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Abstract

This work investigated the effects of organic amendments on soil carbon, vegetative growth and
physiological yield (total protein and chlorophyll) of three varieties of pepper (Capsicum annuum,).
Preliminary soil physicochemical properties were investigated while soil organic carbon (OC) was
determined before and after planting. The experiment was conducted in a factorial experiment
consisting of 8 levels of treatments and four replicates in a Randomized Completely Block Design
(RCBD). Data analysis was performed using the Genstat application (17.0 version) for Analysis of
variance while mean separation (post-hoc) was done using Turkey HSD at 95% confidence limit
(P<0.05). Results showed that soil OC was significantly lower during the growth of the test plants than
in pre-sowing soil samples. Application of 10g cow dung yielded the highest amount of soil OC (0.99%,).
The Yolo Wonder variety improved soil OC. Test plants witnessed a progressive growth in all vegetative
features from week 2 to week 6 (P<0.05). Varietal type influenced all vegetative growth parameters
except leaf area. Treatment applications had significant effects on all growth parameters (P<0.05).
Result showed that 10g poultry manure significantly influenced all the growth parameters. Total protein
content was influenced by planting duration and varietal type. The Poivron Yolo type of pepper had
significantly higher protein contents of 3.5% at week 6 than other types (P<0.05). Application of 5g
cow dung + 5g goat dung to soil significantly influenced total protein from week 2-6. Total chlorophy!l
was influenced by plant duration and varietal types. Chlorophyll was higher at week 2 than week 4. In
conclusion, the organic treatments applied as soil amendments had positive impacts on growth and
physiological yield parameters. Varietal and plant duration factors also exerted positive impacts on the
parameters evaluated. Therefore, best performing varieties and soil amendments as highlighted in this
report are recommended in the cultivation of pepper for improved plant productivity and carbon
sequestration.

Key words: Organic amendments, Pepper, Growth, Yield, Carbon sequestration

Introduction

The genus Capsicum (generally known as
pepper) belongs to the family Solanaceae.
There are five domesticated species: C.
annuum, C. frutescens, C. chinense, C.
baccatum and C. pubescens (Aguilar-
Melendez et al., 2009). Pepper thrives best
with liberal quantities of organic matter and
a balance of mineral fertilizers (CABI,
2023). It is a major ingredient in most global
cuisines with reported health benefits; in
addition to being the most widely grown
spice in the world, the species has also been

used for pharmaceuticals, natural colouring
agents and cosmetics, as an ornamental plant
and as the active ingredient in self defence
repellents (CABI, 2023).

The production of pepper is
challenged by lack of arable soil due to
impoverished  soil  conditions.  Soil
conditioners, also referred to as soil
amendments, help improve soil structure by
increasing aeration, water holding capacity,
and nutrients (Diacono and Montemurro,
2010; Celestina et al, 2019). Soil
conditioners include a range of products
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made from many different materials, both
organic and inorganic. Organic (carbon-
based) soil conditioners can be made of
animal manure, compost from yard waste or
food waste, cover crop residue, biosolids,
sawdust, ground pine bark, peat moss or
other materials (Celestina et al., 2019).
Animal wastes in the form of manures are
valuable sources of nutrients and organic
matter for use in the maintenance of soil
fertility and crop production (Wendy et al.,
2020). A good number of researches have
shown soils amended with animal manures
improved soil conditions and crop yields
(Iren et al, 2015; Udoh and Iren, 2016;
Khaliq et al., 2017). Ayeni and Adetunji
(2010) reported that organic fertilizers
positively impacted soil nutrient, soil
structure, base saturation and bulk density.
Moreover, organic manures are rich in
organic matter and are a good substrate for
the growth of soil microorganisms and they
positively affect nutritional balance and the
physical properties of soil (Maheshbabu et
al., 2018). Soils treated with organic
manures have been reported to have
significantly improve soil productivity and
the yield of maize (John ef al., 2013). Iren et
al., (2015) reported that organic manures
improved the sustained production of water
leaf

The production of the pepper is
challenged by lack of arable soil due to
impoverished  soil  conditions.  Soil
degradation due to intensive cultivation
occasioned by population pressure and
industrialization are challenges to the
production of these crops in Nigeria (Udoh
and Iren, 2016). The high cost of inorganic
fertilizers makes them unaffordable to poor
farmers. More so, the continuous use of
chemical fertilizers has been reported to
result in nutrient imbalance in the soil and a
major cause of climate change and aquatic
pollution thereby causing inimical effects on
the environment (Udoh and Iren, 2016).
While there are reports on the single
applications of some organic manure on the
growth and yield and selected vegetable
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crops, there are insufficient data on the
effects of different organic amendments on
soil  organic carbon, growth and
physiological yields including protein and
chlorophyll contents of the existing varieties
of pepper in the study area. Thus, data that
provide information on the sustainable
production of pepper are grossly
insufficient. The present study determined
the effects of organic amendments on soil
carbon, vegetative growth parameters and
physiological yield of pepper (Capsicum
annuum).

Materials and Methods

Study area

The experiment was carried at the Botanical
Garden of the Department of Botany, Joseph
Sarwuan Tarka University Makurdi, the
State Capital of Benue State. Makurdi lies
within Longitude 8°30°E, 8°30’E and
Latitude 7°30°N, 7°43°N. It is a 16km radius
circle, covering 804km2 land mass (Onah
and Omudu, 2016). Makurdi has an
estimated population of 500,797 (The World
Gazetteer, 2003). Being situated in the
Lower Benue Valley, the relief of the Local
Government Area (L.G.A) is generally low,
with heights ranging between 73 meters and
167 meters above sea level. The soils of
Makurdi generally are highly ferruginous
tropical soils. Climatically, Production of
vegetable crops is high in the study area.
Members of some communities are known
for cultivating pepper in large quantity.

Seed collection

Seeds of three varieties of sweet pepper
(Capsicum annuum) awere procured from a
licensed Seed Store (Bloomfield Agro-
Allied Company Makurdi) in Benue State
Nigeria. The varieties are given below: Yolo
Wonder (Variety 1), Poivron Yolo (Variety
2) and Chili (Variety 3).

Preliminary physicochemical analysis of
experimental soil

Soil was collected at Botanical garden of the
Department of Botany, Federal University
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of Agriculture Makurdi, filtered and put into
240 polythene bags each weighing 20kg
(Klotzbucher et al., 2017). Soil particles was
distributed into clay, silt and silt using
Bouyoucous (1951) hydrometer method as
given by Udo et al. (2009). Soil pH was
determined in the laboratory with a
calibrated Suntex TS-2 pH meter. Soil
organic matter was determined using the
gravimetric procedure by Miyazawa et al.
(2000). Soil nitrogen was determined using
the Kjeldahl digestion method Electrical
conductivity and Cation exchange capacity
(CEC) were determined with a HACH
conductivity meter CO-150 and filtration
method respectively (Udoh et al., 2009).

Experimental design

The experiment was conducted separately
for each of the crop in a factorial experiment
consisting of 3 varieties of each and 8 levels
of soil amendments (T1-T7) for pepper.
Each treatment level was replicated 4 times
in a Randomized Completely Block Design
(RCBD structure. Pepper experiment had a
factorial combination of 8x4x3 (96
experimental units). Total experimental
units = 96+60= 156.

Treatment combinations
experiment

The following treatments were used:
T0=5kg of top soil with no manure (control);
T1=10g of cow dung; T2 =10g of goat dung;
T3=10g poultry manure; T4-5g of goat dung
+ 5g of poultry manure; T5-5g poultry
manure + 5g of cow dung; T6-5g of cow
dung + 5g of goat dung; T7=4g of cow dung
+ 3g of poultry manure + 3g of goat dung
(Olson et al., 2014).

in pepper

% N2 =

(ISSN: 3027-088X)

Planting and treatment application

Three seeds were sown in pots filled with
Skg of top soil each. The plants were treated
with powdered forms of different soil
amendments (T1-T7) by broadcasting
around the plant and on the soil Two weeks
after germination (Gong et al., 2003).

Plant data collection

Plant data collection took place at week 2, 4
and 6 after planting. Collection of vegetative
growth parameters, total protein and total
chlorophyll contents followed standard
methods (Gong et al, 2003).

Vegetative growth parameters

Growth  parameters were evaluated
following the methods outlined in Gong et
al. (2003). They were: Plant height (cm);
Stem diameter (mm): Number of leaves;
Leaf length (cm); Leaf width (cm) and Leaf
area. Plant height was measured using a
metre rule to the nearest centimeter (cm)
from the stand to the top. Stem diameter was
measured using a Vernier caliper to the
nearest cm. Number of leaves present on
plant stands was counted. Length and width
of two largest leaves were measured using
the metre rule in centimetre (cm) while leaf
area was derived using the formula: LA=Li
x Wi x A (where L represent the length of
the leaf, W represent the maximum width of
the leaf and A is constant)

Determination of total protein

Crude protein content of the fruits was
determined. The micro-kjeldahl titration
method was used where samples were mixed
with 10ml of concentrated tetraoxosulphate
(vi) acid in a kjeldahl digestion flask
(Simone, 2014). The total nitrogen was
calculated and multiplied by a factor 6.25 to
obtain the crude protein content as: % Crude
protein = %N6.25.

(100x)Nx14xVfXT

wx100x VA
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Determination of chlorophyll content
Chlorophyll; was extracted from pulverized
10g leaf samples using 50ml acetone
(Abdelaal et al., 2020). Chlorophyll content
was calculated from standard curve obtained
from spectrophotometer reading at 663 nm
and 645 nm (Abdelaal et al., 2020).

Data analysis

Data analysis was performed using the
Genstat application (17.0 version). Result
presentation was done using bar graphs
where each bar with error bar represents
means * standard error. Analysis of variance
was conducted while mean separation (post-
hoc) was done using Tukey HSD. Bars with
the same alphabets are not statistically
different (p>0.05) from each other while
bars with different alphabets are statistically
significant (p<0.05).

Results

Physicochemical properties and organic
carbon (OC) of soil samples

Table 1 shows the physic-chemical
properties of soil samples prior to the
experiment. It was dominated by sand
(73.8%) followed by clay (14.2%) and silt
(12.0%). It possessed the following
properties: pH (6.42-6.43), organic carbon
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(1.22%), organic matter (2.10%), nitrogen
(0.05%) and phosphorus (3.89-4.30 mg/L).
Other properties measured in Cmolkg™! were
potassium (0.32-0.34), sodium (0.25-0.26)
and magnesium (1.84-1.85), calcium (2.90-
3.10). Electrical conductivity and cation
exchange capacity had maximum values of
1.53 and 7.06 Cmolkg ! respectively. Figure
2 shows that organic carbon content of soil
was lower during the growth of pepper than
pre-sowing soil samples which contained
1.22% organic carbon. Soils of the three
varieties differed significantly in their
organic carbon (P<0.05) where it was
highest in Yolo Wonder variety (0.81%) and
lowest in Chili variety (0.65%). In pepper
experiment, soil samples under various
amendments had significantly different
amount of organic carbon. Values were
highest in soils treated with 10g cowdung
(0.99% OC) followed by soils treated with
10g goat dung (0.95% OC) while the lowest
value was recorded in soils treated with a
mixture of 5g poultry manure + 5g cow
dung. Apart from the latter, all other
treatments impacted higher organic carbon
in treated soils than the control soil
(untreated) that contained 0.6% OC (figure
3).

Table 1: Pre-planting physico-chemical analysis of soil samples
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SIC1 643 73.80 14.20 1200 122 210 0.05 430 034 025 185 151 7.0

SIC2 642 73.80 14.20 1200 122 210 0.05 389 032 026 184 153 6.85

SIC3 643 73.80 1420 12.00 1.22 210 0.05 430 034 026 185 1.53 7.06
https://pban.org.ng 528



PLANT BREEDERS ASSOCIATION OF NIGERIA - HYBRID ANNUAL CONFERENCE, MAKURDI 2023 (ISSN: 3027-088X)

0% Soil Organic Carbon
1.4 -
1.2
1.0 -

0.6 -
0.4 4

ﬂl“ L] T 1
Variety 1 Variety 2 Variety 3

@% OC During Growth OPre sowing

Figure 2: Comparative soil organic carbon at pre-sowing and during growth of pepper
varieties
Variety 1= Yolo Wonder; Variety 2= Poivron Yolo; Variety 3= Chili
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Figure 3: Effects of different amendments on the soil organic carbon at pre-sowing and during
growth of pepper

TO0 =5kg of top soil with no manure (control); T1 =10g of cow dung; T2= 10g of goat dung; T3= 10g
poultry manure; T4= 5g of goat dung + 5g of poultry manure; T5= 5g poultry manure + 5g of cow dung;
T6=5g of cow dung + 5g of goat dung; T7= 4g of cow dung + 3g of poultry manure + 3g of goat dung
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Effects of organic amendments on
vegetative growth of sweet pepper (C.
annuum)

Figure 4 shows the effects of planting
duration (weeks) on vegetative growth of C.
annuum in amended potted experiments. All
vegetative growth parameters increased
progressively from week 2-6, thus
significant differences were observed in
plant morphologies due to plant duration
(P<0.05). The same trend was observed at
week 6 where plant height (14cm), number
of leaf (17), leaf length (5cm), leaf width
(3cm), leaf area (8cm?) and stem diameter
(0.7cm) attained their maximum values
(rounded off to the nearest whole number).
These values were significantly higher than
from those recorded at week 2 and 4. Figure
5 shows the effects of plant varieties on the
six vegetative growth parameters of C.
annuum.  Significant differences were
observed in plant height, number of leaf, leaf

length, leaf width and stem diameter
EERPlant Height
E] caf [.ength
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attributed to varietal differences. Only the
leaf area showed no significant differences.
Poivron Yolo type had the highest plant
height and number of leaf while Yolo
Wonder type possessed the largest leaf sizes
and the widest stem diameter. Figure 6
shows the effects of organic amendments on
the growth parameters of C. annuum.
Treatments had significant effects on all
parameters (P<0.05). Application of T2
(10g goat dung), T4 (5g goat dung + 5g
poultry manure) and T5 (5g poultry manure
+ 5g cow dung) significantly influenced
plant height. Number of leaves in pots
treated with T2 (10g goat dung) and T7 (4g
cow dung + 3g poultry manure + 3g goat
dung) were the highest values obtained.
Large leaf sizes and wide stem diameters
were observed in pots treated with T4 (5¢g
goat dung + 5g poultry manure) and TS (5g
poultry manure + 5g cow dung) although the
overall leaf area had no significant changes
in the different amendments.

C—MNumber of Leaves
Leaf Width
—— Stem Diameter

=]
'
Stem Diameter (cm)

Weel 6

Figure 4: Weekly vegetative growth analysis of pepper plants grown in different soil amendments
Vertical bars represent means; error bars represent + standard error. Mean separation (post-hoc) was
done using Tukey HSD. Bars with the same alphabets are not statistically different (p>0.05) from each
other while bars with different alphabets are statistically significant (p<0.05).
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Figure 5: Effect of soil amendments on vegetative growth of three varieties of pepper

Vertical bars represent means; error bars represent = standard error. Mean separation (post-hoc) was
done using Tukey HSD. Bars with the same alphabets are not statistically different (p>0.05) from each
other while bars with different alphabets are statistically significant (p<0.05).

Variety 1= Yolo Wonder; Variety 2= Poivron Yolo; Variety 3= Chili
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Figure 6: Effect of different soil amendments on vegetative growth of pepper

Vertical bars represent means; error bars represent = standard error. Mean separation (post-hoc) was
done using Tukey HSD. Bars with the same alphabets are not statistically different (p>0.05) from each
other while bars with different alphabets are statistically significant (p<0.05). TO =5kg of top soil with
no manure (control); T1 =10g of cow dung; T2= 10g of goat dung; T3= 10g poultry manure; T4= 5g of
goat dung + 5g of poultry manure; T5= 5g poultry manure + 5g of cow dung; T6=5g of cow dung + 5¢g
of goat dung; T7= 4g of cow dung + 3g of poultry manure + 3g of goat dung

https://pban.org.ng 531



PLANT BREEDERS ASSOCIATION OF NIGERIA - HYBRID ANNUAL CONFERENCE, MAKURDI 2023

Effects of organic amendments on total
protein content of sweet pepper (C.
annuum)

Figure 7 shows the effects of planting
duration (weeks) on total protein content of
the three varieties of C. annuum. Total
protein fluctuated within the two factors
(duration and varieties). It was a function of
both variety and duration. The Poivron Yolo
type (variety 2) had significantly higher
protein contents (from week 2-6) than other
types (P<0.05) within the same time frame.
This variety had its highest protein contents
of 3.5% at week 2 and week 6 with a slight
reduction (3.0%) at week 4. Increase in
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protein content (3.5%) was also recorded in
the Chili type at week 6. Figure 8 shows the
effects of organic amendments on total
protein content of the three varieties of C.
annuum from week 2 to 6. Treatments had
significant effects on total protein across the
plant duration (P<0.05). Application of T6
(5g cow dung + 5g goat dung) significantly
influenced total protein from week 2-6. At
week 6, total protein (3.5%) was more
pronounced in T6 (5g cow dung + 5g goat
dung) and T4 (5g goat dung + 5g poultry
manure) than in other treatments including
the control.

BToial Protein Week 2
OTotal Protein Weel: 4
B Toial Protein Weel: 6

= b

0.0 T
Variety 1

Variety 2

Variety 3

Figure 7: Effect of soil amendments on total protein of three varieties of pepper

Vertical bars represent means; error bars represent + standard error. Mean separation (post-hoc) was
done using Tukey HSD. Bars with the same alphabets are not statistically different (p>0.05) from each
other while bars with different alphabets are statistically significant (p<0.05).

Variety 1= Yolo Wonder; Variety 2= Poivron Yolo; Variety 3= Chili
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Figure 8: Effect of different soil amendments on total protein of pepper

Vertical bars represent means; error bars represent + standard error. Mean separation (post-hoc) was
done using Tukey HSD. Bars with the same alphabets are not statistically different (p>0.05) from each
other while bars with different alphabets are statistically significant (p<<0.05). TO =5kg of top soil with
no manure (control); T1 =10g of cow dung; T2= 10g of goat dung; T3= 10g poultry manure; T4= 5¢g of
goat dung + 5g of poultry manure; T5= 5g poultry manure + 5g of cow dung; T6= 5g of cow dung + 5g
of goat dung; T7= 4g of cow dung + 3g of poultry manure + 3g of goat dung

Effects of organic amendments on total
chlorophyll content of sweet pepper (C
annuum)

Figure 9 shows the effects of planting
duration (weeks) on total chlorophyll
content of the three varieties of C. annuum.
Total chlorophyll fluctuated within the two
factors (duration and varieties). It was a
function of both variety and duration.
Chlorophyll content in plants was higher at
week 2 than at week 4 while week 6
contained the highest amount. The Yolo
Wonder type (variety 1) had significantly
higher chlorophyll content (7.0%) at 6 than
other types (P<0.05) although its

chlorophyll content was the lowest recorded
at week 2 and 4. Figure 10 shows the effects
of organic amendments on total chlorophyll
content of the three varieties of C. annuum
from week 2 to 6. Treatments had
significant effects on total chlorophyll
across the plant duration (P<0.05).
Application of T7 (4g of cow dung + 3g of
poultry manure + 3g of goat dung) most
significantly influenced total chlorophyll at
week 4 and 6 while T6 (5g cow dung + 5g
goat dung) had a pronounced effect at week
2. Cholophyll contents in plants growing in
amended pots were higher than those
growing in control pots. \
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Figure 9: Effect of soil amendments on chlorophyll content of three varieties of pepper

Vertical bars represent means; error bars represent + standard error. Mean separation (post-hoc) was
done using Tukey HSD. Bars with the same alphabets are not statistically different (p>0.05) from each
other while bars with different alphabets are statistically significant (p<0.05).

Variety 1= Yolo Wonder; Variety 2= Poivron Yolo; Variety 3= Chili
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Figure 17: Effect of different soil amendments on total chlorophyll of pepper

Vertical bars represent means; error bars represent + standard error. Mean separation (post-hoc) was
done using Tukey HSD. Bars with the same alphabets are not statistically different (p>0.05) from each
other while bars with different alphabets are statistically significant (p<0.05). TO =5kg of top soil with
no manure (control); T1 =10g of cow dung; T2= 10g of goat dung; T3= 10g poultry manure; T4= 5g of
goat dung + 5g of poultry manure; T5= 5g poultry manure + 5g of cow dung; T6= 5g of cow dung + 5g
of goat dung; T7= 4g of cow dung + 3g of poultry manure + 3g of goat dung

Discussion

The outcome of pre-soil analysis revealed
the suitability of the test soil for pepper
production. The soil was arable although
deficient in organic matter and organic
carbon possible due to limited number of
trees and fallen leaf litters that could add to
to the organic matter of the soil at the
Botanical garden. Hence microbial activities
are probably limited. Although macrofauna

population was not investigated at the
experimental site, the area is characterized
by presence of earthworms and their casts
which might have contributed to the good
soil structure and other suitable physico-
chemical properties observed. These include
suitable pH, cation exchange capacity and
electrical conductivity found within normal
range for arable land. The above findings
agree with some reports on the use of soil
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conditioners or amendments in the alteration
of soil structure (Celestina et al, 2019).
Some authors also reported that the soil
conditioners do not change soil texture,
which refers to the proportions of sand, silt,
and clay in the soil (Celestina et a/, 2019). It
is however possible that the use of organic
soil amendments might have greatly
increased the cation exchange capacity
(CEC) of soils. This refers to the relative
ability of soils to store nutrients in the form
of positively charged particles called
cations. The higher the CEC, the more
cations that can be held and exchanged with
plant roots, providing them with the
nutrients they need (Gilbert et al. 2020).

Results have shown that soil OC was
significantly lower during the growth of the
test plant than in pre-sowing soil samples.
Application of 10g cowdung yielded the
highest amount of OC in soil. The pepper
Yolo Wonder variety improved soil OC.
Organic amendments are often reported to
influence crop performance through the
amelioration of soil constraints (i.e.
improving soil physical, chemical and
biological properties and restoring degraded
soils) and/or through plant nutrients
contained in the amendments (Celestina et
al, 2019) Soil is an important reservoir of
carbon, storing more than the atmosphere
and terrestrial vegetation combined.(Gilbert
et al. 2020) In terrestrial ecosystem,
different studies have reported that the main
factors influencing the soil OC were soil
types, climate, topography, land use
patterns, tillage practices, and fertilizer
application (Zhang et al., 2020). This study
shows that animal wastes in the form of
manures are valuable sources of nutrients
and organic matter for use in the
maintenance of soil fertility and crop
production. This agrees with the view of
Wendy et al. (2020) that soil conditioners
generally help improve the soil structure to
enable plants to better utilize nutrients.

In this work, test plants witnessed a
progressive growth in all vegetative features
from week 2 to week 6. The outcome of this
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investigation showed that the plant’s
vegetative features grew progressively
along the growth cycle from seedlings to
maturity stages. This might result from
cellular and tissue differentiation during
plant development most especially at week
6 that recorded the best plant growth. The
progressive increase in vegetative parameter
with number of weeks might probably due
to an enhanced nutrient uptake potential by
the plants as the week progresses (Chen et
al., 2011; Saud et al., 2014). In pepper,
varietal type influenced all vegetative
growth parameters. Varietal differences and
impacts on growth and physiological yields
may be due to genetic factors or an interplay
of genes and environment, a view that was
upheld in other studies (Kovacs et al., 2022).

It was discovered that different
treatment applications had significant
effects on all growth parameters of pepper
where each of the amendment positively
influenced one or more growth parameter.
The increase in number of leaves per plant
with organic fertilizer application stressed
its importance during the vegetative growth
of crop plants (CABI, 2023). This work
aligned with the suggestions given by
Sanwal et al. (2017) who attributed the
increase in number of branches of okra to
poultry manure application. The authors
argued that easy solubilization of nutrients
might have released plant nutrient leading to
improved nutrient status and water holding
capacity of the soil. These differences in
plant morphometric characteristics as
observed in this study may be due to the
different application manure obtained from
different sources including poultry dung,
cow dung and goat wastes used in single and
combined forms at different mixes. This
finding aligns with the view of authors who
observed the influence of soil conditioners
on growth of rice (Réthoré et al., 2020),
finger millet (Suma and Urooj, 2012), and
soybean (Lee et al, 2019; Okoh et al.,
2023). Similar reports were given by Amin
et al (2016) who found improved
performances of cereal crops in different soil
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amendments A good number of researches
have shown soils amended with animal
manures improved soil conditions and crop
growth and yields (Iren ef al., 2015; Udoh et
al., 2016; Khaliq et al., 2017). Ayeni and
Adetunji  (2010) reported that organic
fertilizers positively impacted soil nutrient,
soil structure, base saturation and bulk
density. Moreover, organic manures are rich
in organic matter and are a good substrate
for the growth of soil microorganisms and
they positively affect nutritional balance and
the physical properties of soil (Maheshbabu
et al., 2018).

Total  protein  content lants
significantly depend on both durations of
plant and variety. The Poivron Yolo type of
pepper had significantly higher protein
contents of 3.5% at week 6 than other types.
Treatment application had significant
effects on total protein of the two test plants
In pepper, application of 5g cow dung + 5g
goat dung to soil significantly influenced
total protein from week 2-6. This effect may
be attributed to the ability of amendments to
prevent transpiration rate and improve many
physiological and biochemical processes in
plants including protein yield (Kovacs et al.,
2022). The outcomes were in tandem with
other numerous studies that suggested
possible effects of fertilization by inorganic
amendments in crop productivity as it
affects the physiological properties of plants
in terms of production of biomass and
biochemical (Ahmad et al., 2015; Kowalska
et al, 2020). Total chlorophyll was
influenced by plant duration and varietal
types in the two test plants. In pepper,
chlorophyll was higher at week 2 than week
4 while week 6 contained the highest
amount t. The Yolo Wonder type of pepper
had significantly higher chlorophyll content
(7.0%) at week 6 than other types.
Treatment applications had significant
effects on total chlorophyll across the plant
duration (P<0.05) where amendment using
4g of cow dung + 3g of poultry manure + 3g
of goat dung most significantly influenced
total chlorophyll at week 4 and 6. In maize

(ISSN: 3027-088X)

and wheat plants, inorganic silica
amendments was found to improve leaf
chlorophyll index (Galindo ef al., 2021).

The organic manures used are good
sources of nutrients. All plants require a
ready supply of macro and micronutrients
within their growth medium in order to
accomplish their standard physiological
functions. The presence of appropriate
concentrations of nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca), sulfur (S),
magnesium (Mg) and iron (Fe) have all been
recognised as essential for optimum plant
growth, chlorophyll synthesis and overall
productivity (Abdelaal et al, 2020). A
depletion in overall leaf chlorophyll content
reduces the amount of solar radiation that
can be absorbed which in turn limits the
efficiency of corresponding photosynthetic
processes thus lowering  primary
photosynthetic production (Abdelaal et al.,
2020).

Conclusion

In conclusion, the organic treatments
applied as soil amendments had positive
impacts on all growth of pepper. Application
of 5g cow dung + 5g goat dung to soil
significantly influenced total protein from
week 2-6 while 4g cow dung + 3g poultry
manure + 3g goat dung increased total
chlorophyll. Application of 5g cow dung +
5g goat dung to soil significantly influenced
total protein from week 2-6 while 4g cow
dung + 3g poultry manure + 3g goat dung
increased total chlorophyll. Varietal and
plant duration factors also exerted positive
impacts on the parameters evaluated.
Therefore, the best performing varieties and
soil amendments as highlighted in this report
are recommended in the cultivation of
pepper for improved plant productivity and
carbon sequestration.

References

Abdelaal, K.A.A., Mazrou, Y.S., Hafez,
Y .M. (2020). Silicon Foliar Application
Mitigates Salt Stress in Sweet Pepper
Plants by Enhancing Water Status,

https://pban.org.ng

536



PLANT BREEDERS ASSOCIATION OF NIGERIA - HYBRID ANNUAL CONFERENCE, MAKURDI 2023

Photosynthesis, Antioxidant Enzyme
Activity and Fruit Yield. Plants. 9:733.
Aguilar-Meléndez A, Morrell PL, Roose
ML, Kim SC (2009). Genetic diversity
and structure in semiwild and
domesticated chiles (Capsicum
annuum</i>; Solanaceac) from Mexico.
American  Journal of  Botany,
96(6):1190-1202.
http://www.amjbot.org/

Ahmad, M., El-Saeid, M.H., Akram, M.A.,
Ahmad, H.R., Haroon, H., Hussain, A.
(2015). Silicon fertilization—A tool to
boost up drought tolerance in wheat
(Triticum aestivum L.) crop for better
yield. Journal of Plant Nutrition,
39:1283-1291

Amin, M., Ahmad, R., Ali, A., Hussain, I.,
Mahmood, R., Aslam, M., Lee, D.J.
(2016). Influence of Silicon
Fertilization on Maize Performance
Under Limited Water Supply. Silicon,
10:177-183.

Ayeni, L.S. and Adetunji, M.T. (2010)
Integrated application of poultry
manure and mineral fertilizer on soil
chemical properties, nutrient uptake,
yield and growth components of maize.
Natural Science, 8(1):60—67

CABI (2023). Botany of Capsicum species.
CABI Compendium. Available at
www.cabi.org

Celestina, C., Hunt, J. R., sale, P.W.G. and
Franks, A.E. (2019). Attribution of crop
yield responses to application of
organic amendments: A critical review.
Soil & Tillage Research 186: 135-145

Chen, W, Yao, X., Cai, K., Chen, J. (2011).
Silicon alleviates drought stress of rice
plants by improving plant water status,
photosynthesis, and mineral nutrient
absorption. Biology of Trace Element,
142:67-76.

Diacono, M. and Montemurro, F. (2010).
Long-Term  Effects of Organic
Amendments on Soil Fertility. A
Review, Afronomy for Sustainable
Development 30: 401-422.

(ISSN: 3027-088X)

Galindo, F., Pagliari, P., Rodrigues, W.,
Fernandes, G., Boleta, E., Santini, J.,
Jalal, A., Buzetti, S., Lavres, J., Filho,
M.T. (2021). Silicon Amendment
Enhances Agronomic Efficiency of
Nitrogen Fertilization in Maize and
Wheat  Crops  under  Tropical
Conditions. Plants, 10:1329.

Gilbert, J., Ricci-Jurgensen, M. and Ramola,
A. (2020) Quantifying the Benefits of
Applying Quality Compost to Soil.
International Solid Waste Association,
Rotterdam, The Netherlands. (available
here - https://www. iswa.org/uploads/

Gong, H.J., Chen, K.M., Chen, G.C., Wang.
S.M., Zhang, C.L. (2003). Effects of
silicon on growth of wheat under
drought. Journal of Plant Nutrition,
26:1055-1063

Iren, O.B., Akpan, J.F., Ediene, V.F. and
Asanga, E.E. (2015). Influence of
cassava peels and poultry manure-based
compost on soil properties, growth and
yield of waterleaf (Talinum triangulare
Jacq) in an ultisol of south-eastern
Nigeria. Journal of Soil Science and
Environmental Management, 6(7):187—
194

John, N.M., Uwah, D.F., Iren, O.B. and
Akpan, J.F. (2013). Changes in maize
(Zea mays L.). Performance and
nutrients content with the application of
poultry manure, municipal solid will
bete and ash Composts. Journal of
Agricultural Science, 5(3):270-27

Khaliqg, S.J.A., Al-Busaidi, A., Ahmed, M.,
Al- Wardy, M., Agrama, H. and
Choudri, B.S. (2017). The effect of
municipal sewage sludge on the quality
of soil and crops. International Journal
of Recycling and Organic Will bete,
6:289-299.

Klotzbiicher, A., Klotzbiicher, T., Jahn, R.,
Xuan, L.D., Cuong, L.Q., Chien, H.V.,
Hinrichs, M., Sann, C. and Vetterlein,
D. (2017). Effects of Si fertilization on
Si in soil solution, Si uptake by rice, and
resistance of rice to biotic stresses in

https://pban.org.ng

537



PLANT BREEDERS ASSOCIATION OF NIGERIA - HYBRID ANNUAL CONFERENCE, MAKURDI 2023

Southern Vietnam. Paddy and Water
Environment 16(2):243-252.

Kovacs, S., Erika, K. and Jozsef, C. (2022).
The Multiple Role of Silicon Nutrition
in Alleviating Environmental Stresses
in Sustainable Crop Production. Plants
(Basel):11(9): 12-23.

Kowalska, J., Tyburski, J., Bocianowski, J.,
Krzyminska, J., Matysiak, K. (2020).
Methods of Silicon Application on
Organic  Spring Wheat (7riticum
aestivum L. spp. vulgare) Cultivars

Grown across Two  Contrasting
Precipitation Years. Agronomy,
10:1655.

Lee, K.E., Adhikari, A., Kang, S.M., You,
Y.H., Joo, G.J., Kim, JH., Kim S.J.,
Lee [1J. (2019). Isolation and
Characterization of the High Silicate
and Phosphate Solubilizing Novel
Strain Enterobacter Iludwigii GAK2
that Promotes Growth in Rice Plants.
Agronomy, 9:144.

Maheshbabu, H.M., Hunje, R., Biradar,
N.K. and Babalad, H.B. (2018). Effect
of organic manures on plant growth,
seed yield and quality of soybean.
Karnataka  Journal — Agricultural
Science, 21(2):219-221

Olson, K.R., Al-Kaisi, M.M., Lal, R.,
Lowery, B. (2014). Experimental
consideration, treatments, and methods
in determining soil organic carbon
sequestration  rates.  Journal  of
American Society of Soil Science,
78:348-360.

Onah, LE. and Omudu, E.A. (2016).
Prevalence of malaria in relation to
insecticide treated-nets usage in a rural
and urban settlement in Benue State.
Nigerian Journal of Parasitology, 37(1)

Réthoré, E., Ali, N., Yvin, J.C., Hosseini,
S.A. (2020). Silicon Regulates Source
to Sink Metabolic Homeostasis and

(ISSN: 3027-088X)

Promotes Growth of Rice Plants under
Sulfur  Deficiency.  International
Journal of Molecular Science, 21:3677

Sanwal, S.K., Lakminarayana, K., Yadav,
R.K. Rai, N., Yaldav, D.S. and
Mousumi, B. (2017). Effect of organic
manures on soil fertility, growth,
physiology, vyield and quality of
turmeric. Indian Journal of
Horticulture. 64(4): 444 — 449.

Saud, S., Li X., Chen Y., Zhang L., Fahad
S., Hussain S., Sadiq A., Chen Y.
(2014). Silicon application increases
drought tolerance of Kentucky
bluegrass by improving plant water
relations and morphophysiological
functions. Science World Journal, 36:
86-94.

Simone (2014). Okra (Abelmoschus
esculentus L.): a study of its nutritional
value, protein profile
and antioxidant potential.  Acta
Horticulturae, 1049(1049): 415-420.

Suma, P. F., and Urooj, A. (2014). Nutrients,
antinutrients and bioaccessible mineral
content (invitro) of pearl millet as
influenced by milling. Journal of Food
Science and Technology, 51(4): 756—
761.

Udoh, D.J. and Iren, O.B. (2016).
Evaluation of fish pond efuent as an
organic fertilizer in comparison with
poultry and pig manures in the
cultivation of pineapple (A4nanas
comosus). IOSR Journal of Agriculture
and Veterinary Science, 9(9):5-1

Wendy, M. R., Lotta, R., Ilias, K.,
Margareth, O., Helene, G. and Gilbert,
J. (2020). Prospects for sustainability of
pig production in relation to climate
change and novel feed resources.
Journal of the Science of Food and
Agriculture, 100(9): 3575-3586

https://pban.org.ng

538



