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Abstract

The use of chemical fertilizers as soil amendment has improved crop yields in sub-Saharan Africa successfully. Unfortunately,
they appear to be expensive and readily unavailable to farmers. They are also believed to cause soil acidity, eutrophication and
emit greenhouse gases. This current field experiment was carried out to evaluate the effect of blood meal from abattoir blood
waste on soil chemical properties (pH, organic Carbon, total Nitrogen, available Phosphorus, and exchangeable Potassium), the
concentration of macro elements (Nitrogen, Phosphorus, Potassium, Magnesium, Calcium) and microelements (Copper, Zinc,
and Iron) as well as the growth and yield of African chili pepper relative to chemical fertilizer. The study comprised four
treatments: blood meal, conventional NPK, combination of blood meal and chemical NPK, and control with five replications in a
Randomized Complete Block Design (RCBD). The result showed that blood meal significantly improved the soil pH, organic
matter content, total Nitrogen, available Phosphorus and exchange Potassium, and the concentration of macro and microelements
in pepper relative to chemical fertilizer and control. Also, Blood meal in combination with chemical fertilizer significantly
improved the soil pH, organic matter content, total Nitrogen, available Phosphorus and exchange Potassium, and the
concentration of macro and microelements in pepper compared to the chemical fertilizer and control The study also revealed that
the application of blood meal significantly resulted in 7.6%, 32.9% and 398.7% fruit yield increase relative to the combination of
blood meal and chemical NPK, conventional NPK alone and control. The application of blood meal from abattoir blood waste
can improve soil chemical properties, nutrient concentration, growth and yield of African Chili pepper under field conditions.
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1. Introduction

The world population is expected to increase from 7.7 bil-  The rate of African population growth, especially in
lion in 2020 to about 9.7 billion by 2050 [1]. As a result, the ~ Sub-Saharan Africa, coupled with the changes in food pref-
global food demand is expected to double by the 2050s [2, 3]. erences and consumption growth, suggests that the global
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demand for food will increase for at least another 40 years [2]
and that food production must more than double to meet the
food needs in 2050 [4].

One of the most compelling factors jeopardizing the in-
crease and resilience of agricultural productivity, which is
also a significant threat to global food and nutrition security,
is soil degradation [5, 6]. It is reported that 65% of the soil and
arable land is degraded [7].

Soil fertility decline is a major problem confronting most
countries, especially in the tropics, causing food and nutri-
tional insecurity in sub-Saharan Africa [8]. To address this
fertility problem, there is the need for external sources to
boost and increase the nutrient value and contents of such
soils in order to increase crop production.

In sub-Saharan Africa, chemical fertilizers have been ex-
tensively applied to crops by farmers to increase productivity
and yield [9].

However, overuse of chemical fertilizers can result in soil
acidification and compaction [10], cause declines in microbial
function and diversity [11], and change microbial assembly
processes [12]. These changes can adversely affect soil
ecology and food production. They are also expensive and
easily unavailable and can result in soil nutrient imbalance
[13].

Organic fertilizers are a promising alternative to chemical
fertilizers [14, 15] as they are mainly derived or composted
from plant-based or animal-based materials, rich in soil nu-
trients, and carry beneficial microbes. Organic fertilizers
could prevent the adverse effects of synthetic fertilizers in
agricultural production, improving soil nutrition and micro-
bial communities [16, 17]. However, the adverse effects of
these fertilizers from different biological sources on plants
and their risks to soil ecology remain poorly apprehended.

Because organic fertilizers are derived from the compost-
ing of animal manure, human excreta, household and mu-
nicipal wastes, agriculture and plant waste [18], they possess
a significant possibility of improving environmental cleanli-
ness and sustainability [19].

One important unutilized organic resource available for soil
fertility and crop yield enhancement is the wastes generated
from the abattoir processing industry, a significant source of
environmental problems. In Ghana, large quantities of this
waste are generated yearly. According to Awafo & Amenorfe
[20], Kumasi alone generates approximately 80,000 tons of
abattoir waste (solid + liquid waste) annually.

There are problems and challenges concerning the disposal
of abattoir wastes, including unavailability of landfill sites,
high labour and transport costs of disposal at landfill sites, and
the lack of processing methods [20, 21]. Abattoir or slaugh-
terhouse wastes are made up basically of blood and rumen
contents of animals and are an important source of organic
matter which can be recycled or converted to soil amendments
to improve the fertility of soils and crop yield [22]. Envi-
ronmentally, the recycling of abattoir waste offers the poten-
tial to reduce the quantity of waste sent to landfill sites,

175

thereby reducing pressure on landfill sites, promoting greener
farming, and reducing environmental pollution and employ-
ment opportunities [23].

This current study sought to investigate the impact of blood
meal made from abattoir blood waste on the improvement of
some soil chemical properties (pH, organic Carbon, total
Nitrogen, exchangeable Potassium and available Phosphorus)
and growth and yield of African Chili pepper (Capsicum
frutescens).

Acreport by Ravindran et al., [24] suggested that blood meal
contains high molecular weight proteins and can be consid-
ered a rich source of Carbon, C and Nitrogen, N for producing
organic fertilizers. Due to its rapid mineralization rate, it is
regarded as a relatively fast N releaser [25]. Kalbasi &
Shariatmadari [26] stated that blood meal has a high N content,
between 10-13%, and is made up of hemoglobin (globular
protein) and characterized by the presence of a prosthetic
group (protoporphyrin) containing iron (Fe) (about 0.2-0.3%
(w/w) which may be taken up by plant roots [27]. Blood meal
is also reported to have N (12% to 14%) higher than most
organic fertilizers [28]. Reports by the Indonesian Ministry of
Agriculture [29] put the content of N, P, and K in blood meal
at 13%, 2% and 1%, respectively.

Blood meal is reported to enhance soil fertility and crop
yield [26, 30].

The objectives of the study were to

1. Evaluate the growth and yield response of African chili
pepper (Capsicum frutescens.) upon application of blood
meal from abattoir blood waste

2. Assess the impact of blood meal from abattoir blood
waste on some selected soil chemical properties (pH, organic
Carbon, total Nitrogen, exchangeable Potassium and available
Phosphorus), and

3. Determine the influence of blood meal from abattoir
blood waste on the concentration of macro and micronutrients
in African Chili pepper.

2. Materials and Methods

2.1. Description of the Study Area

This study was conducted at the Teaching and Research
farm of the University of Cape Coast, Ghana. With 5°7'
53.436" N latitude and 1°16' 46.1064", the experimental site
receives two rainfall periods - from late March to July and
from September to early November. The annual rainfall is
between 800 mm and 1400 mm per annum, with an average
annual rainfall of 1100 mm. The temperatures of the area
range between 24<C and 28<C monthly. March is the hottest
month (temperature of 31<C). The mean monthly relative
humidity is generally high ranging from 60% to 85%. The soil
at the experimental site is classified as a Haplic Acrisol (FAQ,
I. Working Group WRB, 2015) formed from Sekondian rocks
[31]. Table 1 shows the chemical properties of the soil used.
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2.2. Preparation of Blood Meal and Chemical
Analyses

The fresh blood waste was poured into a tray and ov-
en-dried at 60 <€ for 48 hours [32]. The dried blood was
weighed, milled, pulverized and then stored in a polythene
bag.

A sample of the blood meal was then taken and analysed for
the pH, organic Carbon (C), total nitrogen (N), total Phos-
phorus (P), total Potassium (K), total Calcium (Ca), total
Magnesium (Mg), Copper (Cu), Zinc (Zn) and Iron (Fe). The
remaining was used for agronomic investigations. The
chemical components of the blood meal used for this study are
shown in Table 2.

2.3. Experimental Design and Treatment

A randomized complete block design (RCBD) was used as
the experimental design. The experiment was made up of four
treatments with four replications as follows:

T1: Absolute control

T,: Urea, UR (261 kg ha*) + Tripple Super Phosphate, TSP
(29 kg ha*) + Muriate of Potash, MoP (6 kg ha™)

Ts: Blood Meal, BM (354.5 kg ha™) + UR (130.5 kg ha®) +
TSP (14.5 kg ha*) + MoP (3 kg ha™)

T4 BM (709 kg ha™)

The blood meal was incorporated into the soil one week
before transplanting. The TSP and MOP were applied 7 days
after transplanting. In the case of urea, it was split applied
(one-half of the total dose at 7 days after transplanting and the
other half at 21 days after emergence). All the chemical
amendments were applied using side placement buried about
5 cm deep into the soil and 5 cm away from the base of the
plant. The conventional fertilizers were purchased from reg-
istered local input dealers and the N, P and K contents of urea,
TSP and MOP, respectively, were gleaned from their labels.

2.4. Agronomic Practices and Data Collection

Seedlings of Chili pepper at 2 weeks after emergence were
transplanted onto a prepared field at a planting distance of 0.9
m within rows and 0.6 m between rows, giving 18 plant stands
on a 10 m? plot. The seedlings were regularly watered (every
three days), and weeds were cleared manually using a hoe
every fortnight. Bypel 1 was used to control pest attacks [33].
At physiological maturity (12 weeks after transplanting), data
were collected on a number of leaves, branches and plant
height. All the plants within the middle row were harvested.
The fruits were taken, counted, and weighed and the values
were recorded as fruit yield.

The fresh samples of the fruits were washed sequentially
with 0.2 % liquid detergent, 0.1 M HCI solution and water to
get rid of dust and other contaminants on the fruits. The
washed samples of the fruits were placed in paper bags, ov-
en-dried at 65 ° C for 48 hours, and milled for laboratory
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analyses.

2.5. Postharvest Soil and Plant Analyses

At harvest, soil samples were collected from each treatment
plant, air-dried and sieved through a 2-mm mesh. The sieved
soils were analysed for pH, organic C, total N, available P and
exchangeable K content. Soil pH was measured in 1:2.5
soil-water suspension, organic Carbon was determined by the
Walkley-Black method, total Nitrogen by micro-Kjedahl
method [34] and exchangeable K by ammonium acetate ex-
traction and AAS [35]. The Bray-1 acid and UV- vis spec-
trophotometer method was followed to analyse for available P
content in the soil [36] and tissue [37].

2.6. Data Analysis

Collected data from the study were subjected to analysis of
variance (ANOVA) employing the GenSTAT statistical
package (Discovery, Edition 12) [38]. Post Hoc analysis of
the mean values of the soil chemical properties, growth and
yields, and some mineral elements were deemed statistically
significant at P-values less than 0.05. Pearson correlation was
carried out to determine the relationship between the nutrient
concentration in the lettuce and the yield.

3. Results

3.1. Chemical Properties of Blood Meal and Soil
Used

Table 1. Some chemical components of the blood meal prepared from
the abattoir blood waste.

Parameter Value
pH 8.20
Organic Carbon (%) 47.60
Total Nitrogen (%) 16.92
C: N Ratio 2.8:1
Total Phosphorus (%) 1.87
Total Potassium (%) 0.5
Total Magnesium (%) 0.05
Total Calcium (%) 0.15
Boron (ug g™ Traces
Molybdenum (ug g% Traces
Copper (ug g 12.94
Zinc (ug g™) 42.85
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Parameter Value in fertility.
Iron (ug g*) 272.1 3.2. Effect of Blood Meal and Chemical NPK on

Table 2. Chemical properties of the soils used for the trials.

Parameter Value
pH 6.3
Total Nitrogen (%) 0.09
Organic Carbon (%) 0.63
Available Phosphorus (ug g™) 0.22
Exchangeable Potassium (cmolc kg™) 0.7

The chemical analysis of the blood meal used (Table 1)
indicates that it has a high pH (8.2), portraying its ability to
reduce soil pH. It contains high N content (17%) with organic
C of 47.6% and appreciable levels of Ca and Mg. It also
contains an appreciable concentration of some microelements
(Fe, Zn, Cu) required for plant development. This shows that
blood meal can potentially improve fertility and crop yield.

The data indicates that the soil (Table 2) used was slightly
acidic and had low organic C, total N, available P and ex-
changeable K concentrations, suggesting that the soil was low

Some Soil Chemical Properties After
Planting

The application of blood meal significantly (p<0.05) in-
creased the soil pH, organic C, total N exchangeable K and
available Phosphorus compared to the sole application of
conventional NPK and the control (Table 3). Blood meal
application elevated the soil pH by 0.5 and 1.1 pH units over
the control and conventional NPK. Total nitrogen content was
increased by blood meal by 1625%, 62% and 19% relative to
control, sole NPK and combination of blood meal and NPK,
respectively. Blood meal application increased organic carbon
level by 226.7%, 180.7% and 6.5% compared to the control,
sole NPK and combination of blood meal and NPK. Regard-
ing available Phosphorus, there was a significant difference
between the sole blood meal and the combination of blood
meal and NPK, but the two improved the available Phos-
phorus by 26.2% and 18%, respectively, relative to sole
conventional NPK application and over 1000% compared to
the control. Blood meal application elevated the exchangeable
Potassium by over 100% relative to the control and 48%
compared to the conventional NPK.

Table 3. Soil chemical properties of soil as influenced by blood meal and chemical fertilizer application after planting.

Available Phos- Exchangeable Potassium

Treatment pH Total Nitrogen (%) Organic Carbon (%) phorus (ug g) (cmolc™ kg)
Tl 6.4b 0.08a 1.16a 0.2a 0.438a

T2 5.8a 0.85b 1.35b 151.8b 0.752b

T3 6.7c 1.16¢ 3.56¢ 178.7c 1.028¢c

T4 6.9d 1.38d 3.79d 191.6¢c 1.116d
P-Value <.001 <.001 <.001 <.001 <.001

LSD 0.11 0.06 0.10 13.73 0.059

Means followed by the same letter in each column are not significantly different at P < 0.05 using Fisher's unprotected LSD (LSD, Least

significance difference).

The combination of blood meal and NPK significantly
(p<0.05) increased the soil pH and the concentrations of N, P,
K, P and K compared to the control and the sole NPK. Con-
ventional NPK significantly reduced the pH of the soil by 0.6
units relative to the control. On the other hand, the sole ap-
plication of NPK recorded higher nutrient values relative to
the control.
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3.3. Concentrations of Selected Nutrient
Elements in Pepper upon the Application of
Blood Meal and Chemical NPK

The concentrations of selected major nutrients (Nitrogen,
Phosphorus, Potassium, Calcium and Magnesium) in the plant
(chili pepper) are represented in Table 4.
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Application of blood meal significantly (p<0.05) increased
the concentrations of Nitrogen, Phosphorus, Potassium, Cal-
cium and Magnesium in pepper. Sole blood meal application
increased the concentration of Nitrogen, Phosphorus and
Potassium in pepper was increased by 112%, 97% and 90%,
respectively, relative to control and 36%, 49% and 33%
compared to sole application of conventional NPK. Calcium
and magnesium concentrations in pepper were elevated by

blood meal addition by 106% and 194%, respectively com-
pared to control and 21% and 38% compared to the sole ap-
plication of NPK. The combined addition of blood meal and
NPK significantly (p<0.05) improved the Nitrogen, Potas-
sium and Calcium relative to control and NPK alone. There
was no significant difference between the combined applica-
tion of blood meal and NPK and NPK alone with regard to the
concentration of Phosphorus and Magnesium.

Table 4. Concentration of some major elements in pepper following the application of blood meal and chemical fertilizer (NPK).

Potassium (mg g?)

Calcium (mg g}) Magnesium (mg g%)

Treatment Nitrogen (%) Phosphorus (mg g)
T1 2.936a 2.820a

T2 4.580b 3.740b

T3 5.220c 4.200b

T4 6.240d 5.560c

P-Value <.001 <.001

LSD 0.4172 0.3700

20.82a 23.20a 1.320a
29.84b 39.60b 2.820b
34.54c 45.43c 3.160b
39.54d 47.95d 3.880c
<.001 <.001 <.001

1.189 1.361 0.3079

Means followed by the same letter in each column are not significantly different at P < 0.05 using Fisher's unprotected LSD (LSD, Least

significance difference).

The concentrations of some selected minor nutrients (iron,
zinc and copper) in chili pepper are shown in Table 5. Iron
concentration was similar for sole blood meal and blood meal
in combination with NPK. The two, however, elevated the
iron level significantly (p<0.05) compared to the control and
conventional NPK. Sole blood meal and the combined ap-
plication increased the iron level by 447 % and 307%, re-
spectively, compared to the control and 51.5% and 37.5 %
respectively, compared to conventional NPK. Conventional
NPK also significantly (p<0.05) increased the iron concen-
tration by 195% relative to the control. Regarding the zinc

concentration in pepper, there was no significant difference
between sole NPK and the combined application of blood
meal and NPK. However, the two were significantly different
from the control treatment. Sole blood meal application sig-
nificantly recorded the highest zinc level over the control,
conventional NPK and the combined application with 618%,
127.2% and 72% respectively. Sole NPK application in-
creased the copper concentration by 151% relative to control.
Sole blood meal application recorded significantly higher
copper concentrations, with over 400% and 98% for control
and conventional NPK, respectively.

Table 5. Concentration of some minor elements in pepper following the application of blood meal and chemical fertilizer (NPK).

Treatment Iron (mg g%)
T1 0.2420a

T2 0.7140b

T3 0.9820c

T4 1.0820c
P-Value <.001

LSD 0.0936

Zinc (mg g Copper (mg g™
0.298a 0.0716a

0.942b 0.1800b

1.244b 0.2300¢

2.140c 0.3580d

<.001 <.001

0.3402 0.02596

Means followed by the same letter in each column are not significantly different at P < 0.05 using Fisher's unprotected LSD (LSD, Least

significance difference).
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3.4. Effect of Blood Meal and Chemical NPK on
Growth and Yield of Pepper

Table 6 shows the number of leaves, plant height, branches,
and days to fruiting as influenced by blood meal and NPK
application. Control recorded the least number of leaves per
plant harvesting with the sole application of blood meal re-
cording significantly (p<0.05) higher leaves number. The
trend of increase followed T4>T3>T2>T1. The conventional
NPK recorded significantly (p<0.05) higher plant height with
over 25% increase relative to the control. The addition of

blood meal alone and in combination with NPK increased the
plant height by 4.5% and 3.1%, respectively over NPK and 26%
and 24% respectively over the control. The number of
branches per plant ranged from 13 to 22.2, with blood meal
recording the highest and control recording the lowest. The
increase was in the order of T4=T3>T2>T1. The control rec-
orded a greater number of days (over 80) to reach 80% fruit-
ing compared to the other treatments. Blood meal alone and in
combination with NPK required significantly fewer days (70)
to reach 80% fruiting than the conventional NPK, which took
76 days.

Table 6. Growth response at harvesting upon the application of blood meal and inorganic NPK.

Treatment No of leaves plant™ Plant height (cm)
T1 118.2a 96.4a

T2 126.0b 116.2b

T3 130.8¢ 119.8bc

T4 135.8d 121.4c

P-Value <.001 <.001

LSD 2131 3.554s

No of branches plant™ Days to 80% fruiting

13.80a 80.20c
17.80b 76.00b
20.80c 70.20a
22.20c 70.00a
<.001 <.001
1.252 1.556

Means followed by the same letter in each column are not significantly different at P < 0.05 using Fisher's unprotected LSD (LSD, Least

significance difference).

The number of fruits per plant, fruit weight, fruit length,
fruit diameter and the fruit yield as affected by the addition of
blood meal NPK are displayed in Table 7. There was no sig-
nificant difference between blood meal alone and in combi-
nation with NPK regarding the number of fruits per plant.
Nonetheless, the two increased the fruit number significantly
with about 50 % and 15% compared to the control and the
NPK. Sole blood meal addition significantly increased the
fruit weight with 8.3%, 16% and 231.4% compared to the
combined application, conventional NPK and control. The
combined application and conventional NPK recorded sig-
nificantly higher fruit weights with over 205% and 186 %,

respectively, relative to the control. The control treatment
recorded the lowest fruit length and diameter, followed by
NPK, with sole blood meal having the highest values. The
order of increase for both fruit length and diameter followed
T1<T2<T3=T4. Compared to the combined application,
conventional NPK and control, the sole addition of blood
meal significantly increased the fruit yield by 7.6%, 32.9%
and 398.7%. The conventional NPK also significantly in-
creased the fruit yield by 275.3% relative to the control. The
combined treatment recorded a percentage fruit yield increase
of 23.5 and 363.5% relative to NPK and the control.

Table 7. Yield response at harvesting upon the application of blood meal and inorganic NPK.

Treatment No of fruit plant®  Fruit weight (g)
T1 100.8a 1.020a

T2 132.2b 2.920b

T3 151.8¢c 3.120b

T4 152.8¢c 3.380c

P-Value <.001 <.001
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Fruit length (cm)  Fruit diameter (cm) Yield t ha
5.040a 1.000a 1.905a
7.340b 1.980b 7.150b
8.080c 2.400c 8.829c
8.460c 2.600c 9.500d
<.001 <.001 <.001
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Treatment No of fruit plant™ Fruit weight (g) Fruit length (cm)  Fruit diameter (cm) Yield t ha'
LSD 2.513 0.1586 0.3212 0.2182 0.4402

Means followed by the same letter in each column are not significantly different at P < 0.05 using Fisher's unprotected LSD (LSD, Least

significance difference).

The correlation between yield and nutrient concentrations
are presented in Table 8. There was a positive and strong
correlation among the parameters. All the selected major

nutrients positively correlated with the pepper yield. Similarly,
the micronutrients also showed a positive correlation with the
yield.

Table 8. Correlation between of yield pepper and nutrient concentration in pepper.

Parameter N P K Mg Ca
0.95***

K 0.97***  0.94**

Mg 0.94** 0.89** 0.95%**

Ca 0.94**  0.86**  0.97*** (0.94**

Cu 0.94**  0.96*** 0.96*** 0.91**  0.89**

Zn 0.92** 0.93** 0.91** 0.86** 0.84**

Fe 0.95***  0.87**  0.97*** 0.95*** (0.97***

FD 0.95***  0.87** 0.95%**  0.92** 0.97***

FL 0.92**  0.85**  0.96*** 0.92**  0.98***

FW 0.92** 0.83** 0.93** 0.91** 0.98***

FY 0.95***  0.86**  0.96*** 0.93**  (0.99***

Cu Zn Fe FD FL FW
0.92**

0.91**  0.87**

0.88**  0.86**  0.97***

0.89**  0.86**  0.97*** 0.96***

0.85**  0.81**  0.94**  0.95*%** 0.97***

0.89**  0.84**  0.96*** 0.97*** 0.98*** 0.99***

N, Nitrogen; P, Phosphorus; K, Potassium; Mg, Magnesium; Ca, Calcium; Cu. Copper; Zn, Zinc; Fe, Iron; FY, Fruit yield; FD, Fruit Diameter;

FL, Fruit Length; FW, Fruit Weight; *, **

4. Discussion

4.1. Effect of Blood Meal and Chemical NPK on
Some Soil Chemical Properties After
Planting

The analytical components of the blood meal indicated that
it could be a good soil amendment due to the presence of
considerably high N concentration and other plant nutrients,
including Ca, Mg, P and K and micronutrients [25]. Again, the
elemental content of blood meal, especially for Iron, Copper
and Zinc, has implications for hidden hunger control in Af-
rica.

Application of blood meal significantly improved the soil
nutrients relative to the control and the conventional NPK.
The blood meal is alkaline as it contains basic forming cations
(K, Ca and Mg) and may correct soil acidity when applied to
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for 0.01 and *** for 0.001 probability level.

acidic humid tropical soils used in the trial.

The improvement in the pH soil by adding blood meal
might be caused by the decomposition and release of the basic
cations (Ca, Mg, and K) possessed by the blood meal. These
cations, when released, alter the pH [39]. They also explained
that at low pH aluminum toxicity, precipitation of P, de-
creased N mineralization and earthworm turnover occur. In
contrast to their report, the increase in pH in blood meal
amended soils is favourable for the availability of nutrients,
macrofauna and microbial activity enhancement and reduc-
tion in aluminum toxicity to plants roots. Total N and Organic
C were elevated in blood meal amended plots above that of
the NPK and control. This conforms to the chemical proper-
ties of the former. The organic carbon content in blood
meal-treated soil is high according to the rating of Tian et al.,
[40], as they stated that organic carbon content less than 1.5,
1.5-2.5 and >2.5% are classified as low, medium and high,
respectively. The increase in organic C will serve as an energy
source for soil microbes, helping to bind soil aggregates to
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form a good soil structure and an overall driver of soil
productivity [41]. Nitrogen elevations by the blood meal plots
could be associated with the high total N reserves of the same.
Blood meal may have slowly undergone mineralization, re-
sulting in the steady release of plant N into the soil, though
this was not considered in this experiment. Also, due to the
high N reserves in the blood meal, available N restoration
takes place after being used by plants. The enhanced availa-
bility of P in the blood meal-treated soils could also be asso-
ciated with increased pH and possible mineralization of or-
ganic P from the blood meal. The blood meal applied con-
tained high amounts of basic cations and may have caused the
retention and exchange of K. In contrast, the NPK fertilizer
with readily soluble Nitrogen, Phosphorus and Potassium
were either taken up by the plants, volatilized and or leached,
causing its rapid depletion from the soil. The P in the
NPK-treated soil might have been precipitated by acidic cat-
ions in the experimental soil, causing reduced P availability in
those soils.

Organic fertilizer enhances nutrient availability, soil pH
and microbial activities [42]. Similarly, blood meal as an
organic fertilizer enhances plant available nutrients and en-
hanced soil physical and biological properties [43]. Moreo-
ver, it is also reported that organic fertilizer can activate the
nutrients in the substrate, improving the soil's physical and
chemical properties [44].

4.2. Influence of Blood Meal and NPK
Applications on Selected Macro and
Micronutrients Contents in Pepper

Both macro and micronutrient concentrations (N, P, K, Mg,
Ca, Fe, Cu and Zn) in the pepper fruit from the blood
meal-treated soil were significantly higher than inorganic
fertilizer and the control as shown in Tables 4 and 5. This
increase in concentration can be attributed to the amount of
nutrient reserves in the blood meal that are released steadily
after decomposition, making it available and possible for
plant uptake, confirming the fact that organic fertilizer has the
propensity to promote the absorption of nutrients by plants
and increase the plant nutrient content [44]. This aligns with
the amount of nutrients stocked in the soil after harvesting
[45]. Also, Zn-enriched fertilizers elevate Zn concentration in
crops [46]. The microelements in blood meal are needed to
curtail hidden hunger in the African population.

4.3. Effect of Blood Meal and Chemical NPK on
the Growth of Pepper

The addition of blood meal increased the number of leaves,
branches, and plant heights of pepper relative to the control
and chemical NKP. The blood meal contains high N content,
which may go through biochemical processes to enhance
vegetative growth. Al-Fraihat & Ahmad [47] opined that
Nitrogen, a fundamental cell component, plays an important
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role in all living tissues of a plant and helps to develop
healthy plant growth and development. Nitrogen is reported
to be an essential element for onion growth through the
build-up of protoplasm and proteins, which affect cell divi-
sion and meristematic activities [48].

Application of blood meal resulted in the early fruiting of
pepper relative to the control and the chemical NPK. This
can be attributed to the improved nutrient absorption or ac-
cumulation in the pepper grown on blood meal-amended soil.
These absorbed nutrients promote vegetative and reproduc-
tive growth, thereby causing early flowering and fruiting in
the plant. This is in tandem with the findings of Qi et al., [49]
and Negi et al., [50] who reported that organic fertilizer can
provide the nutrients required for dry matter accumulation and
promote vegetative growth and reproductive growth.

4.4. Influence of Blood Meal and Chemical NPK
on Yield of Pepper

The addition of blood meal resulted in the production of
more fruits and lengthy fruits relative to the NPK and control
treatments. This elevation of fruit length could result from a
supply of adequate plant nutrients such as Nitrogen, which
may lead to more vegetative growth and dry matter accumu-
lation, thus promoting fruit length [51] and inducing a greater
number of fruits. This is evident as there was a positive cor-
relation between the number of fruit and the fruit length (Ta-
ble 8).

The effect of blood meal application increased the fruit
diameter relative to NPK and the control. The presence of
Nitrogen might ensure vigorous plant growth, resulting in the
highest diameter and thickness of the fruits. This was in
conformity with the findings of Mekuria et al., [52], who
reported similar results and opined that the diameter and
thickness increased with the increasing level of Nitrogen that
favoured the growth of plants. The impact of blood meal on
the fruit weight was significantly different from the control
and inorganic fertilizer. The higher fruit weight could be
attributed to the higher soil nutrients released from the blood
meal, which were absorbed by the plant resulting in the in-
crease in fruit weight. Blood meal-amended soils recorded the
highest fruit yield compared to control and NPK. The ob-
served yield increase is due to the availability of plant nutri-
ents. This observed yield increase could be as a result of the
adequate supply and availability of soil nutrients needed for
the growth and development of the plant [53]. Blood meal is
reported to have a good effect on crop yield and soil fertility as
it increased onion yield and improved soil fertility following
its application [30]. This corroborates the work of some re-
searchers who reported on the beneficial impact of abattoir
waste fertilizers (MBM) on crop yields [54, 55].

The fruit weight, diameter, and yield correlated positively
with the nutrient concentrations in the pepper seed (Table 8).
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5. Conclusion

This current work revealed that blood meal improved the
soil's chemical properties (pH, OC, N, P and K), resulting in
improved soil fertility. Similarly, the blood meal significantly
enhanced the concentration of major nutrients such as Ca, Mg,
N, P and K in the pepper fruits. Essential micronutrients such
as Cu, Zn and Fe in the pepper seed were also elevated with
addition of blood meal. Plant height, number of leaves and
number of pepper branches were all positively affected by the
addition of blood meal. Pepper yield and other yield indices
(fruit length, weight, diameter and number of fruits) were all
significantly improved by blood meal relative to NPK and
control. Conclusively, this work revealed that blood meal had
greater effects or impact on the soil fertility, growth, yield and
nutrient contents of the pepper seed.
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