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Abstract 

Purpose: A study was carried out during the 2021 dry season and 2022 rainy season to evaluate the differences in the 

performance, fruit longevity, mineral, and vitamin C compositions of two varieties of pepper (Capsicum chinense) 

cultivated using different organic amendments and inorganic fertilizer as a check. Poultry manure (PM), Tithonia di-

versifolia (TD), cattle manure (CM), inorganic fertilizer (NPK 15:15:15), and the control (CTRL) were used as treat-

ments.  

Method: Organic amendments were applied at a rate of 20 t ha-1, while NPK was applied at a rate of 180 kg ha-1. The 

experiment was a 2 x 2 x 5 factorial with three replications laid out in a Randomised Complete Block Design. Vegeta-

tive, yield, and quality parameters were collected. 

Results: Results show that Caribbean red produced higher values for vegetative parameters, yield, and longer shelf life 

in season 1. In a similar vein, mineral compositions (Cu, Ca, and Mg) of the Caribbean red variety were found to be 

higher than that of the Efia variety. Results also indicated that the use of poultry manure was found to improve the 

vegetative parameters, increased the number of days to fruit shrinkage, and increased the Ca, Cu, Mg, and vitamin C 

content.  

Conclusion: This study, therefore, concludes that the use of the Caribbean red variety cultivated during the dry season 

(season 1) under the application of poultry manure will give the best vegetative performance, longer shelf life, and 

improved fruit minerals and vitamin C contents. 
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Introduction  

 

Peppers, which include both hot and sweet varieties, are 

an important food crop that originated in the Americas 

and belong to the Solanaceae family (Bouchard 2017). 

Peppers (Capsicum spp.) are highly valued for having 

antioxidants, which may provide health advantages and 

protection against various diseases (Arimboor et al. 

2014). The genus Capsicum contains roughly 31 types, 

of which the major five cultivated types are C.annuum 

(spicy and sweet pepper), C. baccatum (Aji), C. 

chinense (hot pepper, also known as Habanero pepper), 

C. frutescens (finger pepper), and C. pubescens Ruiz 

and Pav. (rocoto) (Bosland 1996). C. annuum, C. 

chinense, and C. frutescens are the most widely grown 
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in both tropical and temperate climates (Grubben and 

Denton 2004). C. chinense is one of the five domesticat-

ed species that thrives well in most parts of Nigeria and 

is used as a spice for coloring and flavoring a variety of 

dishes while providing essential vitamins and minerals 

(Dipeolu and Akinbode 2008). 

Worthington (2001) determined that organic crops had 

significantly higher levels of vitamin C, phosphorus, 

magnesium, and iron, lower levels of heavy metals, 

fewer nitrates, and significantly less protein, but of bet-

ter quality, when compared to conventional crops. Fruits 

of Capsicum species or peppers have high amounts of 

vitamin C (ascorbic acid) (Teodoro et al. 2013) The 

vitamin C and minerals in capsicum fruits are abundant 

(Park et al. 2006). These nutritional components are 

crucial for keeping a healthy body (Koyuncu et al. 

2020). 

Most farmland in the tropics has poor soil because it has 

been farmed continuously for so long without a fallow 

phase to allow for the restoration of lost fertility. Utiliz-

ing both organic and inorganic fertilizers is the best way 

to overcome the threat of food insecurity that may result 

from poor soil. Many studies (Adeyeye et al. 2019), 

showed the superiority of organic manure over inorganic 

fertilizers in soil management and sustainable vegetable 

production. While organic fertilizer is known as natural 

fertilizer, inorganic fertilizer is known as chemical or 

synthetic fertilizer, and these are the two most common 

fertilizers commonly applied to the soil. 

Bhandari et al (2002) reported that organic matter con-

tent in organic manure increases the values of nitrogen, 

phosphorus, potassium, and main cations in the soil and 

thus allows plants to use the nutrients for a long time 

due to the slow rate of decomposition and reduces the 

loss of those that are not utilized by the plants. This has 

also been demonstrated by several researchers that, the 

use of organic inputs such as crop residues, manures, 

and compost has great potential for improving soil pro-

ductivity and crop yield through the improvement of the 

physical, chemical and microbiological properties of the 

soil as well as nutrient supply (Zhang et al. 2016; Li et 

al. 2016; Akintola et al. 2021). 

Cow dung is a natural, organic fertilizer produced by 

bovine animals, containing no trace of synthetic chemi-

cals. It is rich in nutrients that are beneficial for plant 

growth, including increased soil pH, carbon, nitrogen, 

phosphorus, calcium, potassium, and sodium (Binoy et 

al. 2004). Study by Ekwealor et al. (2020) found that 

cow dung can be used to enhance the growth, producti-

vity and yield of tomato in low nutrient soil at the rate of 

20 kg/ha. Poultry manure is a cost-effective and envi-

ronmentally friendly way to keep soil fertility high. It is 

easily accessible and provides essential nutrients to help 

soil retain its fertility. Poultry manure are the most 

widely-used sources of organic nutrients, and have been 

proven to be an effective source of nutrients for tomato 

cultivation (Adediran et al. 2003). The use of poultry 

manure for soil fertility and crop improvement has been 

extensively documented (Adekiya 2019). This is due to 

the fact that poultry manure helps in enhancing soil 

properties, such as increasing the organic matter content 

and cation exchange capacity (CEC) of the soil. The 

Mexican sunflower (Tithonia diversifolia) belongs to the 

family Asteraceae and grows luxuriantly in humid and 

sub-humid tropics, particularly in southwest Nigeria, 

where it is found along roads and fallow lands (Sonke 

1997). A study conducted by Jama et al. (2000) found 

that Tithonia has a high concentration of nitrogen (N), 

phosphorus (P), and potassium (K). 

Due to the increase in the price of inorganic fertilizer 

and its scarcity, farmers are discouraged in its purchase 

and use. Therefore, there is a need to use other means of 

supplying nutrients required by plants that are cheaply 

available to enhance pepper production. Numerous stud-

ies have examined how pepper growth and yield respond 

to both organic and inorganic fertilizers (Moneruzzaman 

et al. 2017). Presently, little research has been conducted 

on how the fruit shelf life, minerals, and vitamin C com-

positions in pepper are influenced by the combination of 

seasons and different soil amendments.  
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Therefore, the study was conducted to determine the 

performance, fruit longevity, minerals, and vitamin C 

compositions of two varieties of C. chinense using or-

ganic and inorganic amendments at different seasons. 

 

Materials and methods 

 

Description of the experimental sites 

 

The experiments were conducted during the 2021 dry 

season and 2022 rainy season at the Teaching and Re-

search Farm of Landmark University, Omu-Aran, Kwara 

State with geographical coordinates of latitude 8° 8' 0" 

North and longitude 5° 6' 0" East in the transitional rain-

forest located at an elevation of about 555.85 m above 

sea level. It has an annual rainfall ranging between 800 

mm and 1, 200 mm and an annual average temperature 

of 24.9 °C with a distinct wet and dry season from April 

to October and November to April respectively. 

The experimental sites had been cultivated and left fal-

low for more than five years, with itch grass (Rottboellia 

cochinchinensis (Lour) Claton), goosegrass (Eleusine 

indica (L.) Gaertn), sour millet (Echinochloa colona (L.) 

Link), milkweed (Euphorbia heterophylla L) and goat 

weed (Ageratum conyzoides L.) being the dominant 

weeds. 

 

Soil sampling and analysis 

 
Soil samples were collected randomly from the experi-

mental area before land preparation using a soil auger at 

0 – 15 cm depth and bulked together to form a compo-

site sample. The composite soil sample was taken to the 

University Crop and Soil Science Laboratory for routine 

analysis. Similarly, poultry manure, cattle manure, and 

fresh T. diversifolia leaves were collected from the 

Teaching and Research Farm of Landmark University, 

Omu-Aran and taken to the laboratory for analysis of 

their nutritional composition. 

 

Land preparation 

 
The experimental site was cleared of all existing vegeta-

tion, and the soil was thoroughly pulverized with a disc 

plough and a disc harrow. Thereafter, the field layout 

was carried out to mark out the appropriate number of 

treatments per plot. The total land area for each season 

experiment was 126.50 m2 , divided into 10 treatments 

per plot and replicated three times. A raised bed was 

made representing a plot. Each plot measured 2 m × 2 

m, with a 0.5 m borderline in between each replicate and 

0.5 m apart to differentiate the treatment plots. 

 

Application of amendments 

 
Cured organic manures (cattle dung and poultry manure) 

and fresh T. diversifolia were incorporated into the soil 

immediately after land preparation at a depth of about 5 

cm using a hand held hoe. Each of the amendments were 

applied at the rate of 20 t ha-1, two weeks before trans-

planting for mineralization to take place. According to 

(Abegunrin et al. 2016), the development of tomato 

plants was significantly influenced by the application of 

cattle manure at a rate of 20 t ha-1. The results of the 

study conducted by Onyegbule et al. (2018) showed that 

the highest growth and output of tomato crops might be 

achieved with 20 t ha-1 of poultry manure. Similarly, 180 

kg NPK ha-1 of inorganic fertilizer (N-P-K: 15-15-15) 

was applied to the assigned plots two weeks after trans-

planting using the side placement method.  

 

Experimental design 

 
The experiment was a 2 x 2 x 5 factorial arranged in a 

Randomized Complete Block Design with three replica-

tions. Two varieties of C. chinense (Efia and Caribbean 

red), two seasons (dry season and rainy season), and five 

different types of soil amendments (poultry manure, 

cattle manure, Tithonian leaves, NPK, and the control) 

were used for the study. The dry season study started in 

November 2021 while that of the rainy season started in 

March 2022. 
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Seed sowing, transplanting and irrigation during the 

dry season 

 

The seeds were sown in a shaded and enclosed nursery 

for 6 weeks, using a germination tray and sterile soil as 

the growing medium. During the two seasons, four 

healthy seedlings were transplanted per bed at 30 x 60 

cm intra and inter-row spacing and were watered until 

they stabilized.  

During the dry season (November 2021 – February 

2022) field establishment, water was applied to the plots 

immediately after the incorporation of various organic 

amendments and after seedlings transplanting. This is to 

ensure proper crop establishment, mineralization of 

applied organic amendments, and provision of water 

requirements for crop growth and development. Irriga-

tion water was applied to field capacity averaging about 

10 L/1 m2 plot through surface irrigation at intervals of 

four days. The water run-offs were prevented by slightly 

raising the edges of the beds. The quantity of irrigation 

water applied for an effective rooting zone depth of 0.31 

m and wetting diameter of 41.67 m km-1 was based on 

the water requirements of capsicum (Ertek et al. 2007). 

 

Varieties used and their characteristics 

 

Efia F1 hybrid and Caribbean red seeds were used for 

this experiment. The seeds were bought from AFRI-

AGRI products, a reputable agro-allied store in Lagos, 

Nigeria. 

 

Data collection 

 

Data were collected on plant height, number of leaves, 

number of primary and secondary branches, number of 

fruits, Fruit weight/plot (Fruit yield), fruit pericarp 

thickness, moisture content, shelf life, mineral (Ca, Cu, 

Zn, and Mg), and vitamin C composition of the fruits. 

 

 

Procedure for the determination of shelf life and min-

eral compositions of pepper fruit  

 

The shelf life of sampled fruits was determined when 

more than 50% of the fruits symptomatically displayed 

shrinkage or sunken lesions (Rao et al. 2011). The com-

positions of copper (Cu), zinc (Zn), Ca (Calcium), and 

Mg (Magnesium) were determined using the Atomic 

Absorption Spectrophotometer (AAS Model SP9) as 

described by AOAC (2006). 

 

Procedure for the determination of ascorbic acid in 

pepper fruit  

 

The determination of ascorbic acid in the fruit of C. 

chinense was carried out using the Spectrophotometric 

method according to Klein and Perry (1982). The juice 

sample was extracted for 45 minutes at room temperature 

(29°C) with 10 mL of 1% metaphosphoric acid and the 

extract was then strained through Whatman No. 4 filter 

paper. One milliliter of the extract was mixed with nine 

milliliters of 2, 6-dichlorophenolindophenol, and the 

absorbance at 515 nm was measured within 30 minutes 

against a blank solution. The ascorbic acid content was 

calculated using a genuine L-ascorbic acid calibration 

curve. The tests were performed in triplicate, and the 

findings were represented as ppm of ascorbic acid per 

100 mL of the sample as the mean value and standard 

deviation. 

 

Procedure for the determination of fruit moisture 

content 

 

To evaluate the moisture content (MC) of the fruits, fresh 

pepper fruits were weighed, longitudinally incised, then 

put in a Brabender moisture tester Model MT-E drying 

chamber (Brabender® GmbH & Co., Duisburg, Germa-

ny). After the pods had been exposed to 105°C for 24 

hours, the MC was calculated as described by AOAC 

(2006). The moisture content of fresh pepper fruit was 

calculated using the following formula: 
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Moisture content =  
𝐴−𝐵

𝐴
 x 100 

Where A is the initial weight of fruits (g), and B is the 

final weight of fruits at every weight (g). 

 

Statistical Analysis 

 
The data collected were subjected to analysis of variance 

(ANOVA) using GENSTAT Discovery Software, Edi-

tion 4 (2014). Differences between significant means 

were separated using Duncan multiple range test at a 

0.05 level of probability. The relationship between yield 

and seasonal differences was determined using the Pear-

son’s correlation coefficient at 0.01 level of significance. 

Results and discussion 

 

Initial soil properties 

 

The initial physical and chemical properties of the ex-

perimental soil for the two seasons are shown in Table 

1. The soil was a sandy loam texture, with a pH of 5.3 

and 5.2 for both the dry and rainy seasons respectively, 

and it was at the threshold for organic content. The avai-

lable phosphorus and nitrogen were relatively low while 

the exchangeable K, Ca, and Mg were low to moderate 

but not adequate.  

 

Table 1 Physical and chemical properties of the initial soil used for the experiment during the dry and rainy seasons 

Parameter Dry Rainy Parameter Dry Rainy 

Sand (%) 76 78 Organic matter (%) 2.04 2.07 

Silt (%) 12.5 12 K (mg/kg) 0.13 0.13 

Clay (%) 11.5 10 Ca (mg/kg) 2.00 1.95 

Textural class Sandy loam Sandy loam Mg (mg/kg) 0.32 0.33 

pH (H2O) 1:1 5.30 5.20 Available P (mg/kg) 9.15 9.12 

Total nitrogen (%) 0.107 0.102 Zn (mg/kg) 0.41 0.35 

 

Meteorological data of the experimental site during 

the first and second season of the study 

 

The meteorological data for the periods of the experi-

ment is shown in Table 2. The average rainfall and rela-

tive humidity were greater during the rainy season than 

the dry season, while the average temperature was higher 

in the dry season than the rainy season.  

 

Table 2 Meteorological data of the study area 

Parameters            Dry season    

Nov.2021 – Feb. 2022 

        Rainy season 

 Mar. 2022 – June 2022 

 

Nov Dec Jan Feb Average  Mar April May June Average 

Rainfall  

(mm) 
19.6 0 0 12.19 7.95 

 
157.7 96.3 214.9 228.6 174.38 

Relative 

humidity 

 (%) 

76.4 47.1 34.3 63.7 55.38 

 

78.8 85.2 87.5 90.2 85.43 

Mean Temp 

(oC) 
28.3 29.2 29.1 27.7 28.58 

 
24.8 25.9 23.6 22.2 24.13 

Source: Meteorological unit, Teaching and Research Farm, Landmark University, Omu-Aran, Kwara State, Nigeria 
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Chemical composition of the organic amendments 

used for the study 

 
The results of the laboratory analyses of the organic 

amendments used for the study are shown in Table 3. 

The results showed that all the amendments contained 

varying values of macro and micronutrients required for 

improved soil fertility and plant growth. Poultry manure 

had higher values for nitrogen, phosphorus, potassium, 

Calcium, Magnesium, and zinc but lower value for C:N. 

 

Table 3 Chemical composition of the organic amendments used for the study 

Parameters Cattle manure Poultry manure Tithonia diversifolia 

Organic carbon (%) 25.70a 22.40b 14.65c 

Nitrogen (%)   1.84b   2.70a   1.70b 

Phosphorus (%)   0.82b   1.29a   0.80b 

Potassium (%)   1.98b   3.62a   2.98b 

Calcium (%)   0.99b   3.33a   3.30a 

Magnesium (%)   0.54a   0.60a   0.13b 

Zinc (%)   0.10b   0.20a   0.03c 

C:N 14.78a   8.29b   8.62b 

Values followed by the same letters within the same row are not significantly different at p = 0.05 according to Duncan's multiple 

range test. 

 

Effects of seasons, organic amendments, and NPK 

fertilizer on plant height and  number of leaves of 

the two varieties of C. chinense 

 

Caribbean red had a significant increase in plant height 

when compared to the Efia variety (Table 4). The effect 

of the seasons shows that season 2 significantly in-

creased the plant height. Plant height increased signifi-

cantly with the application of poultry manure though the 

value was statistically similar to the values obtained 

when T. diversifolia, cattle manure, and NPK were ap-

plied. The control showed a significant reduction in 

plant height except at 6 WAT, where the values were 

similar to other treatments. The ANOVA response re-

vealed that the effects of varieties and seasons were 

significant at all sampling periods except on a variety at 

10 WAT. Interaction between varieties and seasons was 

only significant at 8 and 10 WAT. Caribbean red pro-

duced more leaves, though not significant at 8 and 10 

WAT. The effect of seasons also revealed that season 2 

significantly increased the number of leaves. The appli-

cation of amendment showed that poultry manure great-

ly enhanced the number of plant leaves, followed by 

NPK, cattle manure, and T. diversifolia. Poultry manure 

increased the number of leaves significantly, followed 

by NPK, cattle manure, and T. diversifolia with the 

control having the fewest leaves. The ANOVA response 

revealed that the effects of all the treatments were signif-

icant at all sampling periods except on variety where the 

ANOVA response was only significant at 6 WAT. The 

interaction was only significant between varieties and 

seasons at 6 WAT. This study found that the vegetative 

performance of C. chinense varieties was a reliable 

predictor of plant phenology and total output. Vegetative 

parameters of C. chinense varieties differ due to their 

physiological processes which may be controlled by the 

synergistic and/or interaction between the environment 

and their genetic make-up. Increased vegetative perfor-

mance in season 2 as compared to season 1 could be 

ascribed to adequate and favorable environmental condi-

tions in season 2, which was suitable for vegetative 

growth. A similar result was by Idowu-Agida et al. 

(2010) where they found that seasonal variability affects 

the performance of Cayenne pepper.  
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This variety's differential performance might be linked to 

genetic diversity, adaptability, morphological traits, and 

physiological conditions throughout crop growth stages. 

Similar results were found by Bergefurd et al. (2011) 

where the authors found that variations in responses by 

diverse varieties may be linked to alterations in the ge-

netic components of the variety and varying environmen-

tal situations. 

The application of various organic and inorganic fertiliz-

ers enhanced vegetative growth of C. chinense. In both 

seasons, values obtained for plant height in the control 

plot were lower compared to other treatments. In contrast 

to the Efia variety, the Caribbean red variety produced 

more primary and secondary branches. 

 

Table 4 Effects of seasons, organic amendments, and NPK fertilizer on plant height and number  of leaves of the two 

varieties of C. chinense 

                                                  Plant height                                              Number of leaves 

Treatment 6 WAT 8 WAT 10 WAT 6 WAT 8 WAT 10 WAT 

Varieties 

Efia 20.74b 30.79b 38.32a 30.90b 51.50a 71.61a 

Caribbean red 22.90a 33.99a 40.77a 34.72a 53.32a 71.85a 

Seasons 

S1 (Dry) 16.58b 29.20b 37.39b 29.61b 45.74b 65.68b 

S2 (Rainy) 24.98a 34.79a 41.23a 35.37a 56.20a 74.69a 

Amendments 

Poultry manure 24.65a 36.80a 42.61a 37.93a 60.39a 83.33a 

Tithonia diversifolia 22.17ab 31.74b 38.67b 33.33b 51.30b 71.02b 

Cattle manure 21.94ab 33.92ab 40.85ab 33.87ab 53.19b 71.41b 

NPK 21.89ab 33.39b 41.80ab 33.93ab 53.70b 72.54b 

Control 20.27b 28.79c 35.83c 28.19c 45.00c 60.13c 

Anova Response 

Variety 0.021 0.007 0.121 0.020 0.506 0.994 

Season 0.000 0.000 0.006 0.000 0.000 0.001 

Amendment 0.025 0.000 0.001 0.000 0.000 0.000 

Interaction 

V*S 0.056 0.001 0.007 0.003 0.604 0.946 

S*A 0.983 0.997 0.675 0.502 0.360 0.017 

V*A 0.346 0.566 0.072 0.659 0.177 0.572 

V*A*S 1.000 0.978 0.969 0.994 0.998 0.998 

Means in a column followed by the same letter(s) are not significantly (P ≤0.05) different according to DMRT. WAT = Weeks after 

transplanting, V = variety, S = season, A = amendment 

 
Effects of seasons, organic amendments, and NPK 

fertilizer on the number of Primary and secondary 

branches of the two varieties of C. chinense 

 

A higher number of primary branches were produced in 

the Caribbean red variety though the value was not sig-

nificant when compared with the Efia variety (Table 5). 

Seasons had no influence on the number of primary 

branches except at 6 WAT with season 2 having higher 
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values for the number of primary branches. The effects 

of the application of amendments revealed that the num-

ber of primary branches at 4 WAT did not differ signifi-

cantly. However, at 6, 8, and 10 WAT, the application 

of poultry manure significantly enhanced the number of 

primary branches that was comparable to the values 

observed when NPK was treated. When compared to 

other treatments, the control treatment provided the least 

significant value for the number of primary branches. 

The effect of season was significant on the number of 

branches at 6 WAT whereas the impact of the amend-

ment on the number of branches was significant at 6, 8, 

and 10 WAT as indicated in the ANOVA response. 

None of the interactions was significant. The main and 

interaction effects of seasons, organic amendments, and 

NPK fertilizer on the number of secondary branches of 

the two varieties of C. chinense are shown in Table 4. At 

all weeks after transplanting, the effects of variety on the 

number of secondary branches were only significant at 6 

WAT. Seasonal effects showed that the number of sec-

ondary branches on the plants increased significantly 

during season 2. The application of NPK significantly 

increased the number of secondary branches at 6 WAT, 

though the value was statistically similar to the value 

obtained with the application of poultry manure. At 8 

and 10 WAT, treatments with poultry manure increased 

the number of secondary branches, followed by NPK, T. 

diversifolia, and cattle manure. Values obtained from 

the control plots showed a significant reduction in the 

number of secondary branches. The ANOVA response 

revealed that the effects of seasons and amendments 

were significant at all weeks after transplanting. Similar-

ly, varieties were significant only at 6 WAT. Interaction 

between varieties and seasons was only significant at 6 

WAT. 

 
Effects of seasons, organic amendments, and NPK 

fertilizer on the yield of the two varieties of C. 

chinense 

 
The analysis of variance revealed that there was no 

significant (p<0.001) interaction effect of the treatments 

on the number and weight of fruits (Table 6). A higher 

number and weight of fruits were observed with the 

Caribbean red though not significant when compared 

with the Efia variety. The effect of seasons (rainfall, 

humidity and temperature) on the number and weight of 

fruits was significant, with season 1 having a much 

larger number and weight of fruits. A higher number and 

fruit weight were observed with the application of poul-

try manure though not significant on fresh fruit weight. 

The least value for the two parameters was recorded in 

the control plots. The effect of seasons and amendments 

was significant on the number and weight of fruits as 

indicated in the ANOVA response. The interaction was 

not significant. 

There were variations in the total fruit yield between the 

two varieties. The increased number of branches in-

creased the ability of pods bearing buds, and leaf area, 

which greatly increases photosynthetic capacity and 

assimilates partitioning to the pods. These factors may 

be attributed to the higher fruit yield of the Caribbean 

red variety.  

Vegetative growth has a beneficial influence on hot 

pepper yield and yield components, according to God-

frey-Sam-Aggrey and Bereke-Tsehai (2013) findings. 

Benson et al. (2013), discovered that secondary branch-

es serve as the sites of fruit buds and the starting points 

for the creation of new fruit buds for bell pepper. The 

varietal difference in yield could also be that Caribbean 

red had higher nutrient utilization efficiency than the 

Efia variety (Abdelhamid et al. 2020). The inherent 

physiological and morphological features of fruits are 

some of the factors that determine fruit growth, devel-

opment, and maturation. The yield increase in the Car-

ibbean red variety might be as a result of optimum and 

adequate environmental factors. Chatterjee and Mahanta 

(2013) discovered that the development and production 

of broccoli are positively influenced by the presence of 

ideal temperature, humidity, and light intensity. The 

decline in yield caused by the seasons could be that the 

Efia variety is sensitive to varying temperatures and heat 

stress. 
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Table 5 Effects of seasons, organic amendments, and NPK fertilizer on the number of primary  and secondary branches 

of the two varieties of C. chinense 

                                                           Number of primary branches                    Number of secondary branches 

Treatment        6 WAT 8 WAT 10 WAT 6 WAT 8 WAT 10 WAT 

Varieties 

Efia 3.19a 3.49a 3.62a 1.58b 7.28a 10.80a 

Caribbean red 3.30a 3.88a 3.97a 2.09a 7.600a 11.32a 

Seasons 

S1 (Dry) 2.41b 4.08a 4.04a 1.24b 5.41b 7.92b 

S2 (Rainy) 3.69a 3.73a 3.86a 2.26a 8.533a 12.76a 

Amendments 

Poultry manure 3.83a 4.32a 4.32a 2.19ab 8.69a 13.11a 

Tithonia diversifolia 3.33b 3.89ab 4.04ab 2.00b 7.556c 11.44bc 

Cattle manure 2.94b 3.46ab 3.58b 1.48c 7.13c 10.63c 

NPK 3.54ab 4.28a 4.30a 2.56a 8.30ab 12.63ab 

Control 2.27c 2.60c 2.77c 1.37c 5.80d 7.91d 

ANOVA Response 

Variety 0.880 0.917 0.763 0.008 0.66 0.49 

Season 0.000 0.278 0.631 0.000 0.000 0.000 

Amendment 0.005 0.004 0.003 0.000 0.000 0.000 

Interaction 

V*S 0.859 0.815 0.958 0.000 0.189 0.048 

S*A 0.533 0.991 0.971 0.790 0.584 0.559 

V*A 0.486 0.819 0.618 0.730 0.816 0.532 

V*A*S 1.000 1.000 1.000 0.989 1.000 0.999 

Means in a column followed by the same letter (s) are not significantly (P ≤0.05) different according to DMRT. WAT = Weeks after 

transplanting, V = variety, S = season, A = amendment 

 

The results of this study are comparable to those of 

Erickson and Markhart (2001) where they observed that 

plant growth and development were influenced by culti-

vation and different seasons. The reduction in the yield 

of Efia variety could be attributed to the environmental 

stress during blooming and fruit set, which resulted in 

blossoms and flower abortion. High temperatures reduce 

fruit set and, as a result, yield in sweet pepper. The 

sweet pepper needs a temperature between 20 and 25°C 

to thrive and produce at its best. Temperature above 

32°C or below 15°C negatively affected the growth and 

yield of sweet pepper (Saha et al. 1970). The study also 

revealed that during the season 1 trial, yield increased 

significantly as compared to the season 2 trial. This 

could be attributed to the onset of flowering of the two 

varieties, which coincided with favorable environmental 

conditions and subsequent transition to fruit for maxi-

mum yield (Abbas et al. 2013). Decreased yield in sea-

son 2 could also be attributed to flower abortion during 

the rainy season. The increasing order of pepper yield 

was control < NPK fertilizer < cattle manure < Tithonia 

< PM. The increase in the yield of pepper due to the 

application of the amendments relative to the control 

was due to the contribution made by these amendments 

to the fertility status of the soils, as the initial soil was 

low in soil nutrients. When manures are decomposed, 
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they enhance the availability of macronutrients and 

micronutrients while also improving the physicochemi-

cal characteristics of the soil, which improves pepper 

growth and production. Pepper grown on poultry ma-

nure yielded more compared with other sources of or-

ganic amendment and NPK fertilizer. This can be at-

tributed to its high nutritional value and minimal C: N 

ratio of the PM used in the study. The observed lower C: 

N ratio of PM resulted in earlier nutrient release and 

quicker mineralization for the pepper uptake, which 

increased the morphological development of the plant 

and higher output as compared to other amendments. 

The C: N ratio of organic materials, according to Wolf 

and Snyder (2005), has a major influence on the pace of 

decomposition and the mineralization of N because N 

governs the proliferation and turnover of the microor-

ganisms that mineralize organic carbon. The value for 

C: N ratio of Tithonia in this study was statistically 

similar to C: N ratio of PM, but has an inferior nutrient 

content relative to PM which makes the differences in 

yield. NPK fertilizer though has higher nutrient content 

but has inferior yield relative to other organic amend-

ments due to possible leaching of its nutrient, especially 

during heavy rainfall. The application of organic 

amendments, apart from increasing the nutrient content 

of the soil, also helps in enhancing the soil structure 

thereby preventing the leaching of nutrients from this 

amendment. This result is consistent with the findings of 

Adekiya et al. (2020) who reported that okra grown 

under organic soil amendment performed better. 

 

Table 6 Effects of seasons, organic amendments, and NPK fertilizer on the yield of the two varieties of C. chinense 

Treatments Number  

of  fruits/plot 

Fruit fresh weight 

/plot (g) 

Number of 

fruits/hectare 

Fruit fresh weight 

/hectare (kg) 

Varieties 

Efia 60.69a 391.38a 303,444a 1,956.9a 

Caribbean red 74.22a 534.02a 371,111 a 2,670.1 a 

Seasons 

S1 (Dry) 101.13a 657.07a 505,667a 3,285.3a 

S2 (Rainy) 54.00b 401.18b 270,000 b 2,005.9b 

Amendments 

Poultry manure 83.04a 632.11a 415,185a 3,160.55a 

Tithonia diversifolia 67.00b 495.44ab 335,000b 2,678.40b 

Cattle manure 65.22b 535.48ab 326,100b 2,477.20b 

NPK 75.04ab 478.19ab  375,100ab  2,390.95bc 

Control 48.26c   301.15c    241,300c 1,505.75d 

ANOVA Response 

Variety 0.410      0.090       0.410      0.090 

Season 0.001 0.000 0.001 0.000 

Amendment 0.000 0.000 0.000 0.000 

Interaction 

V*S 1.00 0.91 1.00 0.91 

S*A      0.90 0.85 0.96 0.85 

V*A 0.67 0.56 0.67 0.56 

V*A*S 0.95 0.98 0.95 0.98 

Means in a column followed by the same letter(s) are not significantly (P ≤0.05) different according to DMRT. WAT = Weeks after 

transplanting, V = variety, S = season, A = amendment.  
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Correlation matrix of the effects of seasonal differ-

ences on the number and weight of C. chinense 

 

Table 7 shows the measure of how the yield is related to 

variations in rainfall, relative humidity, and temperature 

as a result of differences in seasons. A positive correla-

tion exists between NF and FW, NF and NFha, NF and 

FWha, NF and To, FW and NFha, FW and FWha, FW 

and To, NFha and FWha, NFha and To, FWha and To, 

and RF and RH. The values indicated that there was a 

positive relationship between the variables. All other 

relationships are negatively correlated which shows that 

as one variable increases the other decreases. 

 

Table 7 Correlation matrix of the effects of seasons on number of fruits and fruit weight of capsicum  

 NF FW NFha  FWha RF To RH 

NF 1 0.701** 0.580** 0.724** -0.605**  0.440** -0.506** 

FW  1 0.672** 0.570** -0.566**  0.523** -0.466** 

NFha   1 0.698** -0.610**  0.480** -0.590** 

FWha    1 -0.535**  0.501** -0.572** 

Rainfall     1 -0.485**  0.541** 

Temp      1 -0.365** 

Humidity        1 

**. Correlation is significant at the 0.01 level. NF = Number of fruits, FW = Fruit weight, NFha = Number of fruits ha-1, FWha = 

Fruit weight ha-1, RF = Rainfall, TO = Temperature, RH = Relative humidity       

 

Pooled analysis of seasons 1 and 2 of the effects of 

organic amendments, and NPK fertilizer on the shelf 

life and vitamin C content of the two varieties of C. 

chinense 

 

The pooled analysis for the two seasons on the shelf life 

of the two varieties of C. chinense varied significantly 

with different varieties, application of organic amend-

ments, and NPK fertilizer (Fig. 1). The application of 

poultry manure and T. diversifolia significantly (p<0.05) 

produced longer shelf life for C. chinense with Caribbe-

an red having more numbers of days. In both varieties, 

plots treated with NPK fertilizer and control had the 

least value for shelf life, though fruit harvested from the 

control plot had a longer shelf life than fruit harvested 

from NPK fertilizer plots (Fig. 1a). The vitamin C con-

centration of the two varieties of C. chinense varied 

significantly depending on variety, season, and treat-

ment (Fig. 1b). The seasons had a significant effect on 

the vitamin C level of the two varieties, with season two 

having higher vitamin C content than season 1. The use 

of poultry manure and T. diversifolia generated the max-

imum vitamin C value for C. chinense, with the Efia 

variety having higher vitamin C. In all seasons, NPK 

fertilizer and control plots had the lowest vitamin C 

value, however, fruits collected from NPK fertilizer 

plots had somewhat higher vitamin C than those ob-

tained from control plots. Post-harvest losses could arise 

from fruits that are devoid of post-harvest qualities 

which may inadvertently affect the fruit’s shelf life. 

Radajewska and Dejwor-Borowiak (2000), found that 

one of the important factors that producers and distribu-

tors used in determining the commercial value of fresh 

fruits is the shelf life. Arah et al. (2015) concluded in 

their study that agronomic practices such as the applica-

tion of amendments influenced the shelf life of fruits 

either before or after harvest. The result of this study on 

fruit shelf life, therefore, revealed that the application of 

NPK negatively affected the fruit shelf life of capsicum. 

This result is similar to that of Ghimire et al. (2013) 

where they reproted that application of NPK fertilizer 

increased the physiological weight loss of pepper fruits 

while there was a reduction in the physiological weight 

loss with the application of goat manure. Sole inorganic 
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fertilizer application resulted in higher percentages of 

shrinkage and decay while lowering fruit shelf life than 

the rest of the fertilizer treatments (Ramachandra 2005). 

The potential of any plant to capture and photosynthe-

size the resources needed for growth and development is 

an important growth rate determinant. Cropping of pep-

per in season 2 improved vitamin C contents of pepper 

fruit relative to season 1 though the difference was not 

significant. This could be added to better soil moisture 

in season 2 relative to season 1. The better soil moisture 

would have made more nutrients available for pepper 

uptake. Organic amendments increased the vitamin C 

content of C. chinense fruits, which is explained by the 

fact that fruits obtained from organically treated plots 

had higher amounts of phenolic compounds and antioxi-

dant capacity than inorganic samples. This is consistent 

with the findings of Aboyeji et al. (2017) on radish and 

Magkos et al. (2003) on lettuce, where they discovered 

that the organic production system increased the vitamin 

C content of both radish and lettuce. 

 

 

 

Fig. 1 Effects of organic amendments and NPK fertilizer on the (a) shelf life, and (b) Vitamin C content of the two 

varieties of C. chinense (Pooled analysis of seasons 1 and 2)  

V1 = Efia, V2 = Caribbean red, PM = Poultry manure, CM = Cattle manure, TD = T. diversifolia, NPK = Inorganic fertilizer, CTRL 

= Control 

 

Pooled analysis of seasons 1 and 2 of the effects of 

organic amendments, and NPK fertilizer on the min-

eral composition of the two varieties of C. chinense 

 

The pooled analysis for the two seasons of the laborato-

ry determination of mineral (Ca, Cu, Zn, and Mg) com-

position of C. chinense varied significantly with differ-

ent varieties and application of organic amendments and 

NPK fertilizer (Fig. 2). The application of poultry ma-

nure produced higher values for Ca composition, which 

was similar to the values obtained with the application 

of T. divesifolia followed by the application of cattle 

manure for the two varieties. The least and most similar 

values for Ca were obtained with the application of NPK 

fertilizer and control (Fig. 2a). There was a significant 

difference (p > 0.05) in the Cu concentration of the 

fruits among the different amendments used for the 

study. Significantly, higher values for Cu were obtained 

in the application of poultry manure, T. divesifolia and 

cattle manure on the Caribbean red variety. Other 

amendments gave varying but similar values for the two 

varieties with the control having a significantly lower 

Cu value (Fig. 2b). Plots applied with poultry manures 

significantly increased the Zn content of Caribbean red, 
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as compared with the Efia variety. The application of 

other amendments also increased the Zn value of Carib-

bean red though the differences in the Zn values were 

not significant (Fig. 2c). The value for Mg for the two 

varieties was higher and statistically similar to the appli-

cation of poultry manure. There was no significant dif-

ference in the Mg values for the two varieties when T. 

divesifolia and cattle manure were applied.  

The least value for Mg was obtained on the control plots 

for the two varieties (Fig. 2d). The concentration of 

minerals in plants is greatly influenced by climatic con-

ditions. Climate changes have been observed to alter the 

chemical makeup of plants (Lefsrud et al. 2005). 

The differences in mineral contents of the two varieties 

of pepper were attributed to variety and different genetic 

makeup.  

Peterson et al. (1982) discovered a great difference in 

mineral concentration by genotype and found that the 

genotype effect was significantly greater than the influ-

ence of other environmental variables.  

The enhanced nutrient availability in the soil because of 

manure mineralization, which led to better absorption by 

pepper plants, was attributed to soil amendments in-

creasing pepper mineral contents as compared to the 

control. When compared to control and NPK fertilizer, 

pepper grown with organic amendments (poultry ma-

nure, Tithonia, and cattle manure) had a higher value for 

minerals (Ca, Cu, Zn, and Mg). This is due to the organ-

ic manures contain these nutrients as well as other micro 

and macro nutrients that are not easily leached. Aboyeji 

(2021) also reported that okra grown organically were 

greater quality than those grown conventionally. 

 

  

 

 

 

 

 

 

Fig. 2 Effects of organic amend-

ments and NPK fertilizer on the 

(a) Calcium (b) Copper (c) Zinc 

and (d) Magnesium contents of 

the two varieties of C. chinense 

(Pooled analysis of seasons 1 and 

2) 

 PM = Poultry manure, CM = Cattle 

manure, TD = T. diversifolia NPK = 

Inorganic fertilizer, CTRL = Control  
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Conclusion 

 
The results of this study indicated that there are varia-

tions in all the parameters tested in response to varieties, 

seasons, and application of soil amendments. The Car-

ibbean red variety had the best attributes for the vegeta-

tive parameters, yield, longer shelf life, and higher val-

ues for Cu, Ca and Mg. However, plants in season 1 had 

higher yields than those cultivated in season 2. Applica-

tion of poultry manure was also found to improve the 

vegetative parameters, delayed fruit shrinkage (shelf 

life), and increased Ca, Cu, Mg, and vitamin C content 

of C. chinense. It can therefore be concluded that though 

there was a non-significant difference in the fruit vita-

min C content between the two seasons, the Caribbean 

red variety cultivated during the dry season (season 1) 

under the application of poultry manure will give the 

best vegetative performance, longer shelf life, and im-

proved fruit minerals contents.  
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