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Abstract

This study determined the effects of organic and inorganic fertilizers on
growth and yield of three pepper cultivars in the Mount Cameroon Region.
Pepper seedlings were treated with six treatments (T; = no fertilizers (con-
trol), T, = 250 Kg/ha NPK 20:10:10, T; = 350 Kg/ha NPK 20:10:10, T, = 450
Kg/ha NPK 20:10:10, Ts = 20 Mg/ha poultry manure (PM), Ts = 30 Mg/ha
PM). The effects of fertilizers had a significant effect on vegetative growth and
yield of Capsicum chinense cv. “Big Sun” plants had the maximum plant
height (39.09 cm) and mean collar diameter (6.02 mm) in plots treated with
poultry manure at 20 Mg/ha (T5) and 30 Mg/ha (Ts) respectively. The high-
est yield (33.63 Mg/ha) was in Capsicum chinense cv. Safi plants supplied
with 30 Mg/ha poultry manure (Ts) and the lowest yield (10.44 Mg/ha) was in
Capsicum frutescens in control plots (T;). The highest fruit diameter (11.08
mm) and longest fruits (18.39 mm) were observed in Capsicum chinense cv.
Big Sun plants supplied with 30 Mg/ha poultry manure. Capsicum frutescens
fruits had the highest concentration of N (2.39%), P (0.42%) and K (3.06%).
Essential oils analysis shows that there were 179 essential oils from pepper
fruits of Capsicum chinense cv. Safi, with major essential oil been 3,4-dime-
thyl-benzaldehyde and main essential oils were alpha Terpinene and alpha
Pinene based on their abundance. Fruits of Capsicum chinense cv. Big Sun
had two-hundred and eight essential oils with major essential oil been 1,3,5-
Trimethyl-1-H-pyrazol-4-amine and main essential oils were Caryophyllene
oxide and Cymene, based on their abundance. Fruits of Capsicum frutescens
had one-hundred and eighty-one essential oils with major essential oil been
Limonene, and main essential oils were Carvacrol and D-limonene with respect
to abundance. Results show that 20 Mg/ha poultry manure was the most cost
effective in the production of pepper in Buea Cameroon.
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1. Introduction

The decline in soil fertility as result of continuous cultivation and high cost of
inorganic fertilizers has led to renewed interest in the use of organic fertilizers
for soil fertility management as it is ecologically sound and sustains productivity
of the soil. Increase in world population is increasing pressure on land leading to
unsustainable systems such as short duration fallow, sedentary agriculture on
small-scale holdings, and expansion of agriculture into marginal areas and forest
reserves [1]. Adoption of these inappropriate farming methods has thus resulted
in land degradation and deterioration of the environment. Deforested land, if
not managed, could lead to soil erosion, soil compaction, loss of soil fertility and
poor underground water quality. Therefore, in order to achieve sustainable agri-
cultural production, it is imperative to explore alternative soil and nutrient man-
agement practices which minimize soil degradation.

Pepper is an annual crop from the Solanaceae that originated from Central
America. The genus Capsicum presents several varieties among which five are
domesticated. The diversity of the colorific profile testifies to the presence of ca-
rotenoids which can be used as a natural colourant and antioxidant. Pepper is
considered as a source of bioactive compounds such as polyphenols and flavo-
noids [2]. It is a very important fruit vegetable in the tropics and the world’s
second most important vegetable after tomatoes [3]. Pepper has increased in
popularity and importance over a long period, thus making it an indispensable
part of the daily diet of millions of people. Pepper is normally used as a spice in
the preparation of soups and stews when cooked with tomatoes and onions. It
can also be used as a condiment and extensively in flavouring of processed meat,
colouring certain food preparations and also used for medicinal purposes [4].

Ethiopia is the highest global producer of pepper (374,413 ton). Its production
has increased for 8% in five years meanwhile Cameroon production is quite sta-
ble at 93 Metric Tons from 2014 to 2019 [5].

Generally, Solanaceous vegetables require large quantities of macro-nutrients
such as nitrogen (N), phosphorus (P) and potassium (K), Calcium (Ca), magne-
sium (Mg) and sulphur (S) for better growth, fruit and seed yield. These nu-
trients have specialized functions and should be supplied to the plant at the right
time and in right quantity. Pepper like other crops, produces well when it is
adequately supplied with the essential nutrients through fertilization [6]. One of
the ways of increasing the yield is by boosting the soil nutrient content either
with the use of organic materials such as poultry manure, animal waste, and use

of compost or with the use of inorganic fertilizers [7] [8]. There is little or no
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information on the required amount of organic or inorganic fertilizers for the
production of the Capsicum frutescens, Capsicum chinense cv Big Sun and C.
chinense cv Safi in Cameroon and especially in the Mount Cameroon. This
study therefore investigates which fertilizer type(s) and quantity that shall en-

hance the productivity of pepper in the Mount Region of Cameroon.

2. Materials and Methods
2.1. Study Area

This research was carried out at the University of Buea Research Farm in the
Department of Botany and Plant Physiology. Buea is located in the South West
Region of Cameroon between latitude 3°57' to 4°27'N and longitude 8°58' to
9°25'E. Buea is located on the eastern slope of Mount Cameroon with mean an-
nual rainfall of about 2800 mm, received monthly between June and September.
The mean annual temperature, mean relative humidity and sunshine are 28°C,
86% and 900 to 1200 hours per annum respectively [9]. Buea is mountainous
with thick evergreen forest vegetation and transitional changes along altitudin-
al gradient. Agriculture is the major activity in this region and this is mostly
carried out by land rotation and organized commercial plantations by the Ca-
meroon Development Corporation (CDC) [9]. Soil type is basically volcanic
[10] though soil fertility has seriously declined due continuous cropping of the

area.

2.2. Treatments and Experimental Design

The experiment consisted of six treatments (T, = No fertilizers (control plot), T,
= 250 Kg/ha NPK 20:10:10, T; = 350 Kg/ha NPK 20:10:10, T, = 450 Kg/ha NPK
20:10:10, Ts = 20 Mg/ha poultry, T6 = 30 Mg/ha poultry). The experiment was

laid out in a complete randomized block design with three replications.

2.3. Soil and Poultry Manure Analysis

Surface soil samples were collected randomly at 30 spots at a depth of 0 - 20 cm
in the experimental plot before commencement of the experiment. The soils
were bulked and mixed thoroughly to have a homogenous sample. A subsample
of 200 g was taken and air dried and later sieved with a 2 mm sieve. The sample
was coded and taken to the Institute of Research for Agricultural Development
(IRAD) Ekona Cameroon for routine chemical and particle size analyses. Par-
ticle size was determined by Bouyoucos method [11]. Soil pH was measured in 2:1
soil/water suspension as well as in soil/KCl suspension (1:2) using a glass-electrode
pH meter [12]. Soil organic carbon was determined using Walkley-Black method
[13]. Available phosphorus was extracted with Bray-2 solution and read at a wa-
velength of 882 nm, while in the exchangeable bases (K*, Na*, Ca*", Mg**) were
extracted with 1IN ammonium acetate (NH,OA) (pH 7). Sodium, Potassium, Cal-
cium and Magnesium (Na*, K*, Ca**, Mg**) were read with an atomic absorption

spectrophotometer. Cation Exchange Capacity (C.E.C) was read with a colori-
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meter at a wavelength of 650 nm [14].

Poultry manure used for the experiment was collected from a poultry farm in
Buea. The manure was air-dried, crushed and sieved with a 0.2 mm sieve and a
sample of 200 g was taken to IRAD Ekona Cameroon for chemical analysis as

described for soil samples.

2.4. Land Preparation and Transplanting of Seedling

The land was cleared, raked and laid out using pegs, tape and strings. The field
was divided into plots. Each plot was laid out and pegs were placed where each
hole was to be dug. The holes were 3 cm deep and 3 cm wide. The land was di-
vided into three replicates of 690 m* with each replicate having 18 plots of 2 x 2

m. The plots were 1 m apart while the replicates blocks were 2 m apart.

2.5. Transplanting of Seedlings

Before transplanting, the seedlings were watered to enhance easy uprooting and
to reduce root damage. The seedlings were transplanted at a spacing of 75 x 40
cm. Seedlings were transplanted into the various plots at 7 weeks after germina-
tion in nursery. Twelve seedlings were transplanted per plot. Thirty-six (36)
seedlings were transplanted per treatment, making two hundred and sixteen
(216) seedlings per species and a total of 648 seedlings were transplanted for the
three pepper cultivars.

2.6. Fertilizer Application

Poultry manure was applied to the marked plots 7 days before transplanting of
the seedlings and incorporated to a soil depth of 15 cm and later covered with
top soil to allow for mineralization. NPK fertilizer was applied by ringing me-
thod and in two splits; the first application was two weeks after transplanting
(WAT) and the second during flowering [15].

The experiment consisted of six treatments (T, = No fertilizers (control plot),
T, = 250 Kg/ha NPK 20:10:10, T5 = 350 Kg/ha NPK 20:10:10, T4 = 450 Kg/ha
NPK 20:10:10, T5 = 20 Mg/ha poultry manure, T6 = 30 Mg/ha poultry). The ex-
periment was a Factorial experiment with three replications.

Weeds were controlled by using roundup herbicide before transplanting and
hand weeding was carried out regularly once a forthnight. The fruits were hand
harvested once every 2 weeks for 10 weeks from commencement of fruiting;

clipped from the plant above the calyx as they reach marketable size.

2.7. Data Collection and Analysis

The following growth and yield parameters were collected following the method
described in [16] and [17].

The plant height was measured from the base of the plant to the terminal
growing point of the main stem using a meter rule and expressed in centimetres
(cm) to the nearest 0.1. The collar diameter was measured with a veneer calliper

(Mitutoyo, Aurora, IL). Six (6) plants per plot were selected and the collar di-
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ameters were measured to the nearest 0.02 mm and the average determined. The
number of branches was determined by counting the number of branches on the
6 selected plants per subplot and the average number was recorded. The number
of fully opened leaves were counted for each plant and recorded. The length and
width of fully open leaves were recorded using a ruler and their average taken in
centimetres (cm). These values were used in calculating relative leaf area ac-
cording the equation RLA = 1/2 LW.

When flowering was noticed in three of six tagged plants, it was considered as
50 percent flowering and time taken at this stage was considered as days to 50
percent flowering. The number of flowers was determined by counting the num-
ber of flowers of the tagged plants in each treatment, summed up and mean rec-
orded.

2.8. Mean Fruits Weight per Plant (g)

One hundred freshly collected fruits for each species and treatments were col-
lected per harvest and weighed with an electronic balance (Ohaus Scout TM Pro)
to the nearest 0.1 g and recorded immediately after each harvest, before losing
weight and the average weight recorded to obtain mean fruit fresh weight per
plant [10].

The fruit yield per hectare was determined by extrapolating the fruit yield per
net plot.

Yield (Mg/ha) = Weight of harvestpepper g0 12 197 (1),
surface area of plot

The diameter of the fruits was measured at the middle with a veneer calliper.
The fruit length was measured from the tip to the bottom of the fruits using a
veneer caliper.

At the end of the experiment, six pepper plants from each treatment were
uprooted and washed with tap water repeatedly to remove all the soil particles.
The pepper plants were partitioned into roots, stems and leaves and their fresh
weights recorded with an electronic balance (Ohaus Scout TM Pro) to the near-
est 0.01 g. These were oven dried to constant weight at 70°C and the dry weight
recorded. Harvest index was calculated using the formula below:

Fruit yield <100 [18] ).

B Fruit yield + Vegetative yield

2.9. Macronutrient Analysis of Fruits of the Pepper Species

Fresh pepper fruits were harvested from the various species, washed to remove
any particles and dried in an air flow oven (Gallenhamp Hotbox) at 65°C for 48
hrs. Two-hundred grams (200 g) of dried pepper fruit for each species were sep-
arately milled with a blender, passed through a 0.5 mm sieve and sent to the In-
ternational Institute of Tropical Agriculture (IITA), Yaoundé for routine chem-
ical analysis.

Basic cations, Ca, Mg, K and Na were determined using atomic absorption
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spectrophotometer [19]. Phosphorus was read colorimetrically in a spectropho-
tometer at 382 nm. Total N was determined by wet acid digestion [20].

2.10. Extraction of Essential Oils from Fruits of the Two Pepper
Species

Fresh pepper fruits were harvested from the different species, washed to remove
any particles and dried in an air flow oven (Gallenhamp Hotbox) at 65°C for 72
hrs. The dried fruit samples were separately milled with a blender, passed
through a 0.5 mm sieve. One hundred grams (100 g) of the dried pepper fruits of
each species were package and coded and sent to the University of Fort Hare
Laboratory, South Africa for analysis of essential oils. The essential oils were ex-
tracted using steam distillation. In this method, the plant material (dried pepper
fruits) was placed in water and heated directly in a Clevenger type distillation
apparatus. The essential oils whose boiling points normally range up to 300°C
were distilled with steam and both were condensed and separated. The distilla-
tion is usually done at atmospheric pressure, although vacuum processes are
used if the oil is known to be subject to hydrolysis [21]. Analyses of essential oils
were determined by Gas chromatography-Mass spectrometer (GC-MS) as de-
scribed by [22]. Interpretation of mass spectroscopy was conducted using data
base of National Institute Standard and Technology (NIST) having more than
62,000 patterns. The spectrum of the unknown component was compared with

the spectrum of the known component stored in the NIST library [22].

2.11. Statistical Analysis

Data were tested for normality and homogeneity of variance. Data that were not
normally distributed were subjected to Johnson transformation. A GLM ANOVA
was conducted to test effects of NPK level, poultry manure and cultivars as well
as their interactions on height, collar diameter, number of leaves, relative leaf
area, number of branches per plant, days to flowering, number of flowers per
plant, mean fruits weight, fruit yield per hectare, and data on harvest indices,
were collected only at harvest, were subjected to GLM ANOVA. Data on disease
incidence was analyzed using Kruskal Wallis non-parametric ANOVA. All ana-
lyses were done using the Minitab statistical package (ver. 16, Minitab Inc., Bel-

lefonte, PA). Significant interactions were used to explain results.

3. Results
3.1. Soil and Poultry Manure Analysis

Result on soil analysis (Table 1) shows that the experimental site was relatively
acidic with a pH of 5.93. The physical analysis of the soil reveals that the soil was
clay loam in texture. The soil fertility was low, since nutrients were below the
soil fertility range (Table 1). Poultry manure had high level of nitrogen (1.1%)
and organic carbon (49.2%) (Table 1). It should therefore be expected that the

fertility status of the soil would benefit from poultry manure application.
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Table 1. Physico-chemical properties of soil and chemical properties of poultry manure
used in the study.

Physical properties of soil Soil Chen:fc;lh}[n:;:)erties fe:sr(;iiii:?'[r};ri(g)? .
Particle size - -
Sand (%) 17.39 - -
Silt (%) 17.39 - -
Clay (%) 65.22 - -
Soil texture Clay loam - -
Chemical properties
pH (H20) 5.93 7.2 5.0-5.7
Total N (%) 0.2 1.1 0.1-0.2
Av. P (mg/Kg) 10 0.6 4.0-29
CEC (cmol/Kg) 11.31 4291 5.0 - 15.0
K* (cmol/Kg) 0.27 0.7 0.12-0.3
Ca®* (cmol/Kg) 2.3 0.14 2.0-5.0
Mg** (cmol/Kg) 1.35 0.23 05-15
Organic carbon (%) 1.05 49.2 Not Available

* Source [23], PM = Poultry manure.

3.2. Effects of Inorganic and Organic Fertilizers on Growth
Patterns of Cultivated Pepper Cultivars

The growth pattern with respect to height showed that there was a sharp in-
crease in height in seedlings for Capsicum chinense cv. Safi treated with 20
Mg/ha poultry manure (Ts) at 8" week after application (Figure 1). Seedlings of
Capsicum chinense cv. Big Sun showed a sharp increase in height as from the 2™
and 4™ weeks from plants in the control plots (T;) and plants treated with 20
Mg/ha poultry manure (Ts) respectively. Seedlings of Capsicum frutescens (Bird
pepper) showed a sharp increase in height as from the 4 week after treated with
20 Mg/ha poultry manure (Ts) (Figure 1). Collar diameter growth pattern for all
two pepper cultivars showed a sharp increase as from the 4™ week after fertilizer
application (Figure 1).

Leaf number showed a sharp increase as from the 4® week of treatment for
Capsicum chinense cv. Big Sun and Capsicum frutescens except for plants in the
control plot (Figure 2). The growth pattern for relative leaf area (RLA) showed a
sharp increase as from the 4™ week for treated seedlings of Capsicum chinense
cv. Safi and Capsicum chinense cv. Big Sun treated with 20 Mg/ha poultry ma-
nure (Ts) and Capsicum frutescens treated with 450 Kg/ha NPK 20:10:10 (T.)
(Figure 2).
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Figure 1. Growth patterns for height and collar diameter of the three pepper cultivars
treated with inorganic and organic fertilizers. T1 = control (no application of fertilizers),
T> = 250 Kg/ha NPK 20:10:10, T; = 350 Kg/ha NPK 20:10:10, T: = 450 Kg/ha NPK
20:10:10, Ts = 20 Mg/ha PM, Ts = 30 Mg/ha PM.

3.3. Effect of Organic and Inorganic Fertilizers on Vegetative
Growth of Characteristics of Three Pepper Cultivars

Result from the study (Table 2) shows that fertilization resulted to increases in
some vegetative growth characteristics when compared to those in the control
plot. The tallest plants (39.04 cm) were observed in Capsicum chinense cv. Big
Sun treated with 20 Mg/ha poultry manure (Ts) and the shortest plants (15.84
cm) were observed in Capsicum frutescens plants treated with 450 Kg/ha NPK
(T4) (Table 2). The highest mean collar diameter (6.02 mm) was obtained in
Capsicum chinense cv. Big Sun plants treated with 30 Mg/ha poultry manure
(Ts) and the minimum mean collar diameter of 3.61 mm was observed in Cap-
sicum frutescens plants treated with 450 Kg/ha NPK (T,) (Table 2). The maxi-
mum number of leaves per plant of 99.0 was obtained in Capsicum frutescens
plants treated with 250 Kg/ha NPK (T,) while the minimum number of leaves
(19) was noted in Capsicum chinense cv. Safi plants treated with 250 Kg/ha NPK
(T,) (Table 2). The maximum relative leaf area (26.77 cm?) was found in Capsi-
cum chinense cv. Safi plants treated with 20 Mg/ha poultry manure (Ts) and the

minimum RLA (0.22 cm?) was in Capsicum frutescens plants treated
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Figure 2. Growth patterns of number of leaves and relative leaf area of the three pepper
cultivars treated with inorganic and organic fertilizers. T: = control (no application of fer-
tilizers), T> = 250 Kg/ha NPK 20:10:10, T5 = 350 Kg/ha NPK 20:10:10, Ts = 450 Kg/ha
NPK 20:10:10, Ts = 20 Mg/ha PM, Ts = 30 Mg/ha PM.

with 250 Kg/ha NPK (T;). The highest root/shoot ratio (1.27) was noted in Capsi-
cum frutescens plants treated with 250 Kg/ha NPK (T3) and the least root/shoot
ratio of 0.10 was noted in Capsicum chinense cv. Big Sun plants treated with 450
Kg/ha NPK (T,) (Table 2).

There were no significant differences (P > 0.05) across treatments with respect
to days to flowering and number of branches per plant. However, there were
significance differences in the number of flowers per plant for the three pepper
cultivars. The maximum days to flowering (31.08 days) was recorded in Capsi-
cum chinense cv. Safi plants in the control plots (T1) and the lowest days to flo-
wering of 26.42 days was in Capsicum chinense cv. Safi plants treated with 20
Mg/ha poultry manure (Ts). The highest mean number of branches (14) was ob-
served in Capsicum chinense cv. Safi plants treated with 20 Mg/ha poultry ma-
nure (Ts) and the lowest mean number of branches (9) was noticed in Capsicum
chinense cv. Big Sun plants in the control plots (T;) (Table 2). Plots on which
Capsicum frutescens plants were treated with 30 Mg/ha poultry manure (Ts) had
the highest mean number of flowers per plant of 91 flowers, and the lowest mean
number of flowers per plant of 31 flowers was recorded in Capsicum chinense
cv. Big Sun plants in the control plots (Table 2).
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Table 2. Effects of fertilizers and species on growth characteristics of the three pepper
cultivars.

Species (sp) T H (cm) (1?12) NL (1:;::) R/s NB DF NF

Capsicum chinense. Cv Safi

la T1 28.89%¢ 4.69%<df 26,119 20.32®¢ 0.26%" 10.75* 31.08* 30.88*
la T2 25.23bcde 4.58bcdel 18 634 19.078¢ 0.96® 11.75*° 30.42* 37.83*
la T3 24.74bde 4,320l 24 03¢ 1693 0.30% 11.33* 30.33* 41.96"
la T4 18.62%f 3.964 21.06° 21.86®¢ 0.19% 13.67*° 27.92* 58.13®
la T5 23.62¢def 52]abcde 3433bcd 26772 0.24%F 13.92* 30.00° 63.33
la T6 27.97%bcde 4.913bcde 33 86b<d  23.67%¢  0.67" 12.67° 26.42° 66.88%

Capsicum chinense cv. Big Sun

1b Tl 27.67%4  3.88f 18.91¢ 18.71%d 0.17¢f 9.42* 28.17*° 30.80°

1b T2 18.96%f 4.51bdef 22 68 20.32%¢ 1,08® 11.17*° 29.50° 41.08"
1b T3 25.10°d 4,33bcdef 38 79bed  14.584F (304 11.67° 27.75° 44.08*<
1b T4 17.54%F  4.08%f 23.92¢ 19.20°¢ 0.10¢" 14.25* 29.42% 46.83%¢
1b T5 39.04* 5.41%¢ 39.83%d 22.40%c 0.59> 13.17*° 28.50° 60.29%

1b T6 34.47®  6.02* 39.88¢ 24.91® 0.87" 13.83* 30.75° 61.63%F

Capsicum frutescens (Bird pepper)

2 Tl 36.80*° 4.34bf 72000 8950 0.25%f 11.75° 28.25° 56.96
2 T2 37.34* 5.16%¢ 98.90° 0.22¢ 1.27° 12.50* 28.17* 54.58%
2 T3 30.51%c 4310t 72,08® 948  0.35¢ 13.25° 27.75* 63.00%<
2 T4 15.84f 3.61f  31.64%¢ 11.89¢F 0.15f8 13.42° 27.92* 66.17%°
2 T5 29.45% 582%  9510° 16.42°% 0.29% 13.83* 28.17° 73.54%
2 T6 25.44bde 422l 39 64>d 10377  0.77" 12.17*° 27.25* 90.79¢

Turkey post-hoc HSD test at @ = 0.05. Means with the same letter within the column are
not statistically different. T = treatments, T1 = control (0 Kg/ha fertilizer), T» = 250 (Kg/ha)
NPK 20:10:10, T3 = 350 (Kg/ha) NPK 20:10:10, T4 = 450 (Kg/ha) NPK 20:10:10, Ts = 20
(t/ha) PM, Ts = 30 (t/ha) PM. CD = collar diameter, H = Plant height, NL = number of
leaves, RLA = Relative Leaf Area, R/s = Root/shoot ratio, DF = days to 50% flowering, NB
= number of branches per plant, NF = number of flowers per plant.

3.4. Effects of Inorganic and Organic Fertilizers on Yield and
Related Attributes of Cultivated Pepper Cultivars

Result from Table 3 shows that fertilizers have significant (P < 0.05) effect on
total fruit yield and its related attributes. Capsicum chinense cv. Big Sun had the
highest mean fresh fruit weight (54.4 g) when treated with poultry manure at 30
Mg/ha as well as the highest harvest index (0.78) while those treated with poultry
manure at 20 Mg/ha (Table 3). Capsicum chinense cv. Safi produced the highest
fresh fruit yield (33.63 Mg/ha) when 30 Mg/ha poultry manure was applied (Table
3). On the other hand, Capsicum frutescens produced the lowest mean fresh
fruit weight (26.1 g) as well as the lowest harvest index (0.51) and the lowest
fresh fruit yield (10.44 Mg/ha) in absence of any form of fertilizer (Table 3). The
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highest fruit diameter of 11.08 mm was observed in Capsicum chinense cv. Big
Sun plants treated with 30 Mg/ha poultry manure while the least fruit diameter
of 7.19 mm was noted in Capsicum frutescens plants in the control plots (Table
3). The longest fruits (18.39 mm) were obtained in Capsicum chinense cv. Big
Sun plants treated with 30 Mg/ha poultry manure and the shortest fruits of
11.21 mm were observed in Capsicum frutescens plants in the control plots

(Table 3).

3.5. Macro-Nutrient Contents of Fruits of the Studied Pepper
Species

Results from Table 4 shows that Capsicum frutescens fruits (Bird pepper) had

the highest concentration of Nitrogen (N), Phosphorus (P) and Potassium (K)

when compared to the other pepper cultivars. In case of Magnesium (Mg) and

Calcium (Ca) concentrations, the highest concentration was in Capsicum chi-

nense cv. Safi fruits and Capsicum chinense cv. Big Sun fruits respectively.

Table 3. Effects of fertilizers and species on fruit weight, harvest index, yield, fruit di-
ameter and fruit length of three pepper cultivars at time of harvest.

Fresh fruit yield Mean FD mean FL

cultivars  Treatments Mean fw (g) HI (Mg/ha) (mm) (mm)

la T1 34.9¢f 0.66°4 12.52Mh 7.74%% 13.60¢d
la T2 36.9¢de 0.58% 19.79%f8 9.53bd  15.15%bcde
la T3 47.8° 0.70%< 23.49 9.18«¢ 14.7713bcde
la T4 46.8° 0.71% 28.36%¢ 9.723bcd 15 ]3abede
la T5 48.6%° 0.78% 32.09* 10.05%4  15.9320d
la Té6 54.4% 0.672b<d 33.63* 10.74% 16.342b<d
1b T1 35.3df 0.71%b¢ 12.16M 7.67% 13.76bcde
1b T2 37.2cde 0.56¢ 20.624f 9.972bd  15.89bcd
1b T3 40.3¢ 0.65b<d 21.60%f 9.034f 15.50%0d
1b T4 38.6 0.75%® 25.5004 10.28%4  16.56%
1b T5 45.2° 0.584¢ 29.73% 10.50%¢ 17.70%<
1b Té6 46.5° 0.66°<4 32.99* 11.08* 18.39*

2 T1 26.18 0.51% 10.441 7.15% 11.21¢

2 T2 26.98 0.61c 15.038hi 9.49b<d 13.44bcde
2 T3 27.7¢ 0.60% 17.24fh 9.13¢de 12.934

2 T4 29.48 0.59% 18.94°% 10.19%<d 13 55bcde
2 T5 33.1f 0.63¢d 22.18%f 9.64b 13.19%

2 T6 33.1f 0.62cd 23.05%4f 10.3520d 17.71%®

Turkey post-hoc HSD test at @ = 0.05. Means with the same letter within the column are
not statistically different, T: = Control, T> = 250 Kg/ha NPK 20:10:10, Ts = 350 Kg/ha
NPK 20:10:10, T4 = 450 Kg/ha NPK, Ts = 20 Mg/ha poultry manure, Ts = 30 Mg/ha poul-
try manure, FD = fruit diameter, FL = fruit length, Spla = Capsicum chinense cv. Safi,
Splb = Capsicum chinense cv. Big Sun, Sp2 = Capsicum frutescens (Bird pepper).
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Table 4. Macro-nutrient concentration (%) of fruits of three pepper cultivars.

Pepper cultivars N% P% K% Mg% Ca%
Capsicum chinense cv. Safi 2.25 0.34 2.89 0.29 0.12
Capsicum chinense cv. Big Sun 2.09 0.31 3.03 0.16 0.19
Capsicum frutescens 2.39 0.42 3.06 0.22 0.17

3.6. Essential Oils from Fruits of the Three Pepper Cultivars

Figure 3 shows that there were 179 essential oils from pepper fruits of Capsicum
chinense cv. Safi. The main essential oils included alpha-pinene, cis-3-Hexenyllac-
tate, 2-pentyl-furan, isocytosine; 1,1,3-trimethyl-cyclohexane, (E)-12-Tetradecenal;
1,6-Octadiene, D-Limonene, Limonene, Benzene acetaldehyde; 3,7-dimethyl-1;
6-Octadien-3-ol; 1-Hexadecen-3-ol; 1-Cyclopentylethanol; (E)-2-Nonenal and
2H-pyran, based on their abundance. The major essential oil was Limonene,
which was more abundant with respect to the mass/charge ratio and retention
time as shown by the highest peaks.

Figure 4 shows that there were 208 essential oils identified from Capsicum chi-
nense cv. Big Sun fruits with Benzene acetaldehyde; 3,7-dimethyl-1; 6-Octadien-
3-ol; n-Amyl isovalerate; (E)-2-Nonenal; 3,4-dimethyl-Benzaldehyde; 2,6,6-tri-
methyl-1; 3-Cyclohexadiene-1-carboxaldehyde; Hexyl n-valerate; Neopentyliden
cyclohexane; alpha-ethylidene-Benzene acetaldehyde; 2,6-dimethyl-2; 6-Octa-
diene; Cyclohexane; alpha-Cubebene; Copaene; (E)-5-Undecene; Caryophyllene
oxide; and Cymene as the main essential oils with respect to abundance. The
major essential oil was 3,4-dimethyl-benzaldehyde, which has the highest abun-
dance with respect to the mass/charge ratio and retention time, as shown by the
highest peaks.

Figure 5 shows that there were 181 essential oils identified from Capsicum fru-
tescens fruits with 3,4,4-trimethyl-2-Pentene; Benzaldehyde; alpha-hydroxyl-Ben-
zene acetonitrile; alpha-Pinene; a-Terpinene; Benzaldehyde; 1,3,5-Trimethyl-1-H-
pyrazol-4-amine; cis-2-(2-Pentenyl) furan; 3-Decyne; 3-Hexadecyne; (E)-Octenal;
(E)-2-Tridecenal; (Z)-3-Tridecene; 2-[(1-methylethyl) thio]-Pentane; alpha-Phe-
llandrene; (E)-2-Nonenal; 1-Methoxyadamantane; a-Caryophyllene; and Tricyclo [4.
4. 0. 0. (2, 8)] decane as the main essential oils with respect to abundance. The major
essential oil was 1, 3, 5-Trimethl-1-H-pyrazol-4-amine, which has the highest abun-

dance with respect to the mass/charge ratio.

4. Discussion

The highest growth parameters: plant height, fruit length, diameter and weight
are obtained with poultry manure at different concentrations. This highlights the
fact that organic fertilizer optimizes plant growth more than inorganic fertilizers
in pepper like in other plants. In sweet pepper, it has been reported that, poultry
manure alone increased plant height, yield and yield component [24]. In the

same line, [25] have shown that the application of organic fertilizer affects the
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Figure 5. Chromatogram of essential oils extracted from pepper fruits of
Capsicum frutescens (Bird pepper).

growth of soybeans. The increase in growth with poultry manure might be due
to increase in nutrients supply that improved on the crop growth and the high
level of organic matter also enhances the physico-chemical properties of the soil.
Organic manures release nutrients slowly and are not easily leached producing a
long residual effect in the soil for better uptake of nutrients by plant which en-
hances growth and development. The humus content in organic fertilizers im-
proves on the water holding capacity of the soil and soil structure, thereby pro-
moting better root development and prevents desiccation of roots in the soil.
This is in line with the observation of [26] who worked on pepper and [27] on
tomato. The number of days to flowering of the pepper plants treated with ferti-
lizers was reduced but it was not significantly different from control. The same
findings have been shown by [28] who asserted the decline in the number of
days of flowering might be due to continued decomposition organic amendment
used. This might also be due to higher net assimilation rate due to supply of nu-
trients leading to production of gibberellins earlier in optimum level that enables
flower bud initiation.

The yield increased with increasing fertilizer rates. Organic manure produced
better yield than NPK fertilizer and control. This might be ascribed to increase
amount of nutrients supplied which might have led to increased formation of

plant metabolites that help in building the plant tissue. Poultry manure improves
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soil tilth and aeration, increase soil water holding capacity and stimulate the ac-
tivity of micro-organisms, which makes nutrients readily available in the soil for
plants uptake. All these might have accelerated the synthesis of carbohydrates
and its better translocation from source to sink and might have led to improve-
ment of yield. These results are in accordance to findings by [7] [15] [29] [30],
who reported significant increase in yield of pepper with increased in manure
rates.

There was variation in macro-nutrient contents and major essential oils in the
three pepper cultivars. This might be due to genetic make-up of the different
pepper cultivars. These results are consistent with findings by [31] [32], who re-
ported that essential oils might have different properties due to presence of dif-
ferent genes. Limonene, a-Caryophyllene and a-Pinene found in the fruits of
this plant are cytotoxic to cancer cells [33] [34]. Also, anti-bacteria properties of
Caryophyllene oxide, a-Terpinene and Cymene found in the fruit of these plants

has been reported in Dennettiatripetala fruit [35].

5. Conclusion

This study showed that 20 Mg/ha poultry manure is best for successful produc-
tion of pepper in Mount Cameroon Region of Cameroon. Capsicum frutescens
fruits (Bird pepper) were richest in macro-nutrient concentration and there were
variations in concentration of the main essential oils of all three pepper cultivars.
The fruits of the pepper cultivars were rich in essential oils, especially Alpha
Terpinene, Alpha Pinene, Alpha Caryophyllene, Limonene, Cymene, and Car-
vacrol, which have medicinal properties. We therefore recommend for small
scale farms of one hectare and less 20 Mg/ha of poultry manure should be used
while in large scale pepper fields 450 Kg/ha NPK fertilizer is good for optimum

productivity in the study area.

Contributions of Authors

Egbe Enow Andrew did the research concept, design, and the methods used in
the field and reviewed the manuscript, Nkeutcha Marietta Solange Soupi did the
supervision of field work and data collection, guided analysis and reviewed the
manuscript, Nkede Francis did the data collection, and prepared the draft ma-
nuscript. Pegalepo Angéle Ndogho, involved in data analysis and the drawing of

Tables and Figures and reviewed the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this
paper.

References

[1] Msofe, N.K.,, Sheng, L. and Lyimo, J. (2019) Land Use Change Trends and Their
Driving Forces in the Kilombero Valley Floodplain, Southeastern Tanzania. Sustai-

DOI: 10.4236/jacen.2023.122015

202 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2023.122015

A. E. Egbe etal.

(8]

(9]

[10]

(11]

[12]

(13]

(14]

(15]

(16]

(17]

nability, 11, Article No. 505. https://doi.org/10.3390/su11020505

Akhtar, A., Asghar, W. and Khalid, N. (2021) Phytochemical Constituents and Bio-
logical Properties of Domesticated Capsicum Species: A Review. Bioactive Com-
pounds in Health and Disease, 4, 201-225. https://doi.org/10.31989/bchd.v4i9.837

Olaniyi, J.O. and Ojetayo, A.E. (2010) The Effect of Organo-Mineral and Inorganic
Fertilizers on the Growth, Fruit Yield and Quality of Pepper (Capsicum frutescens).
Journal of Animal and Plant Sciences, 8, 1070-1076.

Saleh, B.K., Omer, A. and Teweldemedhin, B. (2018) Medicinal Uses and Health Ben-
efits of Chili Pepper (Capsicum spp.): A Review. MOJ Food Processing & Technology,
6, 325-328. https://doi.org/10.15406/mojfpt.2018.06.00183

FAO (2019) https://www.nationmaster.com/nmx/ranking/pepper-production-fao
Hunde, N.F. (2020) Yield Response and Nutrient Use Efficiencies of Hot Pepper
(Capsicum annuum L.) to Inorganic Fertilizers in Ethiopia: A Review Article. /n-
ternational Journal of Research in Agronomy, 3, 25-32.

Dauda, S.N., Ajayi, F.A. and Ndor, E. (2008) Growth and Yield of Water Melon
(Citrullus lanatus) as Affected by Poultry Manure Application. Journal of Agricul-
ture and Social Sciences, 4, 121-124.

Giines, A., Kege, Y.M. and Beyzi, E. (2023) The Effects of Using Organic and
Chemical Fertilizers on Yield and Yield Parameters in Different Pepper (Capsicum
annuum L.) Varieties. Gesunde Pflanzen.
https://doi.org/10.1007/s10343-022-00811-2

Egbe, E.A. and Tabot, P.T. (2011) Carbon Sequestration in Eight Woody Non Tim-
ber Species and Their Economic Potentials in the South Western Cameroon. Ap-

plied Ecology Environmental Resources, 9, 369-385.
https://doi.org/10.15666/aeer/0904 369385

Cable, S. and Cheek, M. (1998) The Plants of Mount Cameroon: A Conservative
Checklist. Royal Botanic Gardens, Kew, 198 p.

Bouyoucos, G.J. (1962) Hydrometer Method Improved for Making Particle Size
Analysis of Soil. Agronomy Journal, 53, 464-465.
https://doi.org/10.2134/agronj1962.00021962005400050028x

International Institute of Tropical Agriculture (IITA) (1982) Automated and
Semi-Automated Methods of Soil and Plant Analysis Manual, Series No. 7. IITA,
Ibadan.

Black, C.A. (1965) Methods of Soil Analysis Agronomy No. 9. Part 2. American So-
ciety of Agronomy, Madison. https://doi.org/10.2134/agronmonogr9.1

Tel, D.A. and Hargerty, M. (1984) Soil and Plant Analyses: Study Guide for Agri-
cultural Laboratory Directors and Technologists Working in Tropical Regions. In-
ternational Institute of Tropical Agriculture, Ibadan, 227.

Adesina, J.M., Sanni, K.O., Afolabi, L.A. and Eleduma, A.F. (2014) Effect of Varia-
ble Rate of Poultry Manure on the Growth and Yield of Pepper (Capsicum an-
nuum) in South Western Nigeria. Academia Arena, 6, 9-13.

Abayomi, Y.A., Aduloju, M.O., Egbewunmi, M.A. and Suleiman, B.O. (2012) Effects
of Soil Moisture Contents and Rates of NPK Fertilizer Application on Growth and
Fruit Yields of Pepper (Capsicum spp.) Genotypes. International Journal of AgriS-
cience, 2, 651-663.

Rosado-Souza, L., Scossa, F., Chaves, 1.S., Kleessen, S., Salvador, L.F. and Milagre,
J.C. (2015) Exploring Natural Variation of Photosynthetic, Primary Metabolism and
Growth Parameters in a Large Panel of Capsicum chinense Accessions. Planta, 242,

DOI: 10.4236/jacen.2023.122015

203 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2023.122015
https://doi.org/10.3390/su11020505
https://doi.org/10.31989/bchd.v4i9.837
https://doi.org/10.15406/mojfpt.2018.06.00183
https://www.nationmaster.com/nmx/ranking/pepper-production-fao
https://doi.org/10.1007/s10343-022-00811-2
https://doi.org/10.15666/aeer/0904_369385
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.2134/agronmonogr9.1

A. E. Egbe et al.

(18]

(19]

(20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

(28]

(29]

(30]

(31]

677-691. https://doi.org/10.1007/s00425-015-2332-2
Aleemullah, M., Haigh, A.M. and Holford, P. (2000) Anthesis, Anther Dehiscence,
Pistil Receptivity and Fruit Development in the Longum Group of Capsicum an-

nuum. Australian Journal of Experimental Agriculture, 40, 755-762.
https://doi.org/10.1071/EA99038

Zhang, Y.G., Xiao, M., Dong, Y.H. and Jiang, Y. (2012) Determination of Soil Ex-
changeable Base Cations by Using Atomic Absorption Spectrophotometer and Ex-
traction with Ammonium Acetate. Spectroscopy and Spectral Analysis, 32, 2242-2245.

Buondonno, A., Rashad, A.A. and Coppola, E. (1995) Comparing Tests for Soil Fertil-
ity. The Hydrogen Peroxide/Sulfuric Acid Treatment as an Alternative to the Cop-
per/Selenium Catalyzed Digestion Process for Routine Determination of Soil Nitro-
gen-Kjeldahl. Communications in Soil Science and Plant Analyses, 26, 1607-1619.
https://doi.org/10.1080/00103629509369394

Becker, H. (1998) Plant Secondary Metabolism. Kluwer Academic Publishers, Bos-
ton.

Soumaré, M., Demeyer, A., Tack, F. and Verloo, M. (2002) Nutrient Availability in
the Surface Horizons of Four Tropical Agricultural Soils in Mali. Tropicultura, 20,
58-63.

Snr, P.A.P., Kyere, C.G., Jnr, P.P., Oppong, E. and Twumasi, G. (2020) Effects of
Poultry Manure, NPK Fertilizer and Their Combination on the Growth and Yield of
Sweet Pepper. Asian Journal of Agricultural and Horticultural Research, 5, 14-22.
https://doi.org/10.9734/ajahr/2020/v5i130039

Egbe, E.A., Soupi, N.M.S., Awo, M.E. and Besong, G.A. (2022) Effects of Green Ma-
nure and Inorganic Fertilizers on the Growth, Yield and Yield Components of Soy-
bean (Glycine max (L.) Merr.) in the Mount Cameroon Region. American Journal of
Plant Sciences, 13, 702-721. https://doi.org/10.4236/ajps.2022.135047

Ikeh, A.O., Ndaeyo, N.U., Uduak, I.G., Iwo, G.A., Ugbe, L.A,, Udoh, E.L, et al
(2012) Growth and Yield Responses of Pepper (Capsicum frutescens L.) to Varied
Poultry Manure Rates in Uyo, Southeastern Nigeria. ARPN Journal of Agricultural
and Biological Science, 7, 735-742.

Abu-Zahra, T.R. (2012) Vegetative, Flowering and Yield of Sweet Pepper as Influenced
by Agricultural Practices. Middle East Journal of Scientific Research, 11, 1220-1225.
Berhe, D.T., Zergaw, Y. and Kebede, T. (2022) Organic Amendments: Direct Ap-
plication and Residual Effects on Vegetative and Reproductive Growth of Hot Pep-
per. The Scientific World Journal, 2022, Article ID: 2805004.
https://doi.org/10.2139/ssrn.4119320

Karanatsidi, G. and Berova, M. (2009) Effect of Organic-N Fertilizer on Growth and
Some Physiological Parameters in Pepper Plants (Capsicum annum L.). Biotech-
nology & Biotechnological Equipment, 23, 254-257.
https://doi.org/10.1080/13102818.2009.10818413

Ansa, J.E.O. and Woke, C. (2018) Effect of Spacing and Poultry Manure Rates on
Growth, Yield and Quality of Cayenne Pepper ( Capsicum frutescensL.) in Southern
Rain Forest of Nigeria. International Journal of Environment, Agriculture and Bio-
technology, 3, 1234 -1240. https://doi.org/10.22161/ijeab/3.4.13

Rios, J.L. (2016) Essential Oils: What They Are and How the Terms Are Used and
Defined. In: Essential Oils in Food Preservation, Flavor and Safety, Academic Press,
Cambridge, 3-10. https://doi.org/10.1016/B978-0-12-416641-7.00001-8

Bakkali, F., Averbeck, S., Averbeck, D. and Idaomar, M. (2008) Biological Effects of
Essential Oils—A Review. Food and Chemical Toxicology, 46, 446-475.

DOI: 10.4236/jacen.2023.122015

204 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2023.122015
https://doi.org/10.1007/s00425-015-2332-2
https://doi.org/10.1071/EA99038
https://doi.org/10.1080/00103629509369394
https://doi.org/10.9734/ajahr/2020/v5i130039
https://doi.org/10.4236/ajps.2022.135047
https://doi.org/10.2139/ssrn.4119320
https://doi.org/10.1080/13102818.2009.10818413
https://doi.org/10.22161/ijeab/3.4.13
https://doi.org/10.1016/B978-0-12-416641-7.00001-8

A. E. Egbe etal.

(32]

(33]

(34]

(35]

https://doi.org/10.1016/].fct.2007.09.106

Palazzo, M.C., Wright, H.L., Agius, B.R., Wright, B.S., Moriarity, D.M., Haber,
W.A,, et al (2009) Chemical Compositions and Biological Activities of Leaf Essential
Oils of Six Species of Annonaceae from Monteverde, Costa Rica. Records of Natural
Products, 3, 153-160.

Galvédo, A.F., Aratjo, M.D.S,, Silva, V.R,, Santos, L.D.S., Dias, R.B., Rocha, C.A.G,,
et al. (2022) Antitumor Effect of Guatteria olivacea RE Fr. (Annonaceae) Leaf Es-
sential Oil in Liver Cancer. Molecules, 27, Article No. 4407.
https://doi.org/10.3390/molecules27144407

Okoh, S.0., Iweriegbor, B.C., Okoh, O.0., Nwodo, U.U. and Okoh, A. (2016) Bacte-
ricidal and Antioxidant Properties of Essential Oils from the Fruits Dennettia tripe-
tala G. Baker. BMC Complementary and Alternative Medicine, 16, Article No. 486.
https://doi.org/10.1186/s12906-016-1459-4

Okoh, S.0., Iweriegbor, B.C., Okoh, O.0., Nwodo, U.U. and Okoh, A. (2016) Bacte-
ricidal and Antioxidant Properties of Essential Oils from the Fruits Dennettiatripe-
tala G. Baker. BMC Complementary and Alternative Medicine, 16, 1-12.

https://doi.org/10.1186/s12906-016-1459-4

DOI: 10.4236/jacen.2023.122015

205 Journal of Agricultural Chemistry and Environment


https://doi.org/10.4236/jacen.2023.122015
https://doi.org/10.1016/j.fct.2007.09.106
https://doi.org/10.3390/molecules27144407
https://doi.org/10.1186/s12906-016-1459-4
https://doi.org/10.1186/s12906-016-1459-4

	Growth, Yield and Yield Characteristics of Three Pepper Cultivars to Fertilizers Application in the Mount Cameroon Region
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Study Area
	2.2. Treatments and Experimental Design
	2.3. Soil and Poultry Manure Analysis
	2.4. Land Preparation and Transplanting of Seedling
	2.5. Transplanting of Seedlings
	2.6. Fertilizer Application
	2.7. Data Collection and Analysis 
	2.8. Mean Fruits Weight per Plant (g)
	2.9. Macronutrient Analysis of Fruits of the Pepper Species
	2.10. Extraction of Essential Oils from Fruits of the Two Pepper Species
	2.11. Statistical Analysis

	3. Results 
	3.1. Soil and Poultry Manure Analysis
	3.2. Effects of Inorganic and Organic Fertilizers on Growth Patterns of Cultivated Pepper Cultivars
	3.3. Effect of Organic and Inorganic Fertilizers on Vegetative Growth of Characteristics of Three Pepper Cultivars
	3.4. Effects of Inorganic and Organic Fertilizers on Yield and Related Attributes of Cultivated Pepper Cultivars
	3.5. Macro-Nutrient Contents of Fruits of the Studied Pepper Species
	3.6. Essential Oils from Fruits of the Three Pepper Cultivars

	4. Discussion
	5. Conclusion 
	Contributions of Authors
	Conflicts of Interest
	References

