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Abstract
In recent years, the precarious global economy, rising food, fuel, and fertilizer prices, the deteriorating 
environment and health risks posed by humans have dramatically redirected lines of agricultural research. This 
increasing concern of consumers has driven the demand for food that is produced with sustainable approaches. 
The need to implement these sustainable practices such as the application of rabbit waste is a drive to climate-
smart agriculture. Sweet potato cultivation with rabbit waste as its fertilizer and pesticide will enhance crop yield 
as well as improve the health and fertility of the soil. Rabbit waste also enhances crop resistance by repelling pests 
such as aphids, fall armyworms, etc., and thus reduces costs on plant protection products, due to the high level of 
nitrogen, phosphorus and potassium contained in them.
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Introduction 
Agricultural productivity and inputs
Accesses of farmers to modern agricultural inputs are 
the driver of any agricultural revolution. Improved 
seeds, fertilizers, plant protection chemicals (pesticides, 
herbicides, insecticides and fungicides), machinery, 
irrigation and knowledge are agricultural inputs of 
importance to farmers for effective production (Sahel, 
2014). Improved and clean planting materials are 
assurances to successful crop production and inevitably 
for farm productivity and profitability. Fertilizers are 
boosters and they supply nutrients needed by the soil for 
the essential growth of plants. Irrigation also an essential 
agricultural input for productivity enables off-season 
farming; this farming system provides the opportunity 
for multiple harvests per year. Agrochemicals 
(pesticides, herbicides, insecticides and fungicides) 
control wanted plants, un-beneficial insects/pests and 
diseases that cause damage to crops. Technical know-
how and mechanized farming enhance human labour 
effectiveness and farm production.  

Fertilizer is an organic or inorganic material that, when 
applied to the soil improves the nutrient level including 
every soil's properties such as the physical, chemical, 
and biological properties of the soil. The amount of 
inorganic fertilizer used has always out-numbered 
organic materials this is due to its easy-to-use form and 
faster mineralization. The major three nutrients 

contained in fertilizers are; nitrogen (N), phosphorus 
(P O ) and potassium (K O). The overall fertilizer use in 2 5 2

2020 was 66 million tonnes with Asia ranking first at 
55% of the world's total agricultural use of inorganic 
fertilizers, followed by the Americas (27 %), Europe (12 
%), Africa (4 %) and Oceania (2 %). This ranking cuts 
across all nutrients in a fertilizer (FAOSTAT, 2022). 
From this report, Africa with its arable land was trailing 
behind, just before Oceania. 

The incessant use of chemical fertilizer to enhance crop 
productivity has many drawbacks and could be harmful 
to the crop, soil, and humans. It has posed a lot of soil 
problems, such as decay in the structure and natural state 
of the soil and soil acidity due to excess application. The 
overuse has also reduced fertility and caused changes in 
the physicochemical and microbial attributes, erosion, 
groundwater pollution, and sometimes kills the plant 
(Liang et al., 2013; Montemurro et al., 2010; Meena et 
al., 2016). Due to the challenges faced by the soil, 
scientists have advocated for bio-fertilizers as an 
efficient alternative to smart agriculture (Pradeepkumar 
et al., 2017; Cervera-Mata et al., 2018). The demand for 
organic fertilizers is on the increase compared to 
mineral fertilizers due to accessibility, easy to afford and 
the availability of organic markets worldwide to 
enhance sustainable agricultural ecosystems without 
affecting yield and quality (Chatterjee et al., 2014; 
Hernández et al., 2016; Abuarab et al., 2019). Organic 
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fertilizers are highly beneficial with attributes including 
restoring the fertility of the soil, maintaining, and/or 
improving physicochemical and biological functions of 
soil, enhancing soil sanitation, improving crop 
production, and reducing gas emission of greenhouse 
(Hernández et al., 2014; Shehata et al., 2017). So much 
attention has not been paid to organic waste preservation 
and utilization and this has led to the continuous discard 
from animal farmers and the agro-industry at large 
(Fernández-Hernández et al., 2014). The micro and 
macro nutrient contained in the organic matter improves 
soil and plant health (Ayyobi et al. 2014; Abdeldaym et 
al., 2019). Studies have also shown that these wastes 
contain bioactive compounds able to suppress soil-
borne diseases and phyto-parasitic nematodes 
(Abdeldaym et al., 2012; Abdeldayem et al., 2014; 
Federica et al., 2017; Asses et al., 2018; Atia et al., 
2020).

Rabbit manure is a solid organic waste when applied to 
the soil improves the nutrients, humus, and soil 
aggregates and also encourages the life activity of soil 
microorganisms and beneficial insects (Astiari et al., 
2019). In 2005, the Animal Research Agency in Ciawi, 
Bogor Regency reported that rabbit droppings have 
been found to contain higher elements of N, P, and K at 
2.72%, 1.1%, and 0.5% respectively, compared to other 
livestock manure such as cows, buffaloes, sheep, horses, 
pigs, and chickens (Masaji et al., 2021). The application 
of between 10-15 tons of compost rabbit waste per 
hectare can improve soil fertility and crop yields 
(Situmeang et al., 2018; Situmeang et al., 2019; 
Sastrawan et al., 2020). 

Rabbit manure used as an organic fertilizer in sweet 
potato farming is climate-smart agriculture. Reports on 
the effectiveness of this organic matter include; 
improving soil physical properties, increasing root fresh 
weight, plant health and growth, and being safe for 
consumption without fear of chemical residues that 
might become toxic (Sastrawan et al., 2020; Mesa et al., 
2021; Kelderak et al., 2020). 

Worldwide after rice, wheat, potatoes, maize, and 
cassava, sweet potato is the sixth most important food, 
especially in its carbohydrate quantity (Elameen et al., 
2008) and the fifth most important food crop in 
developing countries (Elameen et al., 2008). China 
ranked the highest in sweet potato production with 
(47.8M Mts), followed by Malawi (7M Mts), Tanzania 
(5M Mts), and Nigeria (3.94M Mts) (Faostat, 2021). 
United States of America was the top global exporter, by 
volume of sweet potatoes in 2020.

Sweet Potato 
Origin, Nutritional Values and Uses
Sweet potato (Ipomoea batatas L.) originated in South 
America and Christopher Columbus took it from 
America to Spain in 1492 (Ikeokwu and Orji, 2022). It 
was later introduced to Africa in 1520 by Sao Tome and 
in Nigeria in 1694-1894 by Portuguese traders whose 
activities were along the coast of Nigeria (Mbanaso, 

2010). Sweet potato belongs to the family of 
Convolvulaceae and it is in the Genus Ipomoea. This 
short-cycled crop has good adaptive abilities; it is 
vigorous and able to survive in diverse agroecologies, 
marginal lands, and water-stress soils. (Sugri et al., 
2017). The crop is a creeping annual vine with dark 
green leaves, soft heart-shaped to deeply indented 
leaves with various sizes on some plants. The flower is 
funnel-shaped, white to red or purple. Through 
contrarious vegetative multiplication in the tropics, 
sterile flowers developed. Sweet potato seeds which are 
eventually formed are only useful for breeding 
purposes. Sweet potato tuber colours range from 
white/cream fleshed, yellow, and purple to red colour. 
Mature tubers at harvest contain sugar (1.5 %), protein 
(1.5 %), low fat (0.2 %), and above all, starch (20 %) 
(Ikeokwu and Orji, 2022). The tuber varieties have been 
grouped based on colour and their nutritional content: 
i. Tubers with majorly yellow/orange-fleshed, 

with high carotenoid content known as pro-
vitamin A are powdery and mealy after cooking 
(Alam et al., 2016; Islam et al., 2016). 

ii. White fleshed tubers are soft and sweet after 
processing and produce watery and gelatinous 
pulp.

iii. Purple-fleshed sweet potato clones with high 
anthocyanins (powerful antioxidants) which 
belong to the group of polyphenols have been 
developed at the NRCRI (Li et al., 2013, Tang et 
al., 2015)

iv. Tubers which are only useful as fodders (Jata et 
al., 2011).

Due to the high moisture in sweet potato, it has been 
termed a perishable root crop; making it susceptible to 
microbial attack and difficult to store for a long time 
during storage. Postharvest deterioration can also be 
influenced by the high respiratory rate of the crop which 
also leads to weight loss both in quality and quantity.

Sweet potatoes are universal and delicious, both the 
leaves and the roots contain beneficial high nutritional 
contents such as phenolic compounds, anthocyanins, 
sprains, carotenoids (Hussein et al., 2014), and vitamins 
A, B, C, and K, these qualities make sweet potatoes 
consumption not only satisfying as food but medicinally 
valuable with compounds that are anti-carcinogenic, 
anti-diabetic and anti-inflammatory (Mohanraj and 
Sivasankar, 2014). The USDA database in 2019 has 
characterized sweet potatoes by two major components; 
a higher energy value and a higher ratio of amylose 
when compared to Irish potatoes (Solanum tuberosum 
L.). Amylose is a healthy food component that gradually 
increases the sugar level in the blood compared to the 
simple saccharides and this is most important for the 
immuno-compromised groups especially those 
suffering from diabetes and cancer (Mohanraj and 
Sivasankar, 2014). 

Antioxidants are relatively stable substances, non-toxic 
products with free radicals (Šlosár et al., 2020). They are 
very effective even in their smallest amount and retard 
or protect against oxidation. Studies have shown that 
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anthocyanin in sweet potato tubers increases the rate of 
antioxidant activity (AOA) (Rumbaoa et al. 2009; 
Šlosár et al., 2020). Hegedűsová et al. (2018) reported 
that antioxidant activity in a fresh matter of sweet potato 
tubers is usually determined by the method of DPPH 
(2,2-Diphenyl-1-picrylhydrazyl). Epidemiological 
studies expressively indicate that long-term and regular 
consumption of food rich in polyphenols provides 
humans protection against the formation and 
development of a wide spectrum of diseases such as 
cancer,  diabetes,  obesi ty,  osteoporosis ,  and 
cardiovascular or neurodegenerative diseases (Pandey 
and Rizvi, 2009; Rasouli et al., 2017).

The dominant carotenoid substance in sweet potatoes is 
β-carotene which is a group of important antioxidants 
(Pisoschi and Pop, 2015; USDA, 2019; Šlosár et al. 
2020). The β-carotene content which is formed as 
vitamin A biochemically in the body and majorly 
contained in orange-fleshed sweet potatoes is a very 
effective scavenger of free oxygen radicals which could 
be responsible for skin damage, eye retina degeneration, 
cataract formation, or various types of cancer 
(Hegedűsová et al., 2016). Vitamin C (syn. ascorbic 
acid) which belongs to the most important vitamins is 
characterized by significant antioxidant properties and 
is less stable. Most plants and animals are not able to 
form vitamin C however synthesize it from glucose via 
the intake of food (Schlueter and Johnston, 2011). 
Studies have shown vitamin C protects the human body 
against infection of the respiratory system and 
Alzheimer's disease, characterized by a decrease in 
cognitive abilities, and reduces the risk formation of 
cardiovascular diseases and several cancer types, acts 
against Helicobacter pylori which is marked as an 
important risk factor for stomach cancer formation and 
for sperm protection against oxidative damage and 
higher sperm quality of smokers (Colagar and Marzony, 
2009; Schlueter and Johnston, 2011; Mei and Tu, 2018). 

Sweet potatoes are also important in the industry and 
animal feed ingredients (Arifin and Agastya, 2020). In 
Nigeria and other countries, besides these benefits, the 
crop is also important for generating jobs and income for 
smallholder farmers.

Animal Waste and Its Uses
Animal waste predominantly includes manures from 
cows, pigs, goats, rabbits, and chickens. Livestock and 
poultry waste has been beneficial because of its 
nutrients, organic matter, and other recyclable 
components like solids, energy, and fibre. According to 
the United States Environmental Protection Agency 
(2023), the beneficial uses of manure include;
1. They are used as nutrients in the form of 
fertilizer, and biomass conversion (Animal feed, soil 
amendments).
2. Organic matter; for soil amendment and 
structuring
3. Solids; as beddings
4. Energy in the form of biofuels, biogas, bio-oil, 
syngas

5. Fiber; paper, peat moss substitute, novelty 
fiber products, and building materials.
Historically, wastes from animals such as cows, horses, 
chickens, pigs, rabbits, etc. were the primary source of 
fertilizer, especially for gardens. Many farmers and 
gardeners still make use of this method of fertilization 
for their crops. This organic waste can be obtained from 
local animal farmers or bought commercially at garden 
stores and nurseries in bagged forms. The health of 
crops is of utmost importance therefore knowing that all 
animals are not created equal and the difference in their 
manures will guide choices while sourcing for manures. 
There are so many important factors to consider while 
sourcing any animal manure for usage; most 
importantly these manures must be free of heavy metals, 
chemical residues, growth hormones and every 
undesirable material. The type and age of the animal 
must be enquired about, such as the food the animal 
consumed, the moisture content of the manure, the 
handling process and the storage method practised. 
(Wolfe, 2020). 
According to Gustafson (2016), the use of fertilizer in 
Nigeria remains low; the use of inorganic fertilizer is at 
11.3kg/ha while organic fertilizer is only 0.2kg/ha, 
which depicts farmers not utilizing the waste from 
animals around their environment. This places Nigeria 
well below the targeted 50 kg/ha set and agrees with the 
FAO ranking of world fertilizer users. 

Rabbit Husbandry in Nigeria
Rabbit farming is an easy type of farming to venture into 
because it doesn't occupy so much space, and can easily 
be kept by households due to its size, quick growth rate 
and early maturity. They are affordable and can easily be 
managed, and their high rate of reproduction of up to 40 
kits in a year can be achieved when properly cared for 
(Dairo et al., 2012) but despite the interesting attributes 
of rabbits it is still faced with challenges making it an 
under-utilized animal for proteins and other needs 
(Ogbonna, 2015). This form of animal production is 
faced with challenges such as lack of adequate 
information, access to forage, disease prevalence, and 
scarcity of veterinarians, (Ayeni et al., 2023).

Rabbit waste is derived from rabbits and in Nigeria, the 
commonest breeds are the Angora, Rex, California and 
the New Zealand white amongst others (Mailafia, 2010). 
Rabbit manure has shown increasing versatile 
application with the continuous improvement of the 
large-scale and intensive breeding industry. These 
herbivorous non-ruminants have enlarged cecum in 
which a vast microbial degradation takes place. Rabbits 
excrete both hard and soft faeces. These soft feces are 
called cecotrophs (cacophagy) and they can ingest it 
using cecotrophy and cecophagy, thus increasing feed 
digestibility. Forage intake of rabbits is quite high due to 
the special nutritional strategy and the presence of 
caecal microbes. The nutritional needs of rabbits are 
covered by well digestible part of forage, this being 
enabled by a mechanism of separation of the large and 
small parts in the large intestine (Varga, 2014). Due to 
rabbit's prominent potential and good attributes which 
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include short regeneration interval, rapid growth rate, 
efficiency in converting forage to meat, short gestation 
period, high prolificacy, relatively low cost of 
production and maintenance, and high nutritional 
quality, its manure has been termed very useful because 
of its dry matter content, its manure is four times more 
nutritious than some animals like cow or horse manure 
and twice as nutritious as chicken manure (Faraday, 
2020).

The National Agricultural Land Development Authority 
in Nigeria after kicking off the National Young Farmers 
Scheme (NYFS) stated that within the year 2021, it had 
harvested over 30,000 litres of rabbit urine and 1,000 
kilograms of rabbit droppings for fertilizer production in 
the country (AllAfrica, 2021). This interest in 
conserving rabbit waste is due to its importance and 
significance in the agronomic sector. Companies that 
deal in organic fertilizer and some rabbit farmers are 
turning the urine into a business venture. 

Rabbit Waste and Its Composition
Rabbit droppings are safe and can be dropped straight 
in to  the  so i l  w i thou t  the  need  fo r  fu r the r 
processing/compositing because it is not hot manure but 
rather cold manure (Nelson, 2021). It has characteristics 
such as being in pellet form, odourless, and dry and it 
breaks down slowly in the soil making it less risky to 
burn the roots of plants (Carter, 2021). Its application 
can be at any time of planting both as spreads overtop the 
soil or mulched directly into the soil (Noor, 2022). As 
rabbit manure decomposes, it re-structures the soil by 
slowly releasing vital nutrients and microorganisms that 
promote faster and healthier plant growth (Carter, 
2021). Rabbit droppings have been found to contain a 
high content of Nitrogen, Phosphorus, and Potassium 
which are the key primary nutrients needed by plants for 
growth and development. This high content is due to a 
very active microbial population contained in the 
droppings (Rahardjo and Purwantari, 2010). Nitrogen is 
the main nutrient for vegetative growth, it helps a plant 
to generate enzymes, amino acids and proteins to grow 
greener and stronger (Noor, 2022). Phosphorus plays a 
vital role in the physiological processes in plants such as 
photosynthesis and respiration and potassium 
encourages various enzymatic actions that are essential 
in photosynthetic reactions (Novizan, 2005), helps 
plants to utilize other nutrients and produce their food 
(Faraday, 2020), improves fruit quality, reduces the risk 
of lethal diseases in plants, and helps them control their 
water content (Carter, 2021). Potassium also aids in 
developing a strong stem, tuber and healthy root 
network to overcome stressful conditions that are not 
ideal for growth (Carter, 2021). Because rabbits barely 
drink water their urine contains the highest level of 
Nitrogen (2.72% nitrogen, 8.7% phosphorus, 2.3% 
potassium, 3.6% sulfur, 1.26% calcium, and 4.0% 
magnesium) (Maina, 2014) compared to other farm 
animals. Rabbit urine is commonly used as a bio-
pesticide against devastating crop pests and pathogens 
(Biovision, 2015). Apart from being used as a bio-
pesticide, rabbit urine is also an excellent organic 

fertilizer. It has been reported that rabbit urine as a bio-
fertilizer improves the viability of seeds such as 
cinnamon (Cinnamomum burmannii L.) (Guntara et al., 
2020) and the growth and yield of pagoda (Brassica 
narinosa L.) (Mayura and Idris, 2019) and tomato 
(Lycopersicon esculentum Mill.) (Indabo and Abubakar, 
2020). This urine has been utilized in African countries 
like Ethiopia, Kenya, Uganda, Tanzania, Malawi, and 
Nigeria as a pesticide and fertilizer. In Uganda and 
Nigeria, smallholder farmers have asserted that rabbit 
urine repels insect pests like aphids, mites, bugs, fall 
armyworms, whiteflies, leaf miners, bugs, and other 
crop pests of economic importance (Agric4profits, 
2023) through its pungent smell; however, this 
indigenous pest management practice remains 
unexplored. This has positioned rabbit urine as being 
nutritive and pesticidal (Muhofa, 2020) and has helped 
to reduce the cost of farming with an increase in the 
quantity and quality of the crop produced. 

Advantages of using rabbit waste as fertilizers and 
pesticides
1. Rabbit manure is cold manure compared to 

other types of manure, like horse, cow, 
chicken, pigs, etc., and due to the nature of 
these hot manures, they are usually 
composted using carbon-rich materials like 
sawdust, leaves, wood shavings or straw to 
the soil as hot manures release excessive 
nitrogen too fast that can burn the roots of 
plants and make the leaves brown and 
stunted (Nelson, 2021).

2. It can be cheaply sourced. 
3. Plants can derive enough nitrogen from its 

high level of nitrate content.
4. It is environmentally friendly and non-toxic.
5. Rabbit farming is very lucrative and creates 

multiple streams of income by using meat, 
manure, or urine as a source of income.

6. Rabbit urine plays a dual function by solving 
the problem of fertilization and pest attacks 
on the farm, thereby making organic farming 
cost-effective.

7. In addition to adding vital nutrients, rabbit 
manure can also improve drainage, and soil 
structure and increase moisture retention 
(Faraday, 2020).

Applications of Rabbit Waste
Rabbit manure can be sourced in prepackaged bags or 
obtained from rabbit farmers and because is not a hot 
manure, it can be applied directly onto farm beds or can 
also be composted depending on the choice before use.

In the application of organic fertilizer, the reaction 
requires time in absorption and utilization of nutrients 
by plants because it is a slow decomposition process 
(Pardosi, 2014).
Islas et al. (2017) studied the effectiveness of rabbit 
manure bio-fertilizer in barley crop yield in two 
application modes (foliar or direct soil application) and 
their results showed that bio-fertilizer caused significant 
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changes in the mineral and soil properties. They stated 
that the production and use of bio-fertilizers are a 
reliable alternative to deal with a solid waste problem 
while food security is increased.
The efficacy of rabbit and cattle manures was evaluated 
by Malcolm et al. (2019) in the cultivation of aubergine 
and green pepper. The result revealed that fruits grown 
with rabbit manure had the highest mean number and 
were significantly higher than fruits grown with cattle 
manure. At a higher rate of application of rabbit manure 
and aubergines, it was reported that the Nitrogen Use 
Efficiency (NUE) was highest in rabbit manure 
compared to the weight of aubergines.

Parwi et al. (2019) studied the effect of organic 
fertilizers and Trichoderma asperellum on the 
agronomic parameters of Shallot (Allium cepa L.). The 
research aimed at increasing the growth and yield of 
shallot using two factors; first was the use of organic 
fertilizers (cajeput waste compost and rabbit manure) 
and second was Trichoderma asperellum application. 
The results of this study showed that treatments with 
cajeput waste compost and rabbit manure without 
Trichoderma asperellum increased tillering number, 
plant height, yield and leaf dry weight of the shallot. In 
conclusion, the introduction of rabbit manure as part of 
the treatments caused a significant increase in the major 
parameters in this research.

El-mogy et al. (2020) carried out the comparative 
effects of fertilizer-grown lettuce and its storage ability 
and their studies revealed that plots with rabbit manure 
fertilizer had a significant increase in yield. The study 
further highlighted that the activity of peroxidase and 
polyphenol oxidase that influences the browning effect 
in lettuce was significantly reduced with treatments 
containing rabbit manure. This study is also important 
and beneficial in sweet potatoes as regards discolouring 
during the post-harvest chain process, which is a result 
of the activation of polyphenol oxidase (PPO) 
(Manohan and Wai, 2012). Hence, the application of 
rabbit manure in sweet potato production could lower 
the enzymatic browning effect on varieties that undergo 
this chemical reaction without significant reduction in 
yield, desirable appearance during processing and better 
storability.

Prasetya (2020) aimed to determine the effect of rabbit 
droppings (manure and urine) on peanut crop yields. 42 
days after planting, the result using rabbit urine showed 
a significant effect on the vegetative parameters such as 
number of branches, plant height and wet pod.

Udoh, et al. (2021) researched the effect of some organic 
amendments on soil properties and cocoyam yield in 
Akwa Ibom State University Teaching and Research 
Farm, Nigeria. The treatments revealed that the 
application of the animal manures and muriate of potash 
significantly increased the growth of cocoyam 
parameters and the physical and chemical properties 
generally over the control plot. Effects of treatments on 
cocoyam height were in this order; muriate of potash > 

rabbit manure>poultry manure>goat manure>control > 
pig manure. From the above research, the application of 
animal manures and muriate of potash improved 
cocoyam growth and yield parameters. The study 
recommended that muriate of potash at 300 kg/ha, and 
rabbit and goat manure at 5t/ha should be practised for 
cocoyam cultivation.

The study of Mesa et al. (2021) indicated that the use of 
rabbit manure on pakchoy plants influenced the fresh 
weight roots (6.41 g) compared to the yield in the 
treatment without rabbit manure (5.16 g). They 
concluded the high results could be due to the high 
nutritional content contained in rabbit manure 
(N=0.03%), (P=55.56 ppm), (K=59.91 ppm), and C 
(0.41%).
Furrow irrigation patterns and manure levels on potato 
crop water relationships and some soil chemical 
properties were evaluated by Elglaly et al. (2021). The 
results showed that the soil pH, available NPK, EC and 
OM were positively affected by the irrigation pattern 
with the inclusion of rabbit manure. The study 
concluded that practising the fixed furrow irrigation 
pattern with rabbit manure application achieved the 
highest tuber yield and quality of the potato crop. Also, 
this agronomic procedure was found to improve soil 
chemical, and physical structure and also increase 
macronutrient availability.
Li et al. (2022) aimed at manufacturing horticultural 
growing media by substituting peat with composted 
rabbit manure as an organic matrix. The results 
highlighted that composted rabbit manure could 
effectively replace peat; the study also revealed that 
according to the Chinese standards for use as 
horticultural growing media, rabbit manure was 
considered safe due to the lower level of heavy metal 
contents than the thresholds. 
Declaro-Ruedas and Ruedas (2022) worked on the 
different forms of rabbit manure on the growth and yield 
response of onion (Allium cepa) 'RED PINOY' VAR. in 
Magsaysay, Occidental Mindoro. The result reported 
that onion bulb plots treated with fresh rabbit manure 
gave the highest vegetative response and yield in terms 
of the number of leaves and length of roots, bulb size, 
fresh weight of bulbs and dry weight of bulbs compared 
to the other treatments.
Indabo and Abubakar (2022) studied the effect of bio-
fertilizer using rabbit urine on the UC82B tomato 
(Lycopersicon Esculentum Mill) Variety in Zaria, 
Nigeria. The study also revealed the relevance of rabbit 
urine in the farming system. Data obtained revealed that 
treatments with rabbit urine inclusive had the best 
performance in terms of the plant height, number of 
leaves and branches between 2 to 6 WAP. The study 
recommended that in addition to the standard rate of 
NPK fertilizer application, rabbit urine should be 
incorporated into tomato cultivation. In conclusion, 
rabbit urine has proven its potential to beef up the 
efficacy of NPK, especially in a case where the rate of 
applying NPK is not up to the required rate.
Kemunto et al. (2022) researched the application of 
rabbit urine on different stages of fall armyworm 
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(Spodoptera frugiperda J.E. Smith) in a maize farm. 
From the egg to the moth stage of the fall armyworm 
(FAW) was exposed to maize leaves treated with rabbit 
urine and the control without rabbit urine. The results 
showed that maize leaves treated with rabbit urine had 
less than 43% of the FAW infestation attack compared to 
untreated maize leaves which had more of the FAW 
attack of more than 46%. The reduction of the presence 
of FAW larvae on the treated leaves indicates that the 
ammonia smell from the urine served as a repellant. 
Rabbit urine also caused a damage reduction in the egg 
development to second, and third instars and adult 
emergence 24 h post-exposure. This study also confirms 
farmer assertions about using rabbit urine as a pesticide 
to manage FAW.

Potential for Boosting Sweet Potato Production
Basic Requirements 
To boost sweet potato production, farm mechanization 
which includes functional tractors and land preparation 
implements with other farm inputs will maximize yield 
per hectare without necessarily expanding hectares 
under cultivation. Farm inputs such as; fertilizers, 
herbicides for weed management, insecticides for pest 
control and clean healthy vines as planting materials 
have the potential to boost sweet potato cultivation.
Sweet potatoes yield best in a well-drained, light, sandy 
loam or silt loam soil. Sweet potatoes can thrive in soil 
pH between 5.5 and 6.8 but optimally between 5.8 to 6.0 
producing quality yields (Brandenberger et al., 2014). In 
soil with low pH, lime is advised to be applied. Sweet 
potatoes due to their ability to bulk require large 
quantities of nutrients whether mineral or organic 
(Mahmoud et al., 2019) especially potassium and 
Nitrogen for sustainability and improved cultivation. It 
utilizes about 49.9Kg of nitrogen, 2.27Kg of 
phosphorus, and 68.04Kg of potassium per acre from 
the soil (Brandenberger et al., 2014). However, in 
Nigeria, farmers usually ignore the application of 
fertilizers with these major nutritional components 
which in turn results in low tuber yield of sweet potatoes 
and poor storability.
Animal manure like rabbit waste is much richer in 
nutrients than ordinary farm manure with a very good 
level of essential nutrients needed by sweet potatoes and 
will play a vital role if substituted with inorganic 
fertilizer.

Conclusion
Sweet potato (Ipomoea batatas L.) is one of the largest 
sources of carbohydrates after rice, corn, and cassava 
having an important role in the supply of food raw 
materials, industrial raw materials, medicinal 
ingredients, and animal feed ingredients. Aside from the 
fact that rabbit has a beautiful appearance and their meat 
is very delicious, their other advantages in the 
agricultural sector include fertilizers, biological 
pesticides, energy sources, organic matter, and solids. 
The need for organic farming in the cultivation of sweet 
potatoes by every grower cannot be over-stressed for the 
reasons arising from its low cost, its high level of 
nutrient content its environmental safety, and most 

importantly nontoxic to humans. One of the efforts to 
increase the productivity of sweet potato cultivation is to 
determine the type of fertilizer used and this study has 
proven and highlighted that rabbit waste could 
effectively replace mineral fertilizer.

References
Abdeldaym, E.A., El-Sawy, M.B.I. & El-Helaly, M.A. 

(2019). Combined application of different sources 
of nitrogen fertilizers for improvement of potato 
yield and quality. In Plant Archives, 19, 2513.

Abdeldaym, E.A., Erriquens, F., Verrastro, V.,  
Sasanelli, N., Mondelli, D. &  Cocozza, C. (2012). 
Nematicidal and fertilizing effects of chicken 
manure, fresh and composted olive mill wastes on 
organic melon. In Helminthologia, 49, (4), 259 – 
269. DOI: 10.2478/s11687-012-0048-4. 

Abuarab, M. E, El-Mogy, M. M., Hassan, A. M. 
Abdeldaym, E. A., Abdelkader, N. H. & El-Sawy, 
M. B. I. (2019). The Effects of Root Aeration and 

Different Soil Conditioners on the Nutritional 

Values, Yield, and Water Productivity of Potato in 
Clay Loam Soil. Agronomy 2019, 9, 418; 
doi:10.3390/agronomy9080418

Agric4profits. Importance of Rabbit Urine and How to 
U s e  I t .  A v a i l a b l e  o n l i n e : 
h t tps : / /agr ic4profits .com/impor tance-of-
rabbiturine-and-how-to-use-it/ (accessed on 24 
February 2023).

Alam, M.K., Rana, Z.H. & Islam, S.N. (2016) 
Comparison of the Proximate Composition, Total 
Carotenoids and Total Polyphenol Content of 
Nine Orange-Fleshed Sweet Potato Varieties 
Grown in Bangladesh. Foods, 5 (3), 64. DOI: 
https://dx.doi.org/10.3390/foods5030064

AllAfrica (2023). Rabbit Urine is the New Liquid Gold 
f o r  N i g e r i a n  F a r m e r s . 
https://allafrica.com/view/group/main/main/id/00
078333.html. (Accessed on 24 February 2023). 

Arifin, S., & Agastya, I. M. I. (2020). Dampak 
Pemangkasan Sulur Ubijalar (Ipomoea batatas (l.) 
Lam) Terhadap Hasil Umbi Ubijalar. (Doctoral 
Dissertation, Fakultas Pertanian Universitas 
Tribhuwana Tunggadewi).

Asses, N., Farhat, A., Cherif, S., Hamdi, M. & 
Bouallaguia, H. (2018). Comparative study of 
sewage sludge co-composting with olive mill 
wastes or green residues: Process monitoring and 
agriculture value of the resulting composts. In 
Process Safety and Environmental Protection, 114, 
25 − 35. DOI: 10.1016/j. psep.2017.12.006. 
Association of Official Analytical Chemists – 
AOAC 1990. Official Methods of Analysis, 15th 
Edn. AOAC, Washington, D.C, pp. 556. 

Astiari, A. A. Y., Wirajaya, A. A. N. M., & Kartini, L. 
(2019). Respon Beberapa Varietas Tanaman 
Kacang Panjang (Vigna sinensis  L) Pada 
Pemberian Dosis Pupuk Kandang Kelinci. Gema 
Agro, 24(1). 

Atia, M.A., Abdeldaym, E.A., Abdelsattar, M., Ibrahim, 
D.S., Saleh, I., Abd elwahab, M., Osman, G.H., 
Ar i f ,  I .A .  &  Abde laz iz ,  M.E .  (2020) . 

------------------------------------------------------------------------------------------------------------------------------------------------------ 
 

Nigerian Agricultural Journal Vol. 54, No. 2 | pg. 350 
Ano & Ekefan



Piriformospora indica promotes cucumber 
tolerance against Root-knot nematode by 
modulating photosynthesis and innate responsive 
genes. In Saudi Journal of Biological Sciences, 
2 7 , ( 1 ) .  2 7 9  −  2 8 7 .  D O I :  1 0 . 1 0 1 6 / j . 
sjbs.2019.09.007.

Ayyobi, H.,  Olfati, J.A. & Peyvast, G.A. (2014). The 
effects of cow manure vermicompost and 
municipal solid waste compost on peppermint 
(Mentha piperita L.) in Torbat-e-Jam and Rasht 
regions of Iran. In International Journal of 
Recycling of Organic Waste in Agriculture, 3, 147 − 
153. DOI: 10.1007/s40093-014-0077-8. 

Biovision. The Organic Farmer: The Magazine for 
Sustainable Agriculture in East Africa, N119; 
Biovision: Zurich, Switzerland, 2015.

Brandenberger, L., Shrefler, J., Rebek, E. & Damicone, 
J. (2014). Sweetpotato Production. Oklahoma 
Cooperative Extension Service. HLA-6022.

Carter, L. (2021). Is rabbit poop a good fertilizer for the 
garden? Rabbit Care Tips. Retrieved from https:// 
www.rabbitcaretips.com/using-rabbit-poop-as-
fertilizer/

Cervera-Mata, A., Pastoriza, S., Rufián-Henares, J.Á., 
Párraga, J., Martín-García, J.M.  & Delgado, G. 
(2018). Impact of Spent Coffee Grounds as Organic 
Amendment on Soil Fertility and lettuce Growth in 
Two Mediterranean Agricultural Soils. In Archives 
of Agronomy and Soil Sciences, 64,(6), 790 − 804. 
DOI: 10.1080/03650340.2017.1387651.

Chatterjee, R., Bandyopadhyay, S. & Jana, J.C. (2014). 
Evaluation of vegetable wastes recycled for 
vermicomposting and its response on yield and 
quali ty of carrot  (Daucus carota L.) .  In 
International Journal of Recycling of Organic 
Waste in Agriculture, 3, (60), 1 − 7. DOI: 
10.1007/s40093-014-0060-4.

Dairo, F. A. S., Abi, H. M. and Oluwatusin, F. M. (2012). 
Social Acceptability of Rabbit Meat and Strategies 
for Improving its Consumption in Ekiti , 
Southwestern Nigeria. Livestock Research for 
Rural Development 24 (6).

Declaro-Ruedas, M. Y. A., Ruedas, E. G. (2022). 
Influence of  Different  Forms of  Rabbi t 
(Oryctologuscuniculus) Manure on the Growth and 
Yield Response of Onion (Allium cepa) 'RED 
PINOY' VAR. in Magsaysay, Occidental Mindoro. 
International Journal of Science and Research 
(IJSR) ISSN: 2319-7064 SJIF (2022): 7.942.

Elameen, A., Fjellheim, S., Larsen, A., Rognli, O. A & 
Sundheim, L. (2008). Analysis of genetic diversity 
in sweet potato ( Ipomoea batatas  L.)  germplasm 
collection from Tanzania as revealed by AFLP. 
Genetic Resources and Crop Evolution, 55: 397-
408.

Elglaly, A., Sayed, M. & Khalafalla, M. (2021). Effect of 
Furrow Irrigation patterns and manure level on 
potato crop water relationships and some soil 
chemical properties. Archives of Agriculture 
S c i e n c e s  J o u r n a l , 4 ( 3 ) ,  1 6 0 - 1 7 3 .  d o i : 
10.21608/aasj.2021.227147.

El-Mogy, M., Abdelaziz, S.M., Mahmoud, A.W.M. , 

Elsayed, T.R., Abdel-Kader, N.H. & Mohamed, 
M.I.A. (2020). Comparative effects of different 
organic and inorganic fertilizers on soil fertility, 
plant growth, soil microbial community, and 
s t o r a g e  a b i l i t y  o f  l e t t u c e .  A g r i c u l t u re 
(Poľnohospodárstvo), vol. 66, no. 3, pp. 87 – 107.

FAO. (2022). Food and Agriculture Organization of the 
United Nations Statistical Year Book 2022: 
P e s t i c i d e s  U s e   I n :  FA O .  R o m e . 
http://www.fao.org/faostat/en/#data/RP

FAOSTAT. (2021). Food and Agriculture Organization 
of the United Nations Statistical Database; 
Sta t is t ica l  Divis ion;  FAO: Rome,  I ta ly.  
http://www.fao.org/statistics/en/

Faraday, J. (2020). How to use rabbit droppings in the 
garden.  Home & Roost .  Retr ieved from 
https://homeandroost.co.uk/blog/how-to-use-
rabbit-droppings-in-the-garden/  

Federicia, E., Massaccesi, L., Pezzollac, D.,  Fidatia, L., 
Montalbania, E., Proiettib, P., Nasinib, L., Regni, 
L., Scargetta, S. & Gigliottic, G. (2017). Short-term 
modifications of soil microbial community 
structure and soluble organic matter chemical 
composition following amendment with different 
solid olive mill waste and their derived composts. 
In Applied Soil Ecology, vol. 119, 234 – 241. DOI: 
10.1016/j. apsoil.2017.06.014.

Fernández-Hernández, A.,  Roig, A., Serramiá, N., 
Civantos, G.C. & Sánchez-Monedero, M.A. 
(2014). Application of compost of two-phase olive 
mill waste on olive grove: Effects on soil, olive 
fruit, and olive oil quality. In Waste Management, 
3 4 ,  ( 7 ) ,  1 1 3 9  –  1 1 4 .  D O I : 
10.1016/j.wasman.2014.03.027.

Guntara, R., Isnaeni, S. & Rosmala, A. (2020). Growth 
and yield of the pagoda (Brassica narinosa L.) with 
concentration and watering interval of fermented 
rabbit urine on the hydroponic system. In IOP 
Conference Series: Earth and Environmental 
Science, Proceedings of the 3rd International 
Conference on Food and Agriculture, Indonesia, 
7–8 November 2020; IOP Publishing: Bristol, UK.

Gustafson, S. (2016). Inorganic and Organic Fertilizers 
in Nigeria. Food Security Portal. agrodep.org

Hegedűsová, A., Juríková, T., Andrejiová, A., Šlosár, 
M., Mezeyová, I. ,  Valšíková, M. (2016). 
Bioaktívne látky ako fytonutrienty v záhradníckych 
p r o d u k t o c h  ( B i o a c t i v e  s u b s t a n c e s  a s 
phytonutrients in horticultural products). Nitra, 
Slovakia : SPU. 120 p. ISBN: 978-80-552-1546-4. 
(In Slovak)

Hegedűsová, A., Šlosár, M., Mezeyová, I., Hegedűs, O., 
Andrejiová, A. & Szarka, K. (2018). Methods for 
estimation of selected biologically active 
substances. Nitra: SUA.

Hernández, T., Chocano, C., Moreno, J.L. &  García, C. 
(2014). Towards a more sustainable fertilization: 
combined use of compost and inorganic 
fertilization for tomato cultivation. In Agriculture, 
Ecosystem & Environment, 196, 178 – 184. DOI: 
10.1016/j. agee.2014.07.006. 

Hernández, T., Chocano, C., Moreno, J.L. & García, C. 

------------------------------------------------------------------------------------------------------------------------------------------------------ 
 

Nigerian Agricultural Journal Vol. 54, No. 2 | pg. 351 
Ano & Ekefan



(2016). Use of compost as an alternative to 
conventional inorganic fertilizers in intensive 
lettuce (Lactuca sativa L.) effects on soil and plant. 
In Soil and Tillage Research, 160, 14 – 22. DOI: 
10.1016/j. still.2016.02.005.

Hussein, S. M., Jaswir, I., Jamal, P., & Othman, R. 
(2014). Carotenoid stability and quantity of 
different sweet potato flesh colours over 
pos tha rves t  s t o r age  t ime .  Advances  i n 
Environmental Biology, 8(3), 667-671.

Ikeokwu, C.1 & Orji, K.O. (2022). Sweet Potato 
(Ipomoea Batatas L.) Production In Nigeria:  A 
Synoptic Review Of Its Importance, Problems and 
Prospects. Nigerian Journal of Scientific Research, 
21(1): 61-64; January–June; journal.abu.edu.ng; 
ISSN-0794-0319   

Indabo, S. S. & Abubakar, A. A. (2022). Effect of Rabbit 
Urine Application Rate as a BioFertilizer on Agro-
Mophorlogical Traits Of UC82B Tomato 
(Lycopersicon Esculentum Mill)  Variety in Zaria, 
Nigeria Dutse Journal of Pure and Applied 
Sciences 6 (2): 344-352.   

Indabo, S.S. & Abubakar, A.A. (2020). Effect of rabbit 
urine application rate as a bio-fertilizer on agro-
morpholog ica l  t r a i t s  o f  UC82B tomato 
(Lycopersicon esculentum Mill) variety in Zaria, 
Nigeria. Dutse Journal of Pure and Applied 
Sciences.  2020, 6, 344–352.

Islam, S.N., Nusrat, T., Begum, P. & Ahsan, M. (2016) 
Carotenoids and β-carotene in orange-fleshed 
sweet potato: A possible solution to vitamin A 
deficiency. In Food Chemistry, 199, 628-631. DOI:  
https://dx.doi.org/10.1016/j.foodchem.2015.12.05
7

Islas-Valdez, Samira & Lucho-Constantino, Carlos & 
Beltrán-Hernández, R. Icela & Gómez-Mercado, 
René & Jimenez, Angelica. (2017). Effectiveness 
of rabbit manure biofertilizer in barley crop yield. 
Environmental Science and Pollution Research. 24. 
25731-25740. 10.1007/s11356-015-5665-2.

Jata, S.K., Nedunchezhian, M. & Misra R .S. (2011). 
The Triple 'f' (food, fodder, and fuel) Crop Sweet 
Potato [Ipomoea batatas (L.) Lam.]. 
https://magazines.odisha.gov.in/Orissareview/201
1/Dec/engpdf/83-93.pdf

Kelderak, J., Sholihah, S. M. & Muchtar, R. (2020). 
Respon Pertumbuhan dan Produksi Beberapa 
Varietas Ubi Jalar (Ipomoea Batatas L.) terhadap 
Pupuk Organik Kotoran Kelinci. Jurnal Ilmiah 
Respati, 11(2), 128-139.

Kemunto, D., Omuse, E.R., Mfuti, D.K., Tamiru, A., 
Hailu, G., Rwiza, I., Belayneh, Y.T., Subramanian, 
S. & Niassy, S. (2022). Effect of Rabbit Urine on the 
Larval  Behavior,  Larval  Morta l i ty,  Egg 
Hatchability, Adult Emergence and Oviposition 
Preference of the Fall Armyworm (Spodoptera 
frugiperda J.E. Smith). Agriculture 2022, 12, 1282. 
https://doi.org/10.3390/ agriculture12081282

Li, R., Wang, H., Duan, E., Fan, J. & Wang, L. (2022). 
Rabbit Manure Compost for Seedling Nursery 
Blocks: Suitability and Optimization of the 
Manufacturing Production Process. Agriculture 

2022,  12,  2156.  ht tps: / /doi .org/10.3390/ 
agriculture12122156.

Mahmoud, A.W.M., Abdelaziz, S., EL-mogy, M.M.  & 
Abdeldaym, E.A. (2019). Effect of foliar ZnO and 
FeO nanoparticles application on growth and 
nutritional quality of red radish and assessment of 
their accumulation on human health. In Agriculture 
(Poľnohospodárstvo), 65(1):16 – 29. DOI: 
10.2478/agri-2019-0002. 

Mailafia, S., Onakpa, M. M. & Owoleke, O.E. (2010). 
Problems And Prospects Of Rabbit Production In 
Nigeria – A Review. Bayero Journal of Pure and 
Applied Sciences, 3(2): 20 - 25  

Maina, M. (2014). Rabbit Urine Therapy Cuts Coffee 
Farm Costs,ǁ Smart Farmer, Kenya,2014.

Manohan, D. & Wai, W. C. (2012). Characterization of 
Polyphenol Oxidase in Sweet Potato (Ipomoea 
Batatas (L.)). Journal For The Advancement Of 
Science & Arts, 3, (1):14.

Masaji, P. A., Suarta, M. & Sudewa, K. A. (2021). The 
Effect of the Length of Cuttings and the Dose of 
Rabbit Manure on the Growth and Yield of Purple 
Sweet Potato (Ipomoea Batatas L. Poiret). Agriwar 
Journal. 1, (2):  44-50.

Mayura, E. & Idris, H. (2019). Increasing viability of 
cinnamon [Cinnamomum burmanii L.] seed by 
soaking in rabbit urine. In IOP Conference Series, 
Earth and Environmental Science, Proceedings of 
the International Conference of Bio-Based 
Economy and Agricultural Utilization, Indonesia, 
17 September 2019; IOP Publishing: Bristol, UK.

Mbanaso, E.O. (2010). Adoption and disadoption of 
sweet potato; production and processing 
technologies by farmers in South Eastern Nigeria. 
Ph.D. thesis: submitted to School of Postgraduate 
Studies, University of Nigeria, Nsukka. PP1-104.

Meena, M.D., Joshi, P.K., Jat, H.S., Chinchmalatpure, 
A.R., Narjary, B., Sheoran, P. & Sharma, D.K. 
(2016). Changes in biological and chemical 
properties of saline soil amended with municipal 
solid waste compost and chemical fertilizers in a 
mustard-pearl millet cropping system. In Catena, 
v o l .  1 4 0 ,  p p .  1  −  8 .  D O I : 
10.1016/j.catena.2016.01.009. 

Mesa, I. M., Situmeang, Y. P., Wirajaya, A. A. N. M., 
Udayana, I. G. B., & Yuliartini, M. S. (2021). 
Utilization of rabbit manure and biochar chicken 
manure and its effect on the growth and yield of Pak 
Choy plants. In Journal of Physics: Conference 
Series, 1869(1), p. 012045. IOP Publishing. 

Mohanraj, R. & Sivasankar, S. (2014) Sweet Potato 
(Ipomoea batatas [L.] Lam) - A Valuable Medicinal 
Food: A Review. Journal of Medicinal Food, 17 (7), 
7 3 3 - 7 4 1 .  D O I : 
https://dx.doi.org/10.1089/jmf.2013.2818

Montemurro, F., Ferri, D., Tittarelli, F., Canali, S. & 
Vitti, C. (2010). Anaerobic digested and on-farm 
compost application: Effects on lettuce (Lactuca 
sativa L.) crop production and soil properties. In 
Compost Science & Utilization,18(3), 184 − 193. 
DOI: 10.1080/1065657X.2010.10736954.

Nelson, T. (2021). Rabbit manure is the best fertilizer for 

------------------------------------------------------------------------------------------------------------------------------------------------------ 
 

Nigerian Agricultural Journal Vol. 54, No. 2 | pg. 352 
Ano & Ekefan



your garden. The Garden Magazine. Retrieved 
from https://thegardenmagazine.com/rabbit-
manure-is-the-best-fertilizer-for-your-garden/   

Novizan. (2005). Petunjuk Pemupukan yang Efektif 
(Jakarta: Agro Media Pustaka)

Ogbonna, O. I. (2015). Role of Households in Rabbit 
Production in Enugu-North Agricultural Zone of 
Enugu State. Journal of Agricultural Extension. 19 
(1) June, 2015. ISSN 24086851  

Pandey, K. B. & Rizvi, S.I. (2009). Plant polyphenols as 
dietary antioxidants in human health and disease. 
Oxidative Medicine and Cellular Longevity. 2009 
Nov-Dec;2(5):270-8. doi: 10.4161/oxim.2.5.9498. 
PMID: 20716914; PMCID: PMC2835915.

Pardosi. (2014). Respon Tanaman Sawi Pupuk Cair 
Limbah Sayuran Pada Lahan Kering Utisol 
Prosiding Seminar Nasional Lahan Suboptimal. 
Palembang 26-27 September 2014

Parwi, Isnatin, U., Hamawi, M. & Etica, U. (2019). 
Growth and yield of Shallot (Allium cepa L.) to 
response of organic fertilizers and Trichoderma 
asperellum. The 1st International Conference on 
Engineering and Applied Science Journal of 
Physics: Conference Series 1381 (2019) 012004. 
I O P  P u b l i s h i n g  d o i : 1 0 . 1 0 8 8 / 1 7 4 2 -
6596/1381/1/012004

Pisoschi, A.M. & Pop, A. (2015). The role of 
antioxidants in the chemistry of oxidative stress. 
European Journal of Medicinal Chemistry, 97, 
55-74. DOI: 
https://dx.doi.org/10.1016/j.ejmech.2015.04.040 

Pradeepkumar, T., Bonny, B.P., Midhilaa, R., Johns, J., 
Divya, M.R. & Roch, C.V. (2017). Effect of organic 
and inorganic nutrient sources on the yield of 
selected tropical vegetables .  In Scientia 
Horticulturae, vol. 224, pp. 84 − 92.

Prasetya, D. Y. (2021). Application of Rabbit Urine And 
Rabbit Manure To Enhance Peanut Productivity. 
A v a i l a b l e  f r o m 
https://sipora.polije.ac.id/7714/1/04.%20ABSTR
ACT.pdf

Rahardjo, Y. C. & Purwantari, N. D. (2010). Potensi 
Kotoran Kelinci Sebagai Pupuk Organik dan 
Pemanfaatan Pada Tanaman Pakan dan Sayuran 
(Balai Penelitian Ternak).

Rasouli, H., Farzaei, M.H. & Khodarahmi, R. (2017) 
Polyphenols and their benefits: A review. 
International Journal of Food Properties, 20 
( s u p p l e m e n t ) ,  1 7 0 0 - 1 7 4 1 .  D O I : 
https://dx.doi.org/10.1080/10942912.2017.13540
17

Rumbaoa, R.G.O., Cornago, D.F. & Geronimo, I.M. 
(2009) Phenolic content and antioxidant capacity of 
Philippine sweet potato (Ipomoea batatas) 
varieties. Food Chemistry, 113 (4), 1133-1138. 
D O I : 
https://dx.doi.org/10.1016/j.foodchem.2008.08.08
8

Sahel (2014). Why are Agricultural Inputs Important? 
h t t p s : / / s a h e l c o n s u l t . c o m / w p -
content/uploads/2019/05/Sahel-Newsletter-
Volume-6.pdf. Accessed on the 06/03/2023

Sastrawan, M.A, Situmeang, Y. P & Sunadra, K. (2020). 
Pengaruh Dosis Pupuk Kompos Kelinci dan NPK 
Mutiara Terhadap Pertumbuhan dan Hasil Tanaman 
Mentimun (Cucumis sativus L.). Gema Agro, 
25(3): 143-149. 

Schlueter, A.K. & Johnston, C.S. (2011). Vitamin C: 
Overview and Update. Journal of Evidence-Based 
Complementary & Alternative Medicine, 16(1): 
49-57. 
https://doi.org/10.1177/1533210110392951

Shehata, S.A., Abdelgawad, K.F. & EL-mogy, M.M. 
(2017). Quality and shelf-life of onion bulbs 
influenced by biostimulants. International Journal 
of Vegetable Science, 23(4):  362 − 371. 

Situmeang, Y. P, Adnyana, I. M., Subadiyasa, I. N. N., & 
Merit, I. N. (2018). Effectiveness of Bamboo 
Biochar combined with compost and NPK fertilizer 
to improve soil quality and corn yield. International 
Journal on Advanced Science, Engineering and 
Information Technology, 8(5), 2241– 2248. 

Situmeang, Y. P, Sudita, I. D. N. & Suarta, M. (2019). 
Manure utilization from cows, goats, and chickens 
as compost, biochar, and Pos Char in increasing the 
red chilli yield. International Journal on Advanced 
Science, Engineering and Information Technology, 
9 ( 6 ) ,  2 0 8 8 – 2 0 9 5 . 
https://doi.org/10.18517/ijaseit.9.6.10345 

Šlosár, M.,  Hegedűsová, A., Hegedűs, O., Mezeyová, I. 
& Timoracká, M. (2020). The effect of cultivar on 
selected quantitative and qualitative parameters of 
sweet potatoes (Ipomoea batatas L.) grown in the 
Slovak Republic. Journal of Central European 
Agriculture, 2020, 21(2), p.344-353.

Sugri, I., Maalekuu, B. K., Kusi, F. & Gaveh, E. (2017). 
Quality and shelf-life of sweet potato as influenced 
by storage and postharvest treatments. Trends in 
Horticultural Research, 7: 1-10.

Tang, Y., Cai, W. & Xu, B. (2015). Profiles of phenolics, 
carotenoids and antioxidative capacities of thermal 
processed white, yellow, orange, and purple sweet 
potatoes grown in Guilin, China. Food Science and 
Human Wel lness ,  4  (3) ,  123-132.  DOI: 
https://dx.doi.org/10.1016/j.fshw.2015.07.003

Udoh, O. E., Essien, O. A., Umoh, F. O., Etukudoh, N. E 
& Umoren, I.M. (2021). AKSU Journal of 
Agriculture and Food Science 5(3) 117-125. ISSN: 
2695-2556.

United States Environmental Protection Agency. 
(2023). https://www.epa.gov/npdes/animal-
feeding-operations-uses-manure. Accessed on the 
07/03/2023.

Varga, M. (2014). Rabbit Basic Science. Textbook of 
Rabbit Medicine. 2014: 3–108. 10.1016/B978-0-
7020-4979-8.00001-7

W o l f e ,  K .  ( 2 0 2 0 ) .  A n i m a l  M a n u r e . 
https://s3.wp.wsu.edu/uploads/sites/2073/2020/1 1
/Animal-Manure-in-the-Garden.pdf

------------------------------------------------------------------------------------------------------------------------------------------------------ 
 

Nigerian Agricultural Journal Vol. 54, No. 2 | pg. 353 
Ano & Ekefan


	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

