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ABSTRACT

The demand for organic fruits and vegetables is increasing; however, factors such as
growth, production, and nutritional content are still under consideration. Additionally,
research on differences between liquid and solid fertilization is limited. In this context,
we explore a various types and sources of organic and inorganic fertilizers on two
pepper (Capsicum annum L.) cultivars (sweet and chili). A field trial was conducted in
a Complete Randomized Block Design (RCBD) to evaluate 210 pepper seedlings in
wooden boxes. Composts (home-made and commercial) were added to the soil soon
before transplanting, and chemical fertilizers were applied during the growth cycle.
Results show that adding fertilizers statistically significantly improved growth and fruit
quality, with the home-made liquid fertilizer considerably improving vitamin C, TSS,
chlorophyll content and minerals in pepper fruit. Commercial compost and home-made
liquid fertilizer had the highest macronutrient content in fruits. Pepper cultivars
responded differently to fertilizers; Sweet and chili peppers, commercial compost
increased number of fruits and the total yield by 67% compared to untreated (control).
While the greatest yield was achieved with both commercial and home-made composts
in chili peppers, each producing a 30% increase over untreated plants. Our research
indicates that pepper on-farm productivity can be raised by applying organic fertilizers,
which improve fruit quality, yield, economic value, and ecosystem protection without
compromising consumer quality indicators.
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1. Introduction

A well-known member of the Solanaceae
vegetable family, pepper (Capsicum annuum L.)
is widely cultivated across the world for its unique
flavor and nutritional value. It is the most valuable
fresh fruit in terms of vitamins, carotenoids and
phytochemicals (Yang et al., 2024). It is one of the
most important vegetables because of its
multipurpose uses as in fresh and cooking
consumption, food processing and medicinal
usages. Commercial yields of fresh fruit under
irrigation vary from 10 to 15 tons per hectare, while
a suitable climatic conditions increases the yield
from 20 to 25 tons per hectare (FAO, 2025). The
recent study shows that the global sweet peppers
and green chilies were about 38.02 m tons with
the leading countries were China, Mexico,
Indonesia, Spain, Egypt, Algeria, Nigeria, United
States, Tunisia and Netherlands (ReportLinker,
2025).

Crop productivity rises with the continuous
overuse of chemical fertilizers, but there are
negative environmental repercussions as well,
such as a sharp decline in soil quality and fertility
(Lee et al., 2019). Soil deterioration is a serious
worldwide issue, approximately one-third of the
world's cropland is degraded due to various
factors such as overfertilization, erosion, loss of
organic matter, nutrient imbalances, salinization,
acidification, crust formation, and loss of
biodiversity (Davis et al., 2023). Currently, the
most targeted approaches are cover crops,
conservation tillage, balanced fertilization, and
crop rotation (Farmaha et al., 2022). Integrating
organic and inorganic sources can increase
agricultural yields while maintaining soil fertility
(Mamuye et al., 2021).

Composting is being marketed as an alternative to
chemical fertilization to improve agricultural
sustainability (Liu et al., 2019). Soil quality can be
enhanced by using soil amendments (Abdul Halim
et al., 2018, Guo, 2020). Due to the high cost and
environmental issues of inorganic fertilizers,
organic amendments are becoming a preferred
option for addressing plant nutritional needs
(abdulkadir Rashid and Esmail, 2022).
Furthermore, they improve soil quality and
minimize the need for inorganic fertilizers (De
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Corato, 2020). The impact of organic additions on
soil characteristics varies based on numerous
factors. Considerations for application include
material type, quantity, duration, climate, soil type,
soil management techniques, and agricultural
systems (Bhogal et al., 2018).

Using organic amendments in plant development
focusses on increasing soil organic matter (SOM),
as a shortage of SOM might produce unfavorable
soil changes. Examples include reduced water
storage capacity, soil compaction, and limited
infiltration capability (Lal, 2020). This includes
increasing runoff and erosion of topsoil layer

(Argaman and Stavi, 2023). Proper soil
management, including the use of organic
amendments, is emphasized by all aspects

stated. Several research have shown the negative
impact of inappropriate organic amendment
addition in this setting. For example, studies done
in the United States by Bista et al. (2019) reporting
that regardless of the treatment rate, soil nitrogen
levels drop after applying biochar. Other research
indicates that overfertilizing acid soil with 100%
NPK+ lime results in a considerable increase in
DTPA-extractable micronutrients (Suri et al.,
2025).

Global demand for organic food has increased
gradually but significantly (Sultan et al., 2020):
leading to an increase in research on organic food
consumption. This is not only for food production,
and fruit quality but also to protect the
environment and sustainable agriculture (Uma
and Kumar, 2025). Furthermore, research on crop
growth and fruit quality in organic and inorganic
farming is ongoing. Plus, organic vegetables are
said to have a better nutritional value and more
physiologically active compounds (Hallmann and
Rembiatkowska, 2012, Yaseen and Mama, 2024),
however, due to lower organic productivity in
vegetables compared to conventional farming
(Aulakh et al., 2022, Sahu et al., 2024), farmers
and growers are less interested in growing
organically.

The primary goal of this research is to identify a
sustainable alternative to chemical or inorganic
fertilizers that can enhance the nutritional value of
vegetables while maintaining or improving crop
yield. Specifically, we aim to compare the overall
fruit quality and productivity of peppers grown
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using commercial versus organic cultivation
methods. Another key objective is to demonstrate
how farmers can produce their own
environmentally friendly fertilizers on-site, thereby
reducing costs and promoting sustainable
practices. Additionally, there have been numerous
research studies conducted to compare organic
and inorganic fertilizers; however, there has been
little or no research conducted to determine
whether the effectiveness of the fertilization form
(solid or liquid) has a significant impact on plant
growth and vyield. Thus, this study seeks to
evaluate the effects of liquid and solid fertilizers on
the growth, fruit quality, and yield of pepper plants
to determine which form has a greater influence
on crop performance.

2. Materials and Methods

2.1 Plant materials and study location

This research was conducted in open field in the
Northeast Erbil city (Shaglawa town), Irag located
in latitude (36°24°2.74752) N, longitude
(44°19'49.46412) Elevation (941) m above the
sea level (Figure 1), from April 26, 2024 to
December 12, 2024. A land where no chemical
fertilizers and pesticides have been utilized in the
last three decades. In this study, two varieties of
pepper seedlings chili pepper (Clofis) and sweet
pepper (Calofornia Wonder) were grown to
examine the influence of the organic and inorganic
fertilizers on the growth, quality and yield in both
solid and liquid form. Uniform seedlings were
transplanted for each treatment while they
reached to the optimum growth (about 45 days
after seed sowing) based on the recommendation
by Jankauskiené and LauZziké (2023).
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Figure 1. Study location was in Shaglawa,
Kurdistan region, Erbil, Iraq
2.2 Plant materials and Experimental design
Pepper green sweet (California Wonder) and
green chili (Clofis) seedlings with the age of 45
days were transplanted on 26" April 2024 to
wooden boxes with the size of 130 cm length, 40
cm width and 45 cm deep with unleaded top and
bottom (Figure 2) this was to standardize growing
conditions. Five seedlings were grown in each box
in which the total surface area of (5.2 m?) per box.
V =Length (130 cm) xWidth (40 cm) x Height (45 cm)
V = 234,000 cm?®
Total surface area = Length (130 cm) x Width (40 cm)
= 5200 cm?

Created in BioRender.com  bio [

Figure 2. Wooden boxes to grow peppers.
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After preparing the surface soil, we placed the
boxes directly over the levelled topsoil in three
rows, with 14 boxes for each row for both varieties.
A well-drained sandy loam soil was prepared
based on the optimal soil type for pepper
production (Sulok et al., 2021). The total of 5
seedlings with the spaces 25-30 cm were
transplanted as it is recommended by Stepanova
et al. (2024). The research study was designed
based on the factorial Complete Randomized
Block Design (RCBD), total boxes of 42 big boxes,
three replications (each replication includes 5
plants) and the total of 15 plants for each
treatment where (T1; commercial organic
compost, T2; liquid commercial fertilizer, T3;
home-made compost, T4; liquid home-made
fertilizer, T5; inorganic solid fertilizer, T6; inorganic
liquid fertilizer) and control (untreated plants). Drip
systems were the only irrigation method used in
the experimental units. A daily air temperature,
humidity and precipitation were recorded, the
average metrological data during the experiment
is shown in figure 3.
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Figure 3. Metrological data for the 2024 pepper
growing season in Shaglawa town, northeast
Erbil, Iraq according to the Erbil meteorological
data center.

2.3 Treatment and box preparation

All the boxes had the same soil content including
(Sandy Loamy soil: Vermiculite) (80:20). While,
the analysis of nutritional composition in various
fertilizers revealed significant differences between
commercial chicken compost, home-made poultry
compost, commercial liquid fertilizer, and
homemade liquid fertilizer as shown in table 1.

Table 1: Components of the applied commercial and home-made poultry compost and liquid fertilizers

Commercial Home-made Commercial Home-made
Parameters poultry poultry liquid liquid Unit
compost compost fertilizer fertilizer
Nitrogen (N) 5.44 5.6 34.9 9.1 mg g'or mg L
Phosphorus (p) 21000 7877 11700 86.97 mg kg
Potassium (k) 27000 14088 21600 212543 mg kg’
Magnesium (Mn) 453.15 629 0.006 7.00 mg kg
Sulphur (S) 7500 3577 - - mg kg
Calcium (Ca) 14300 41967 - - mg kg’
Sodium (Na) 5800 1385 - - mg kg’
Iron (Fe) 3365.5 9029 70 73.48 mg kg’
Manganese (Mg) 4700 6357 - - mg kg
Zinc (Zn) 291.5 - 30 1.35 mg kg’
Boron (B) 57.98 61 - - mg kg’
pH 6.9 8.26 7.9 8.1 -
Moisture <12 6.53 - - %
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Bulk density 0.75 0.51 - - g cm3
Organic matter (OM) 69.98 26.60 - - g kg
Organic carbon
- - 8.56 16.50 %
(OC)
EC - - 8 15.34 mS cm-!
2.4 Soil preparation and soil content constant.

The soil of the growing boxes contained sand 56
%, silt 38 % and clay 6 % which was sandy loamy
soil. This is the most ideal soil type for growing
peppers based on the research by Jadama et al.
(2021). The soil was prepared by mixing the sand,
silt and clay based on the plant needs, afterwards
80 % of the soil was mixed with 20 % of the
vermiculite to have a better soil texture. Later on,
composts were added based on the research plan
which has been explained above.

The soil's pH was 8.09, indicating an alkaline
condition. Electrical conductivity (EC) was
measured at 54 uyS cm™, indicating low salinity.
The cation exchange capacity (CEC) was 17.1
cmolc kg™, indicating modest nutrient retaining
capacity. The soil had 0.9 mg g™ nitrogen. The
calcium carbonate (CaCO3) content was 35.05%,
suggesting calcareous soil conditions. The
organic matter concentration was 8.55% and the
bulk density was 1.14 g cm™3, ideal for root growth
and aeration.

3. Measurements

3.1 Plant growth and yield components
Physical parameters were measured based on the
growing stages and measurement criteria for each
parameter.  Fruit diameter and length were
measured at the fully mature stage using a digital
caliper (Digital Vernier Caliper 150 mm, Kincrome,
Scoresby, VIC), while fruit fresh and dry weight
were determined using a digital scale, with fresh
fruits weighted immediately after picking and air-
dried fresh fruit measured one month later. This
was because after one month at the air
temperature above 40 °C leads to stabilization for
moisture removal and further drying yields
minimal weight change will occur which is
appropriate to measure fruit dry weight (Darvishi
et al., 2014, Sharangi et al., 2022). The dry matter
content was measured after samples being dried
in oven at 70 °C for three days till the weight was
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Fruit harvesting started in the end of May till
December, while the fruits reached to the fully
maturity. Every fruit was visually counted and
weighted using digital scale to measure the final
yield. Finally, all the measured weight (g) data
were arranged for each box and treatments
separately, then the estimated yield (gram box)
was determined using the area occupied by
pepper plant in each wooden box (40 cm x 130
cm).

Leaf area (LA) was measured when the plant
reached at full maturity stage (two months after
transplanting) using a free image analysis
software called Imaged version 1.52n based on
the method by Yaseen et al. (2024), where the
leaves were photographed with a 4-cm? red
calibration area using a camera phone (iPhone 16
ProMax, Apple). To do this, leaves from the plant's
6t internode, which was around 60 cm tall, were
collected utilizing four leaves from the plant's
back, front, north, and south directions. The
absolute growth rate, on the other hand, was
calculated during experiment every two weeks
interval, where the plant height was measured for
relative growth rate. We measured height of plant
in different time and used the below equation
based on the method by Tessmer et al. (2013) as
follow:

Absolute Growth Rate (AGR)=

Where:
« W1 = plant height at time (t1)
« W2 = plant height at time (t2)
e t2 - t1 = time interval between the two
measurements

w2 -wi
t2 —-t1

At the end of the harvesting season, the number
of nodes and shoots was determined by counting
each node as well as the main and lateral shoots,
and the average was used for statistical analysis.
3.2 Determination of bioactive compounds
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(total Chlorophyll and Vitamin C)

3.2.1 Chlorophyll content

This process was carried out on September 1,
2024. Ali et al. (2021) advocated a non-destructive
approach for measuring the quantity of total
chlorophyll in mature leaves using SPAD
chlorophyll estimation equipment (SPAD-502 Plus
Konica Minolta Tokyo, Japan). We sampled
chlorophyll from node eight of each plant (middle
leaves) in two directions (East and West),
resulting in ten measurements of chlorophyll for
each box, which was then averaged and utilized
as a single SPAD value for statistical analysis.
3.2.2 Ascorbic acid (Vitamin C) (mg 100ml-
juice)

Vitamin C in pepper juice was determined with the
titration method using 2,6-Dichloro phenol
indophenols pigment. For the analysis of the
ascorbic acid in the sample’s determination was
done on the same day when we extract juice of
peppers, 10 g of pepper fruit juice of was
accurately weighted and were homogenized in 20
ml of acetic acid for 15 minutes. A Whatman filter
paper (No. 1) was used to filter the resultant
solution. Ascorbic acid was extracted from the
weighed sample with oxalic acid solution and
subsequently titrated with the 2,6 dichlorophenol-
indophenol to pink color, indicating the endpoint
based on the method by Ranganna (1986).

3.2.3 Determination of total soluble sugar (TSS)
Total soluble sugar concentration was assessed
based on the method by Zhao et al. (2024) as a
significant quality criterion in peppers (sweet and
chili). To do so, the fruit was sliced into two pieces
then the juice was extracted by hand to get a few
drops to be placed on a digital hand-held pocket
refractometer (Model IC-PAL-1, ATAGO CO.,
Ltd., Tokyo, Japan) and directly readings were
taken to measure the (°Brix) content. This was
repeated three times for each sample then the
average was calculated for each replication. The
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aperture was cleansed with distilled water after
each juice sample and wiped with a gentle paper
towel.

3.2.4 Determination of minerals

After being air dried and ground into a powder, the
edible portion of the pepper fruit was brought to
the laboratory to use the Inductively Coupled
Plasma (ICP) technique to determine the macro
and micronutrients (N, P, K, Mg, Fe, Ca, Zn, Mn,
and Na) based on the method by Hur et al. (2024).
3.3 Statistical analysis

The obtained data were statistically analyzed
using one-way analysis of variance (ANOVA) in
SPSS computer software, version25 (SPSS Inc.,
Chicago, USA). Duncan multiple range tests were
applied to confirm the differences between the
compared averages at the significance level of p
< 0.05. Also, some correlation analyses were also
performed in the significant level of p <0.05 and p
< 0.01 for the growth parameters and some fruit
quality criteria.

4. Results

4.1 Fertilizer application effects on pepper
morphology

Table 2 shows that fertilizer application had the
least significant impact on plant development.
Morphological factors such as the number of
shoots, nodes, and growth speed showed no
significant difference between treatments. In
contrast, organic and inorganic fertilization had a
substantial impact on leaf area index when
compared to the control group. Sweet pepper
plants treated with commercial liquid fertilizer had
the highest leaf area (39.03 cm?), followed by
commercial compost (38.73 cm?). In addition, chili
pepper plants fed with home-made compost and
commercial liquid fertilizer had the maximum leaf
area (19.23 cm? and 19.06 cm?) respectively.

Table 2. Effect organic and inorganic fertilizer on some morphological parameter of pepper plant

Leaf area Growth speed
No. of shoot No. of node
Treatments (cm?) (cm week™)
Sweet | Chili Sweet Chili Sweet Chili Sweet Chili
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TO 11.662 | 30.36% | 116.332 | 104.662 | 29.36° 13.30¢ | 5.40° 3.962
T1 14.902 | 32.00% | 117.002 | 125.002 | 38.732 | 15.96%¢ | 4.932 4.73°
T2 14.902 | 32.132 | 107.002 | 142.33% | 39.032 19.062 | 4.602 5.438
T3 11.802 | 31.562 | 104.66 | 125.002 | 33.83% | 19.232 | 4.732 4.83°
T4 11.102 | 24.90% | 106.33% | 101.662 | 35.802 | 17.432 | 4.002 3.832
T5 13.332 | 32.66% | 56.002 | 108.66% | 36.862 | 14.46 | 4.532 4.20°
T6 8.332 | 27.132 | 91.33% | 126.332 | 38.167 18.762 | 4.462 5.262

4.2 Fertilizer application effects on fruit quality
and yield of peppers

Regarding the treatments, as we can see in Table
3, fruit fresh weight influenced by organic and
inorganic fertilizer, sweet pepper shows that a
significantly maximum fresh weight was in the
commercial compost treatments followed by
untreated plants (Control), home-made liquid
fertilizer (T4) compared to other treatments at
(125.9 g, 119.2 g, 114.1 g) respectively. While,
untreated chili peppers and organic fertilizers had
a significantly heavier fresh fruit weight compared
to chemical fertilizers. In contrast, no significant
difference was noted for fruit diameter in sweet
and chili peppers.

The fruit length in sweet parameters no significant
different recorded. While in chili peppers, home-
made liquid fertilizer indicates significantly taller
fruits than other treatments followed by home-
made compost at (20.7 cm, 20.0 cm, 19.3 cm),
respectively. On other hand, untreated plants had
a smallest length of fruit. Fruit fresh weight had a
significant lower weight in chili plants treated with
solid chemical fertilizer, while a significant lower
fresh weight in sweet peppers was in home-made
liquid fertilizer. In terms of fruit dry weight,
chemical liquid fertilizer recorded a significant
greater dry weight content in chili peppers, while
in sweet peppers both chemical liquid fertilizer and
commercial liquid fertilizer had the higher dry
matter contents compared to other treatments and

ZANCO Journal of Pure and Applied Sciences 2026

74

control. On the other hand, commercial liquid
fertilizer yielded the least fruit dry weight when
compared to others. Regarding chili pepper fruit
dry weight, untreated (C) had a significant
difference compared to others, followed by
commercial compost (T1) at (1.3g, 1.0 g, and 0.9
g). While solid chemical fertilizer had the minimum
dry weight.

Our data shows that treatments had a statistically
significant influence on overall fruit yield and fruit
number. In sweet peppers, the maximum fruit
yield was recorded in plants treated with
commercial compost, resulting in a 67% increase
over the control, while the highest fruit number
was observed in the application of commercial
liquid fertilizer. For chili peppers, both commercial
and home-made composts produced 30%
increasing fruit yield over untreated plants. Also,
the maximum fruit number was seen on plants
treated with commercial compost. Number of fruits
was also statistically increased in the plants
treated with commercial liquid fertilizer in sweet
peppers, while the highest fruit number was in the
added commercial compost to the pepper growing
media in chili pepper. Overall, these results
indicate that commercial organic fertilizer is more
effective than home-made fertilizer in improving
fruit physical parameters and yield.
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Table 3. Influence of fertiizers on morphological fruit quality, and vyield of peppers
(Capsicum annum L.)
Treat | Fruit diameter Fruit length Fresh Weight Dry weight (g Dry matter Total yield No of fruit
ment (cm) (cm) (g fruit) fruit) (%) (g box") (plant)
S Sweet | Chili Sweet Chili Sweet Chili Sweet Chili Sweet Chili Sweet Chili Sweet | Chili
TO 7.22 14.12 7.02 13.7° 125.82 23.12 12.23b | 1 .4bc 5.7 0.6° | 1136.5¢ | 1514.3> | 14.8b | 39.3°
™ 7.32 15.82 7.32 18.72b 127.32 | 20.8%¢ | 10.4% 1.1¢ 4.8 0.5° | 3405.0° | 2169.72 | 15.8° | 75.12
T2 5.02 15.72 7.7° 17.73b 112.8° | 20.23¢ 9.7d 1.92 4.54 0.92 2025.4% | 1470.5% | 19.0° | 56.22b
T3 8.22 16.22 7.32 20.0% 118.1% | 21.22% 11.0¢ 1.4b¢c 5.1¢ 0.6 | 2501.2° | 2174.12 | 10.9¢ | 56.5%
T4 6.62 15.22 6.62 20.7@ 121.4% 17.5¢ 11.3b¢ | 1.72b 5.2b¢ 0.8%° | 1715.2> | 994.0¢ | 7.56° | 38.4°
T5 7.92 15.02 8.02 20.0% 93.7° 19.1be 9.84 1.92 4.54 0.82 1904.4> | 1882.6% | 13.3° | 46.0°
T6 6.42 17.92 6.32 19.3ab 121.8%0 | 20.33c | 12.72 1.92 5.92 0.92 2062.5 | 1197.6% | 10.89 | 48.2°

*Means within the same column followed by the same letter(s) are not significantly different at the probability level of

(p=<0.05) according to Duncan Multiple Range Test.

TO= Control (untreated), T1= Commercial compost, T2= Commercial liquid fertilizers, T3= Hom-made compost, T4=
Home-made liquid fertilizers, T5= Solid chemical fertilizers, T6= Liquid chemical fertilizers.

4.3 Fertilizer Impact on Pepper Bioactive
Compounds

4.3.1 Chlorophyl content, Vitamin C and TSS %
Fruit quality is affected by several physiological
parameters, including size, shape, and color.
Chlorophyl, vitamin C and TSS are also the most
important quality parameters affected by plant
physiology (Rathnayaka et al., 2021). An essential
molecule that promotes electron transport and
absorbs light energy during photosynthesis is
chlorophyll (Tanaka and Ito, 2025). Similarly, one
of the most prevalent water-soluble antioxidants
found in plants, vitamin C is essential for human
health because it scavenges free radicals and
lowers the risk of cancer (Paciolla et al., 2019). Its
functions as an adjuvant and preventative medical
treatment for COVID-19 have recently been
established (Feyaerts and Luyten, 2020). Vitamin
C is only available to humans through diet, with
fruits and vegetables serving as the primary
source (Lykkesfeldt and Carr, 2023). Total soluble
solid (TSS) is an essential quality parameter
which provides fruit taste since it indicates the
sugar accumulation in fruits (Micheloud et al.,
2023).
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Table 4 shows how fertilizer applications affect
vitamin C, TSS%, and total chlorophyll content, as
well as how two pepper cultivars react to the
treatments. Fresh sweet pepper fruit contain far
much vitamin C content than chili pepper fruit,
however, TSS and Chlorophyll in chili and sweet
pepper fruits are almost the same. Concerning
Vitamin C in sweet pepper as show in our results,
home-made liquid fertilizers (T4) had a
significantly highest amount of vitamin C
compared to other treatments at (128.00 mg 100
ml") in fruit juice. While, untreated peppers and
liquid chemical fertilizer treatment were the lowest
vitamin C contents. However, no statistically
significant was recorded in green chili peppers
between treated and untreated applications.
Organic and inorganic fertilizer had also
influenced the total soluble solids (°Brix). As
shown in our data, liquid chemical fertilizer (T6)
had a much greater TSS% level than home-made
liquid fertilizer (T4) (5.70%, 5.50%, and 4.80%,),
respectively. There was no substantial difference
between sweet and chili peppers in terms of
chlorophyll content.
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Table 4. Some important bioactive compounds and antioxidants in pepper leaves and fruits as

influenced by organic and inorganic fertilizers.

Vitamin C Total soluble solids | Total Chlorophyli
Treatments | (mg 100 mL") (°Brix) (SPAD value)
Sweet | Chili Sweet Chili Sweet Chili

Control 58.66° | 58.93% | 4.802° 4.762 44862 | 54.232

T1 84.26" | 58.202 3.70d 5.232 49.562 | 58.202

T2 81.06° | 51.862 | 4.50°cd 4.96° 48.962 | 55.832

T3 69.86 | 60.732 | 4.36% 5.232 47.762 | 56.002

T4 128.002 | 58.532 | 5.502° 4.732 45532 | 56.832

T5 91.20° | 67.602 | 4.20< 5.452 49.532 | 54.16°

T6 59.20¢ | 58.66° 5.702 5.362 47.562 | 57.062

*Means within the same column followed by the same letter(s) are not significantly different at the probability level of

(p<0.05) according to Duncan Multiple Range Test.

TO= Control (untreated), T1= Commercial compost, T2= Commercial liquid fertilizer, T3= Hom-made compost, T4= Home-
made liquid fertilizer, T5= Solid chemical fertilizer, T6= Liquid chemical fertilizer.

4.3.2 Impact of Organic and Inorganic
Fertilizers on Pepper Macro-Element contents
Consuming fruits and vegetables can help prevent
macro and micronutrient deficiencies and
associated health risks, such as cancer,
cardiovascular disease, and death (Bondonno et
al., 2018). Also, nutrient management is extremely
essential for improving growth, quality and
maximizing yield in pepper plants (Tian et al.,
2024). Plants require critical nutrients like nitrogen
(N), phosphorus (P), and potassium (K) (Wang et
al., 2021), while Micronutrients required in smaller

quantities yet very significant in plant
development.
According to the findings of the current

investigation in Table 5, chili peppers contain
greater amount of nitrogen and calcium content
that sweet peppers. The significant highest
calcium content in sweet and chili peppers was
found in the plants treated with home-made liquid
fertilizer (1265.3 and 1468.3 mg kg'),
respectively. However, compared to chili peppers,
sweet peppers had higher levels of phosphorus,
potassium, and magnesium (5593.6, 35786.6,
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and 1696.6 mg kg') and chili peppers (4962.0,
229060.6, and 1481.6 mg kg™') for P, K, and Mg,
respectively. Our analysis revealed that
potassium was the highest concentration in both
varieties, whereas nitrogen was the least
concentrated.

Concerning the outcomes, nitrogen content in
sweet peppers significantly higher in home-made
compost (T3) followed by liquid chemical fertilizer
(T6) at (59.5 mg g, 56.0 mg g'), respectively.
However, home-made liquid fertilizer shows the
statistically lowest nitrogen content in sweet
peppers (Table 8). However, in chili peppers,
liquid chemical fertilizer (T6) and solid chemical
fertilizer (T5) were found to have statistically
significant greater nitrogen content than other
treatments (124.0, 107.0) mg kg™".

Phosphorus regulates physiological responses
and improves plant tolerance to abiotic stresses
such heat, salt, drought, waterlogging, elevated
CO2 levels, and heavy metal toxicity (Hawkesford
et al., 2023, Lambers, 2022). Our findings for
sweet peppers show that organic fertilizers had a
higher phosphorus level than chemical fertilizers,
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but there was no significant difference in the
phosphorus content of the fruit. However, in chili
peppers, commercial liquid fertilizer (T2) had
significantly more phosphorus followed by home-
made liquid fertilizer and commercial compost at
(4962.0 mg kg'!, 4589.6 mg kg', 4583.0 mg kg™),
respectively. In contrast, a statistically significant
less amount of phosphorus was found in the chili
peppers treated with chemical liquid fertilizers
(T6).

The amount of potassium in the plants treated with
home-made liquid fertilizer (T4) in sweet and chili
pepper were found to be significantly higher than
other treatments at (35786.6 and 22685.3 mg kg
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1) followed by commercial organic liquid fertilizers
at (22906.6 mg kg'). Whereas the lowest levels
were found in the untreated groups. On other
hand, solid chemical fertilizer (T5), liquid chemical
fertilizer (T6) and untreated exhibit the lowest
potassium levels. Similarly, plants treated with
organic fertilizers contained significantly more
magnesium than chemical and control plants. The
plants treated with homemade liquid organic
fertilizers had significantly higher magnesium
levels in sweet and chili peppers (1696.6 and
1481.6 mg kg™, respectively). Untreated plants
had the lowest magnesium levels.

Table 5. Effect of organic and inorganic fertilizers on macro elements in sweet and chili pepper fruits.

Treat Nitrogen Phosphorus Potassium Calcium Magnesium
ments (mg g7) (mg kg™) (mg kg™) (mg kg™) (mg kg™)
Sweet | Chili | Sweet Chili Sweet Chili Sweet Chili Sweet Chili

TO 38.6%% | 57.0° | 4763.0a | 4068.3c | 27931.0>° | 19827.69 | 1030.6° | 1343.6ac | 1253.3 1194.3p
T 47.6%c | 61.0° | 5551.62 | 4583.0®> | 29751.62> | 21573.0° | 1007.6> | 1176.0¢ 1490.6%> | 1493.02
T2 32,50 | 62.0° | 5041.62 | 4962.0° | 31385.0%> | 22906.6° | 1122.6%> | 1364.6a> | 1460.0®> | 1511.62
T3 59.52 | 61.50° | 4733.0a | 3931.0¢ | 28993.62> | 20952.3>c | 1050.0% | 1225.3 1360.3P 1284.6°
T4 29.3¢ 66.5> | 5593.62 | 4589.6%> | 35786.62 | 22685.32 | 1265.32 | 1468.32 1696.62 1481.62
T5 45.3bcd | 107.02 | 4632.32 | 4165.0c | 29476.0° | 20759.0°¢ | 1016.0 | 1297.6b«¢ | 1277.6° 1297.0°
T6 56.0> | 124.0@ | 4457.32 | 2216.3¢ | 28336.6%> | 20417.0%¢ | 929.3v | 1242.0b«d | 1298.3P 1301.0°

*Means within the same column followed by the same letter(s) are not significantly different at the probability level of

(p=<0.05) according to Duncan Multiple Range Test.

TO= Control (untreated), T1= Commercial compost, T2= Commercial liquid fertilizer, T3= Hom-made compost, T4= Home-
made liquid fertilizer, T5= Solid chemical fertilizer, T6= Liquid chemical fertilizer.

4.3.3 Impact of Organic and Inorganic
Fertilizers on Pepper Micronutrients

Organic and inorganic fertilizers have a
substantial impact on the amount of

micronutrients (Al, Cu, Fe, Mn, Zn, and Na) in
pepper fruits. Major micronutrients were identified
in plants treated with organic fertilizer compared
to chemical fertilizers, and among the several
types of organic fertilizers, home-made liquid
fertiizer had the highest concentration of
practically all micronutrients in both sweet and
chili peppers (Table 6). Sweet peppers had
greater amounts of Al, Fe, Zn, and Na than chili
peppers, while a significant greater manganese
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(Mn) was found in chili peppers treated with
chemical liquid fertilizer. Chili peppers have also
contained more copper (Cu) and manganese (Mn)
than sweet peppers. However, our findings
indicated that the amount of Cu in both pepper
varieties was larger than other microelements,
with Zinc (Zn) having the lowest percentage in
both types.

Al-containing minerals are dissolved in soll
solution, they have a number of detrimental
effects on plants when combined with other
nutrients (Chauhan et al., 2021). As can be seen
in table 6, sweet pepper fruit had significantly
greater amount of Al in home-made liquid fertilizer
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(T4) followed by commercial liquid fertilizer. While
home-made compost contained least quantity of
Al. Chili pepper indicates that the percentage of Al
significant higher in solid chemical fertilizer (T5),
commercial liquid fertilizer (T2), commercial
compost (T1), liquid chemical fertilizer (T6) and
untreated plants. Whereas, plants treated with
home-made liquid fertilizer indicates the lowest
amount of Al in chili peppers. This might be
because home-made liquid fertilizer and home-
made compost contain less aluminum than
chemical fertilizer.

Copper (Cu) content in sweet pepper was
significantly higher in home-made liquid (T4) and
commercial liquid fertilizers (T2) (1265.3 mg kg
'and 1468.3 mg kg™), respectively. In contrast,
liquid chemical fertilizer contained the least
amount of copper. Copper level in chili peppers
was significantly greater in home-made liquid
fertilizer than in other treatments, with commercial
liquid fertilizer (T2) coming in second at 1468.3 mg
kg'and 1343.7 mg kg™, respectively. On other
hand, commercial compost treatment has the
least quantity of copper in pepper fruits.

In terms of iron (Fe), chemical liquid fertilizers
have a statistically significant higher Fe content in
sweet peppers, whereas homemade liquid
fertilizers have greatly enhanced the iron content
in chili fruits at 826.3 and 90.0 mg kg,
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respectively. Conversely, organic and inorganic
fertilizers affected the quantity of manganese in
sweet and chili peppers. Our results for sweet
pepper reveal that commercial compost (T1)
outperformed other treatments, followed by
commercial liquid fertilizer (T2) at 24.3 and 19.3
mg kg, respectively, while manganese
concentration in liquid chemical fertilizer (T6) was
the lowest.

In contrast, zinc levels in chili peppers were much
higher in untreated than in other treatments, with
commercial compost coming in second (17.7 mg
kg, 12.0 mg kg™, and 11.0 mg kg'"), respectively.
On the other hand, liquid chemical fertilizer has
the lowest quantity of zinc in chili peppers.

The last element identified in our result data was
sodium (Na), which was significantly greater in
solid chemical fertilizer (T5) than in others in sweet
pepper, followed by commercial liquid fertilizer
where the untreated plants had the lowest Na
levels. Among the treatments, chemical fertilizer
application had a considerably greater Na level in
sweet peppers, whereas chemical liquid fertilizer
had statistically the lowest Na amount in chili
pepper fruits. Overall, sweet pepper fruits contain
higher Na content than chili peppers. Taken
together, these findings show that organic fertilizer
is more effective than chemical fertilizer at
increasing nutrient content in pepper fruit.

Table 6. Effect of organic and inorganic fertilizers on micro elements (trace elements) in sweet and chili

pepper fruits.
Al Fe Mn
Treat
Hents (mg kg") (mg kg™) (mg kg™) (mg kg") (mg kg") (mg kg")
Sweet Chili Sweet Chili Sweet Chili Sweet | Chili | Sweet Chili Sweet Chili

TO 76.02b | 24.62 1030.7° | 1343.72¢ | 175.0¢c | 47.7° 18.3¢ 22.7¢ | 25.32 17.72 124.34 113.32
T1 85.02b | 26.32 1007.7° 1176.0¢9 195.7¢ | 76.7° 24.32 22.7¢ | 18.32 12.0° 132.0%d | 108.32bc
T2 139.320 | 27.02 | 1122.72> | 1364.723 168.7¢ | 72.0b | 19.3bc | 23.7¢ | 18.32 12.0b 157.3a> | 108.32c
T3 446> | 21.02® | 1050.02> | 1225.3¢d 65.3d 90.02 | 19.3k¢ | 20.39 | 13.7b 11.0b¢ | 153.320 99.7bc
T4 177.62 | 23.62° | 1265.32 1468.32 215.3> | 86.72> | 21.0 23.7¢ | 19.32 | 11.0vc 143.7bc | 112.32b
T5 55.0° 30.32 1016.0° | 1297.7°cd | 283.0° | 67.0° 17.7¢ 25.7° | 17.020 9.0¢ 165.02 105.72be
T6 126.62> | 26.32 929.3° 1242.0°cd | 826.32 | 65.7° 17.0¢ 28.72 | 18.32 6.0d 126.34 96.0c

*Means within the same column followed by the same letter(s) are not significantly different at the probability level of

(p=<0.05) according to Duncan Multiple Range Test.
TO= Control (untreated), T1= Commercial compost, T2= Commercial liquid fertilizer, T3= Hom-made compost, T4= Home-
made liquid fertilizer, T5= Solid chemical fertilizer, T6= Liquid chemical fertilizer.
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4. Discussion

4.1 Fertilizer application effects on pepper
morphology

Plant morphological traits indicate plant health,
which affects the plant growth and productivity.
Our data show that fertilizer treatment had the
least influence on plant growth, which might be
due to the plants being grown under almost
identical climatic conditions and using similar
growth media sizes. The majority of research
publications demonstrate that environmental
factors influence have a direct impact on
morphological  characteristics rather than
treatments (Lee et al., 2018, Uarrota et al., 2021).
Thus, future research should focus on the direct
soil, particularly in areas with greater sample
counts.

Fruit external quality can have a direct impact on
customer purchasing decisions since it influences
the product's physical quality and visually
identifies freshness, disease infection, and other
characteristics (Tarancon et al., 2021, Yaseen
and Takacsné-Hajos, 2021). Peppers treated with
chemical liquid fertilizer and commercial liquid
fertilizer exhibited considerably higher dry matter
levels in both pepper fruit varieties. That is the
same outcome by Islam et al. (2017) for the same
task. This might be because plants absorb
nutrients faster in liquid than solid forms,
depending on mineral availability and soil pH
(Reichardt et al., 2020).

Fruit weight is the characteristic of the yield
component that is utilized as a yield measurement
(Dermawan et al., 2020). Increasing the total yield
in peppers resulting from the application of
organic fertilizers might be due to the greater
nutrient availability and improving physiochemical
properties of the growing media. This result is
consistent with the findings of Tuckeldoe et al.
(2023), who observed a significantly greater sweet
pepper production and fruit number when grown
in coconut coir medium than untreated control
media.

A potting experiment by Wang et al. (2024)
indicates that using less chemical fertilizers and
more green waste compost can successfully lower
soil bulk density and pH while increasing porosity,
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water content, EC, and organic matter content.
Dhaliwal et al. (2019) stated that improving soil
physical properties lead to more rooting
development resulting from greater nutrient
absorption and final yield. A study by Tian et al.
(2024) indicates that nutrient availability could
improve not only agronomic fruit characteristics
but also the yield by about 3.4-56 %. Insufficient
nitrogen availability hinders photosynthesis and
reduces agricultural yields (Zhao et al., 2017).

4.2 Fertilizer Impact on Pepper Bioactive
Compounds

Producing pepper fruits with greater nutritional
value is important to better human health,
favorable taste and flavor- Overall, fertilization had
the most influenced on bioactive compounds like
vitamin C, TSS % and chlorophyll contents in
pepper fruits. Pepper varieties reacted differently
with the fertilization treatments, this might be
because it is most related to the plant’s secondary
metabolisms to the chemical composition of
organic fertilizers modulates (Stan et al., 2021).
For example, vitamin C content of sweet peppers
treated with organic fertilizer ranges from 128 to
69.86 (mg 100 mL-"), whereas the vitamin C
content of plants treated with chemical fertilizer
ranges from 91.3 to 59.20 (mg 100 mL™").
Additionally, the vitamin C in fruit of chili peppers
ranged from 67.60 in the plants treated with home-
made compost to 60.73 to 51.86 (mg 100 mL™").
Our findings agree with the result by Ekincialp
(2024) where they found significantly higher
amount of vitamin C in the plants treated with
vermicompost compared to untreated plants and
the lowest content in the combination of compost
and inorganic fertilization. In contrast, total soluble
solid (TSS%) was higher in chemical fertilizer
application than organic fertilization. This was
contrary to other findings by Bilalis et al. (2018)
and where they found greater TSS in pepper fruit
of the application of organic and combination of
organic with inorganic fertilization to pepper
plants. Higher TSS in the application of inorganic
fertilization might be attributed to the release of
fixed nitrogen, which increases nutrient content
and availability in the root zone (Shilpa et al.,
2024).
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Chlorophyll concentration in plant leaves indicates
a plant's physiological state and is strongly tied to
photosynthetic processes in plant leaves. Our
results display that fertilizer-treated plants
accumulated more chlorophyll, but there was no
significant difference compared to the untreated
plants. This might be owing to the high levels of
potassium and phosphorus in the fertilizers
(organic and inorganic), which restrict magnesium
absorption by plants (Delgado et al., 2024), or it
could be because the plants had attained the
optimal amount of chlorophyll due to their
advantageous climatic conditions.

4.3 Impact of Organic and Inorganic Fertilizers
on some Macro-Elements and Micro-Elements
in Pepper fruits

Macronutrients are essential to plant growth,
development, and fruit quality. They must be
administered in  larger quantities than
micronutrients. In this study, the most critical
macronutrients (N, P, K, Ca, and Mg) were
determined in sweet and chili pepper fruit. The
variance in macronutrient composition between
pepper cultivars is largely due to genotype
changes (Kim et al., 2019); for example, chili
pepper fruit contains more nitrogen than sweet
peppers. Reducing nitrate content in fruits
resulted by organic fertigation can be a positive
sign of home-made fertilizer to reduce the risk of
nitrogen content in pepper fruit. Uddin et al. (2021)
indicated that lower nitrate contents in fruits may
indicate reduced fertilizer usage in farming. Zhang
et al. (2024) also indicated that the use of
farmyard manure leads to improved quality in
cabbage by reducing total N, nitrate, and oxalic
acid levels of Chinese cabbage plants.

Organic and inorganic fertilizers have an influence
on calcium and magnesium levels. Our research
showed that home-made liquid fertilizer contained
within considerably more calcium and magnesium
in sweet peppers than other treatments. While, a
significant higher percentage of potassium and
magnesium found in chili pepper in the plants
were applied commercial liquid fertilizer. In
contrast the lowest concentration of potassium
and magnesium was in untreated (control) plants.
Our findings agree with the study by Massimi et al.
(2023) where they found organic foliar application
with organic fertilizer could significantly improve N
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and K while lowered P level in peppers, while,
Ekincialp (2024) has shown that vermicompost
could significantly improve N, K and Zn compared
to chemical fertilizers. This might be because of
the impact of potassium deficiency which is stated
by Rawat et al. (2022) indicated that potassium
deficiency can impair the transport, utilization, and
photosynthetic CO2 fixation of assimilates.
Because of the limited study on affecting mineral
content in pepper fruit, we recommend further
research on the impact of organic and inorganic
fertilizers on pepper fruit.

Trace elements are also very important for plant
growth and physiological metabolisms. Iron (Fe) is
an important micronutrient for respiration and
photosynthesis. It plays a key role in chlorophyll
production and is required for chloroplast structure
and function. Photosynthetic cells contain around
50% iron (Rout and Sahoo, 2015) performs a
number of important roles in plants. It has been
observed that pepper fruit's iron content
decreased as its zinc content increased. Fe
participates in root growth, fruit development, and
provides disease resistance (Jeevanraj et al.,
2025). Zinc is an essential micronutrient that
serves various key functions in plants. It is a key
component of several enzymes that catalyze
numerous metabolic activities. It participates in
plant defense mechanisms, photosynthesis, cell
membrane integrity, protein synthesis, and pollen
production (Rudani et al., 2018). Copper is
essential for plant growth and development, and it
involves in a range of activities such as
respiration, photosynthesis, and superoxide
radical detoxification (Chen et al., 2022).
Contrary to previous research studies, our data
indicate that iron (Fe), a crucial nutrient, was the
only trace element not only substantially impacted
by organic and inorganic fertilization. Instead, it
was mostly controlled by the concentration of
other minerals in the fertilizers, primarily P and Zn.
This is agreed with the research by Sharma et al.
(2020). Another reason might be due to the rising
soil pH being alkalinity, and fertilization treatments
did not significantly lower the soil pH to accessible
Fe in the fertilizers, as indicated by Sini et al.
(2024), who say that iron absorption effectiveness
is relatively restricted in calcareous soil types.
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In addition to pepper fruits having higher mineral
contents, both the sweet and chili pepper cultivars
had higher levels of heavy metals including Al and
Cu. Al poisoning in plants mostly affects root
development and morphology (Awasthi et al.,
2017, Zhang et al., 2019). Also, higher Cu
concentration is harmful to plants, generating
detrimental consequences at all phases of
development, including morphology, physiology,
and molecular changes (Mir et al., 2021). The high
level of harmful metals may be attributable to the
accumulation of Al and Cu in the materials used to
make composts, as wastewater and well water are
still utilized to irrigate agriculture in Iraq (Younis
and Darwesh, 2023). Thus, the materials used to
make home-made compost and liquid fertilizers
may result in higher levels of heavy metals in the
finished product and this might be transferred to
the grown product through rooting absorption,
thus, we suggest that wastes or materials must be
analyzed for heavy metal levels before making
organic fertilizer at home.

Conclusion

Our investigation indicates that organic
fertilization significantly enhances plant growth,
quality, and vyield, comparable to chemical
fertilization and control, with variations based on
crop genotype. Notably, organic fertilizers, have
Acknowledgment: Not applicable.
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