm the optical
density was measure using a spectrophotometer.
The soluble protein amount is determined by
referencing a standard curve 3.

Chlorophyll and Carotenoid determination
Chlorophylls and carotenoids were extracted and
estimated following the method described by
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Maclachlam et al., (1963).

Extraction and estimation

Fresh leaf sample was taken and then macerated
in 3 ml of 80% acetone solution with a small
amount of acid-washed sand. After that, the
mixture was centrifuged for 5 minutes at 1000
rpm. The debris was then washed three times
with 1 ml of 80% acetone each time. The
absorbance was then recorded at 645 nm, 510
nm, and 663 nm.

Results and Discussion

Plant height

The analysis of variance revealed that the
maximum plant height (8.33+2.08) was recorded
in NPK1 (NPK 0.10g), followed by NPKS3,
which documented a plant height of 8.33+2.31.
In contrast, the minimum plant height
(4.53+0.61) was recorded in NPKO. These results
showed that NPK application at the rate of
0.10g/3Kg significantly enhanced plant height in
Capsicum annuum L. Previous studies have also
demonstrated the benefits of organic fertilizers,
which can improve environmental conditions for
pepper seedling growth by modifying soil
structure, increasing soil water-holding capacity,
and promoting soil biota (Gusta & Same, 2022).
Additionally, research has shown that NPK
application at the rate of 180 kg N/ha plus 80 kg
P/ha and 75 kg K/ha resulted in maximum plant
height, higher production, and improved yield-
attributing characteristics in tomatoes (Kumar et
al., 2013).
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Number of branches

The analysis of variance revealed that NPK5 had
the highest number of branches (11.33+4.51),
followed by NPK4 (10.33+2.89) and NPK3
(8.01+4.58), while the control group had the
lowest number of branches (1.83+£0.29). These
findings demonstrated that the number of
branches in Capsicum annuum L. increased with
all concentrations of NPK, in contrast to
individual N, P, K, and control treatments.
Similarly, a previous study found that Phaseolus
vulgaris exhibited increased growth features,
including plant height, number of branches, and
leaf area index, resulting in a higher dry matter
output (Shubhashree et al., 2011) [19].
Additionally, harvest height was significantly
affected by increased levels of NPK.

Leaf length and width

The analysis of variance revealed that the
maximum leaf length (10.33+1.37) was recorded
in NPK5, followed by NPK3 (8.33+0.06) and
NPK4 (7.66£2.52), while the minimum value
(3.63+0.35) was observed in P2. Similarly, the
maximum leaf width was recorded in NPK5
(6.33+0.51), followed by NPK3 (4.01+0.3) and
NPK4 (3.8+0.06), while the minimum value of
leaf width (1.26+0.02) was observed in N2.
Previous studies have also shown that NPK
applications significantly affected plant height,
stem girth, yield, leaf area index (LAI), leaf area,
and leaf number. For example, applying 400
kg/ha of NPK fertilizer (60 kg N, 27.16 kg P, and
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49.80 kg K) significantly increased maize
production (Law-Ogbomo & LAW-OGBOMO,
2009). Additionally, increasing the NPK rate
from 25% to 100% substantially enhanced
morphological parameters in Egyptian cotton at
all sampling dates in both seasons (Seadh et al.,
2012).

Number of leaves

Among the observable characteristics that
characterized a plant's growth and development
was the quantity of its leaves. NPK at different
concentrations had a substantial impact on the
number of leaves in Capsicum annuum L. The
highest number of leaves (23.33+6.65) was
recorded in NPKS5, followed by NPK4
(22.0145.08) and NPK3 (20.33t£5.87). In
contrast, the least number of leaves (8.32+1.21)
was observed in NPKO. These findings
demonstrated that plants treated with various
concentrations of NPK, as well as each
component individually, produced a greater
number of leaves per plant compared to the
control. Similarly, a previous study found that the
maximum leaf production in Lycopersicum
esculentum Mill. was achieved with plants
treated with 60 kg NPK/ha (Hariyadi et al.,
2019).

Number of flowers

Plants rely on pollen substances provided by
flowers and seeds, which are reproductive
structures enabling seeds to persist across

generations. Flowers also protect developing
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seeds and facilitate the transmission of genetic
information from one generation to the next
(Raven et al., 2013). The analysis of variance
revealed that NPK5 yielded the highest number
of flowers (9.66+0.8), followed by NPK4
(8.01+0.5) and NPK3 (7.66+0.17), respectively.
In contrast, the control group (NPKO) had the
least number of flowers (1.66+0.01). The results

showed that plants treated with various NPK

rates, either together or individually, produced
more flowers per plant compared to the untreated
control plants. The increased NPK dosage levels
led to improved vegetative growth, which in turn
delayed flowering. As a result, the number of
days to flowering increased proportionally with
the rise in NPK dosage level, causing a
noticeable delay in the flowering process (Racz
etal., 2024).

Table.1: Effect of different N.P.K rates on morphological parameters of capsicum annuum L.

Treatments | Plant No of | Leaf Leaf No of | No of
height branches | length width leaves flowers
(cm) (cm) (cm)
NPKO 4.53+0.61 | 1.83+0.29 | 3.63+0.35 | 2.36+0.32 | 8.32+1.21 | 0.66+0.01
NPK1 7.7£1.13 | 2.66£2.52 |5.33+0.53 | 4.16+0.76 | 19.01+2 7.01+0.02
NPK?2 7.76+£1.37 | 8.01+4.58 | 5.66+2.52 | 4.16+0.07 | 20.01+2 7.66+0.8
NPK3 8.33+1.08 | 11.01+2.57 | 5.83£1.04 | 4.33+0.76 | 20.66+3.66 | 7.66+0.4
NPK4 7.33£1.53 | 10.33+2.89 | 5.66+1.52 | 4.02+0.1 21.66+2.51 | 8.66+0.2
NPK5 8.5+1.32 | 12.01+1.36 | 6.66+1.89 | 4.86+0.32 | 23.33+2.51 | 9.33+0.23
N1 5.33+#1.53 | 3.33+0.51 | 3.66+1.55 | 3.13+0.01 | 10.66+2.73 | 3.01+0.73
N2 6.5+1.32 | 8.01+1.65 | 3.33+0.53 | 1.26+0.02 | 22.01+5.08 | 5.33+0.4
N3 7.13£0.81 | 7.01£1.5 5.33+0.06 | 2.16+0.86 | 17.01+2.65 | 6.66+0.02
N4 6.33%+1.31 | 6.66+2.08 | 5.66+0.08 | 2.46+0.81 | 13.33+2.08 | 3.66+0.41
N5 7.33£1.08 | 5.02+1.08 | 4.33+1.37 | 3.8+0.06 14.66+1.53 | 7.66+0.17
P1 6.8+1.03 | 2.66+0.53 | 3.133%£0.08 | 6.33+0.51 | 19.01+3.44 | 3.33+0.25
P2 7.33%£1.53 | 4.66+0.8 5.33+0.52 | 2.13+0.05 | 17.33+4.77 | 3.33+0.35
P3 6.01£1.00 | 6.01+2.57 | 4.66+0.52 | 3.41+0.5 20.33+6.65 | 5.01+0.41
P4 6.6+1.53 | 6.33+2.89 | 4.33+0.53 | 2.69+1.1 20.33+5.87 | 6.01+0.32
P5 7.33%£1.31 | 6.33£1.51 | 3.51+0.50 | 2.66+0.6 17.0145.29 | 3.66+0.02
K1 7.01+£1.00 | 3.66+0.05 | 5.33+0.7 2.91+0.01 | 15.33+0.3 | 6.01+0.5
K2 7.66+£1.06 | 3.66+0.07 | 4.01+0.001 | 2.41+0.6 17.01+2.3 | 5.33+0.4
K3 6.33+1.53 | 6.66+1.45 | 5.01+2.0 2.01+0.06 | 12.33+2.09 | 6.01+0.3
K4 7.33%£1.52 | 7.66+£0.76 | 3.33+0.5 2.833+0.1 | 9.66+0.97 |5.01+0.2
K5 5.83+1.61 | 3.0+0.07 3.01+0.3 4.01+0.3 16.01+2.1 | 3+0.01

17




KJMR VOL.1 NO. 10 (2024)

INFLUENCE OF VARYING

Keywords: N1 (Soil application of N(0.2g/kg), N2 (Soil application of N(0.4g/kg), N3 (Soil application
of N(0.6g/kg), N4 (oil application of N (0.8g/kg), N5 (Soil application of N (0.10g/kg), P1 (soil application
of P (0.2g/kg), P2 (Soil application of P (0.4g/kg), P3 (Soil application of P (0.6g/kg), P4 (Soil application
of P (0.8g/kg), P5 (Soil application of P (0.10g/kg), K1 (Soil application of K (0.2g/kg), K2 (Soil
application of K (0.4g/kg), K3 (Soil application of K (0.6g/kg), K4 (Soil application of K (0.8g/kg), K5
(Soil application of K (0.10g/kg), NPK1 (Soil application of NPK (0.2g/kg),

NPK2 (Soil application of NPK (0.4g/kg), NPK3
(Soil application of NPK (0.6g/kg), NPK4 Soil
application of NPK (0.8g/kg), NPK5 (Soil
application of NPK (0.10g/kg), NPKO (Control

group, treated with water only)
Results of biochemical
Chlorophyll content

Chlorophyll, a green pigment found in
chloroplasts, plays a crucial role in
photosynthesis, converting CO2 and H20 into
glucose and O2 (Handayati & Sihombing, 2019).
The analysis of variance revealed that NPK5 had
the maximum chlorophyll "a" and "b" contents,
followed by NPK4 and NPKS3, while the
minimum values were observed in the control
(NPKO0). These results showed that NPK
applications, both combined and separate,
increased chlorophyll "a" and "b" contents
compared to untreated control plants. Similar
findings were reported in previous studies, where
NPK fertilization enhanced chlorophyll content
in Amaranthus cruentus L. (Zhao et al., 2024),
Eleusine coracana L. (B. Skwaryto-Bednarz , A.
Krzepitko, 2009) [26], and peanut plants
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(Wamalwa et al., 2019).
Carotenoids content

Carotenoids are essential compounds in
photosynthetic organisms, playing a crucial role
in photo-protection and photosynthesis by
capturing light energy and transmitting it to
chlorophylls through singlet-singlet excitation
transfer (Purbajanti et al., 2019). The analysis of
variance revealed that NPK5 had the highest
concentration of carotenoids, followed by NPK3
and NPK2, while NPKO had the lowest levels.
The findings demonstrated that various NPK
applications, both combined and separate,
enhanced carotenoid contents in plants compared
to untreated plants. Similarly, previous research
showed that NPK fertilizer increased carotene
production in carrots (Maoka, 2020) [29].

Sugar content

Sugars play a crucial role in regulating plant
development and growth, affecting every stage of
the plant life cycle and interacting with other
signaling molecules (Evers, 1989). The analysis
of variance revealed that N4 had the highest

sugar concentration, followed by NPK5 and
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NPK4, while NPKO had the lowest sugar levels.
These findings demonstrated that plants treated
with various NPK combinations or applied
individually had higher sugar levels compared to
untreated control plants. Similarly, previous
research showed that different NPK levels
influenced various plant parameters, including
sugar levels, chlorophyll concentrations, and
nutrient uptake in potato plants (Ciereszko,
2018).

Protein content

INFLUENCE OF VARYING

The analysis of variance revealed that NPK5 had
the highest protein content, followed by NPK4
and NPK3, while NPKO had the lowest protein
content. These findings demonstrated that plants
treated with various NPK combinations or
applied individually had higher protein levels
compared to the control group. This result is
consistent with previous studies, which found
that NPK fertilization significantly improved
total soluble proteins (Mona et al., 2012) and
total protein and carbohydrate contents in

Moringa oleifera plants (Sarwar et al., 2018).

Chlorophyll | ST | Chlorophyll | ST | Carotenoid | ST | Protei | ST | Suga | ST
a D b D S D n D r D
control 3.17 0.1 |145 0.6 |0.69 0.0 {2019 |14 |12.7 |36
0 7 6 7 8 7
4.62 0.0 |1.280 05 |0.78 0.0 (4859 |55 |719 |24
0.2 NPK 7 7 5 5 1 3
2.54 0.0 |2.60 03 | 162 0.0 [82.60 |88 |406 |14
0.4 NPK 9 5 9 9 2 8
2.54 03 | 226 0.6 |1.48 0.0 [70.77 |21 |333 |14
0.6 NPK 4 8 4 5 3 9
1.96 0.0 | 287 0.3 |0.86 0.0 [69.03 |46 |124 |59
0.8 NPK 3 3 5 5 5 8
0.10 1.31 0.0 |1.93 0.2 |0.98 0.0 [61.40 |37 |218 |17
NPK 2 6 1 3 7 9
02N 0.83 0.0 |3.19 0.8 |1.67 0.1 [2186 |36 |174 |26
4 4 8 1 0 2
04N 1.79 00 |254 0.6 |0.88 0.0 |[53.11 (24 |39.7 1.0
5 0 8 8 7 2
06N 2.98 0.6 |3.09 0.8 |1.42 0.2 |63.11 |33 |426 |24
7 9 6 5 0 0
08N 2.82 05 |3.25 01 | 221 0.4 |1158 (3.0 |81.0 |23
7 4 2 4 9 5 7
3.39 03 |3.73 0.8 |1.68 0.1 |96.71 |51 |533 |23
©.10N 5 6 9 1 4 7
02 P 3.14 0.6 |290 0.7 |1.95 05 |[6043 (33 |474 |26
8 0 4 8 2 5
0.4P 3.82 03 |3.28 0.6 |1.76 03 | 1211 |23 |526 [3.0
3 4 6 0 8 6 2
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0.6 P 2.36 0.2 |3.09 0.1 |1.99 06 |61.10 (3.6 |36.1 |27
6 0 2 5 0 5

08P 3.06 0.8 |3.46 0.0 |1.85 0.7 | 8497 |58 |31.0 (22
4 7 0 8 1 6

4.15 06 |3.12 0.0 |155 04 |70.22 |45 |51.3 |26
©.10P 0 9 7 9 3 3

0.2 K 3.53 0.8 | 4.56 0.3 | 247 05 |66.79 |47 |436 |21
9 4 4 8 0 1

0.4 K 2.58 0.1 |1.97 0.0 |2.00 04 |1064 (39 [449 |10
4 8 6 2 1 4 3

0.6 K 2.77 0.8 |3.70 0.0 |1.76 0.0 |5257 (4.0 |62.0 |38
6 2 9 7 4 2

0.8 K 4.55 0.7 |4.14 0.0 |1.87 00 9213 (6.8 |51.6 |25
0 4 7 7 7 4

3.06 06 |3.72 0.0 |1.76 00 |1064 |33 [439 |13
©10K 4 5 R EREE

CONCLUSION providing experimental materials and facilities

This study underscores the critical role of NPK
fertilizers in enhancing soil fertility and
promoting plant growth. The optimal application
of NPK significantly improved morphological,
biochemical, and nutrient levels in the soil.
Notably, the combined application of NPK
fertilizers resulted in maximum soil nutrient
levels, including Mn, Ca, Fe, pH, and EC. These
findings demonstrate the effectiveness of NPK as
a nutrient source for plant growth and soil
fertility enhancement. The results also emphasize
the importance of determining optimal NPK
application rates to maximize agricultural
productivity.
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