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ABSTRACT
Common bean (Phaseolus vulgaris L.) is important legume crop for food and nutritional
security in Kenya. Low yields are obtained in small holder farms, and this is majorly
because of declining soil fertility. The use of inorganic fertilizer to replenish lost nutrients
is limited because of rising costs. The aim of the study was to investigate the effect of
cattle manure combined with foliar sprays of blackjack (Bidens pilosa L.) and comfrey
(Symphytum officinale L.) extracts on nutrient uptake, growth, yield and nutritional quality
of common bean. A 4 x 6 factorial experiment in a randomized complete block design
(RCBD) with 3 replicates, was conducted in Egerton university’s research Field 7. There
were four fertilizer levels: cattle manure, applied at 0, 5, 10 t ha, and NPK (27-27-27)
fertilizer applied as a positive control at rate of 148.15 kg ha™™. Six foliar spray treatments
were used: no spray (control), comfrey spray applied once (C1) or twice weekly (C2),
blackjack spray applied once (B1) or twice (B2) weekly and commercial Easy Grow spray
(EG) (positive control), applied every 14 days at the rate of 3 kg ha™X. The experiment was
repeated two times consecutively, from June 2024 to December 2024. Soil samples were
collected before the experiment was set up for analysis texture, moisture content, N, P, K,
OC, pH and CEC. Plant tissue were collected at R1(flowering stage) for analysis of
nutrient uptake. Data on growth which included height, number of branches, biomass, pod
number, days to flowering and days to pod set were collected. Data on yield parameters,
such as harvest index, hundred seed weight, yield per ha, and protein content in seeds
were collected at harvest. The Shapiro-Wilk test was used to ascertain the normality of
data. Analysis of variance was performed using Proc GLM in Statistical Analysis
Software (SAS). Tukey’s Honestly Significant Difference was used to compare the means
at p<0.05. Treatment M2 (10 t ha') of manure produced plant tissues with high N content
of 24.87% while the control (MO0) had the lowest, 19.37%. For foliar spray, FO (no foliar
spray) produced plant tissues with lowest N content, 19.29% but B2 (Black jack twice a
week) had the highest N, 23.95%. In addition, M2 produced highest yield (1652.31 kg ha’
1y compared to the control (M0) which had the lowest yield 1016.05 kg/ha™. For foliar
sprays, C2 (comfrey twice a week) produced the highest yield (1669.77kg ha) while no
foliar spray (FO) had the lowest yield (1041.04 kg ha*). The combination of M2 and C2
produced the maximum yield (2373.88 kg ha™"), which can be recommended for common

bean production.
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CHAPTER ONE
INTRODUCTION
1.1 Background Information

Common bean (Phaseolus vulgaris L.) is a crucial legume plant globally
(Cortinovis et al., 2021; Nadeem et al., 2021). In Kenya, common bean plays a vital role
in food and nutrition security for many Kenyan households and stands as an important
dietary staple, particularly among low-income populations (Gondar, 2021). The plant is
valued for its protein, fiber, vitamins and minerals (Keller et al., 2020). Its ability to
adapt to different climates and soils renders it a sustenance and economic stability to
farmers.

The largest producer of common beans worldwide was Myanmar with a
production volume of over 6.59 million metric tons in 2023 (FAOSTAT, 2023). The
estimated average production of common beans in Kenya, 2023 was 610,000 metric
tons, with a mean vyield of 0.6 tons per hectare (Tabara, 2023). Approximate of 1.5
million smallholder farmers grow common beans across one million hectares, primarily
in the Rift valley, eastern , and Lake Victoria regions (Duku et al., 2020). Common
beans’ national consumption is projected around 755,000 metric tons annually and leads
to a supply deficit of about 145,000 metric tons (Muteti et al., 2022).

Despite its nutritive importance, growing common bean faces difficulties from
several biotic and abiotic factors (Diaz et al., 2018). According to Nadeem et al. (2019)
its productivity and quality are often hindered by abiotic constraints such as drought and
poor soil fertility particularly low phosphorus, potassium and nitrogen availability. Low
soil fertility positions a significant challenge to common bean production in Kenya
(Okumu et al., 2018). The exhaustion of essential nutrients in soil, particularly nitrogen
and phosphorus, delays the crop growth and causes low yields among smallholder
farmers in the country (Lone et al., 2021; Pasley et al., 2019) and harm nutritional
quality of the harvested beans (Karavidas et al., 2022a). Limited or none application of
external inputs by smallholder farmers in Kenya also contributes to the depletion of soil
nutrients (Amann et al., 2021).

To solve the challenge of the soil infertility and advance the productivity as well
as the resilience of common bean in Kenya, researchers and agricultural extension
facilities have been actively emerging and promoting sustainable agricultural practices
(Tadele, 2017). The solutions include foliar application of organic inputs, as discussed
by Elzaawely et al. (2017) and Mashamaite et al. (2022). The effect of foliar application
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of Moringa (Moringa oleifera) leaf extract (MLE) on common bean and maize yield has
been noted where the researchers sprayed different concentrations of MLE onto bean
and maize crops and measured their growth and yield parameters. Results showed that
foliar application of MLE significantly improved crop yield and quality. Definitely, the
highest rate of moringa application resulted in the highest yield, with maize exhibiting
a yield increase of 128% and common beans displaying an increase of over 100 %.
Beans treated with MLE showed increased vegetable growth, distinguishable
biochemical qualities, and higher yield compared to plants without treatments.

Comfrey (Symphytum officinale L.) also proves positive efficacy as a plant extract
for foliar spray in organic farming, particularly in escalating plant growth and
development. As revealed in a study by Godlewska et al. (2019), the application of
comfrey extract resulted in significant enhancement in the length of shoots and roots, as
well as wet and dry biomass of cabbage compared to untreated groups. Comfrey extracts
likely lifted the bioavailability and protects the activity of compounds present in
biomass, suggesting its efficacy in adding active compounds to the plant (Furber, 1982).
While extra research is required to characterize its chemical composition completely
and recognize its molecular mechanisms, comfrey extract proves sustainable potential
as a feasible bio stimulant for boosting plant growth and yield in organic agriculture
practices (Godlewska et al., 2019b). Once combined with other methods, such as
nitrogen-fixing legumes in crop rotations, it can successfully contribute to greater yields
(Snapp, 2017).

According to Khasabulli et al. (2018) Bidens pilosa improved the quality of green
manure due to its allelopathic properties. This study shows that when included into the
soil, the fresh leaf biomass of B. pilosa significantly enlarged the shoot height, leaf
number, and leaf area of Amaranthus dubius crops. The allelopathic effects of B. pilosa
when applied in the soil, can also conquer weeds emerging, making it a valuable green
manure for sustainable crop production (Valifio et al., 2023). Furthermore, black jack
leaf extracts possess weed and fungus-suppressing qualities which mitigate nutrient
competition and pave the way for optimized nutrient uptake by common bean plants
(Deba et al., 2007).

Though its nutrients are released gradually through mineralization procedures in
the soil, cattle manure is a useful source of nitrogen, phosphorus, potassium and other
micronutrients. The immediate nutrient availability to crops may be restricted by this
slow release, particularly during the times of high demand as the nitrogen mineralization
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is very low in organic manure ( Eckhardt et al., 2016). Combining foliar sprays of
blackjack and comfrey with cattle manure treatments helps to overcome this limit. Foliar
sprays extend a rapid and an active way for nutrient to be absorbed by the leaves,
addressing nutrient scarcity in a short period of time (Patil, 2018). This method improves
crop health and productivity more efficiently than either technique alone by using the
foliar spray to provide quick nutritional correction and the slow continuous nutrient
input from manure to keep long -term soil fertility. Moreover, the study aims not only
sustain the productivity and nutritional quality of common bean crops but also to
upgrade food security and prosperity for Kenyan households. By improving the critical
aspect of nutrient management, specifically focusing on nitrogen, phosphorus and
potassium levels in the soil, the study aimed to pioneer a transformative approach using
three natural remedies: comfrey (Symphytum officinale L.), blackjack (Bidens pilosa L.)
leaf extracts and cow manure.
1.2 Statement of the Problem

Common bean (Phaseolus vulgaris L.) is the most broadly consumed in East
Africaregion. In Kenya, it is a major source of proteins, especially for resources- limited
families. Low yields, however, continue in smallholder farms. This is mainly due to
deficiencies of nitrogen, potassium and phosphorus in soils. Inorganic fertilizers are
typically not applied directly to beans. In contrast, farmers usually apply fertilizers to
associated crops, except in cases where beans are intercropped with them. This method
rises up due to numerous reasons, including the high costs associated with inorganic
fertilizers and the precise nutrient requirements of other crops. Consequently, common
beans often face nutrient deficiencies, leading to a prominent yield gap between the
potential (2.5 t ha*) and actual yield (1.2 t ha*). Additionally, the adverse effects of
synthetic fertilizers on human health and the environment highlight the urgent need for
alternative soil enrichment methods in bean cultivation. However, there is insufficient
knowledge regarding combined effects of cattle manure and foliar sprays of comfrey
and blackjack extracts on growth, nutrient uptake, nutritional quality and yield of
common bean. In this study cattle manure was used in combination with extracts of
comfrey and blackjack to enhance nutrient uptake, nutritional quality, growth and yield

of common bean



1.3 Objectives
1.3.1 Broad Objective

The broad objective of the study was to contribute to food and nutritional security
in Kenya by enhancing common bean (Phaseolus vulgaris L.) production through
application of cattle manure and foliar sprays of blackjack (Bidens pilosa L.) and
comfrey (Symphytum officinale L.) leaf extracts.
1.3.2 Specific Objectives

The specific objectives of the study were:

. To determine the effect of cattle manure combined with foliar sprays of
blackjack (Bidens pilosa L.) and comfrey (Symphytum officinale L.) leaf extracts on
nitrogen, phosphorus and potassium uptake by common bean.

ii. To determine the effect of cattle manure combined with foliar sprays of
blackjack ( Bidens pilosa L.) and comfrey ( Symphytum officinale L.) leaf extracts on
the growth, yield and nutritional quality of common bean.

1.4 Hypotheses
The hypotheses postulated for the study were:

i. Application of cattle manure combined with foliar sprays of blackjack
(Bidens pilosa L.) and comfrey (Symphytum officinale L.) leaf extracts have no
significant effect on nitrogen, phosphorus and potassium uptake by common bean.

ii. Application of cattle manure combined with foliar sprays of blackjack
(Bidens pilosa L.) and comfrey (Symphytum officinale L.) leaf extracts have no
significant effect on growth, yield and nutritional quality of common bean.

1.5 Justification of the Study

The research discoveries from the study on balanced fertilization strategies for
common bean production offer a transformative opportunity to empower smallholder
farmers and enhance agricultural sustainability as common beans are the major source
of proteins in poor families who cannot access animal proteins in Kenya. Farmers can
optimize common bean yields, reduce environmental impact, and improve soil health
by developing and implementing this fertilization strategy which is delivered from
organic sources. This approach has the capacity to reduce the production cost and
stabilize bean production in Kenya as it offers a pathway to reduce the dependence on
costly synthetic fertilizers. Including nutrients from organic sources, farmers can
potentially reduce the production costs while promoting environmentally aspects and
agronomic systems that diminish pollution and sustain soil health. Since these plants are
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mostly taken as weeds on farms, farmers do not pay planting costs, allowing them to
foster their availability for nutrient-rich foliar sprays. Cattle manure which is estimated
approximately $15 per ton contain desired nutrients; for instance, solid cattle manure
typically provides about 5,000 grams of nitrogen, 3,600 grams of phosphorus, and 5,900
grams of potassium per ton (Toungos et al.,2019). On the other hand, for optimum crop
yield, NPK 27-27-27 fertilizer which costs about $150 per hectare when using 300 kg
is required, whereas easy grow fertilizer is around $19 per kg, with an optimal
application of just 2-5 kg per hectare, this make these organic sourced amendments more
economically valuable.

The limitations associated with synthetic fertilizers, for example environmental
degradation and soil nutrient depletion are addressed in this ecological fertilization, with
maximizing the bean yield and nutrition in Kenya. The study contributes to achieve
SDG 2: Zero Hunger by increasing the productivity and nutrition content of common
beans. Through elevation of nutrient absorption and yield, the study intended to upsurge
food security mostly for limited resources Kenyan households. Additionally, it supports
SDG 3: Good Health and Well-Being by expanding the use of alternatives to synthetic
fertilizers. This strategy diminishes the adverse effects of chemical inputs on human
health and the environment contributing to a better and more sustainable food system.
Besides, the study aligns with SDG 12: responsible consumption and production
through promoting agricultural practices which are sustainable as they utilize natural
resources efficiently. To conclude, the study’s emphasis on improving soil fertility and
nutrient management through organic amendments contributes to SDG 15: life on land
by supporting the protection, restoration, and sustainable use of terrestrial ecosystems.
1.6 Definition of Terms

Cattle manure: Well-decomposed cattle dung used as an organic fertilizer to
improve soil.

Foliar spray: A fertilizer solution applied directly to the leaves of plants through
spraying to enhance nutrient uptake and promote growth.

Extracts: a liquid solution obtained from plant materials such as comfrey and

blackjack used as foliar spray in this study.



CHAPTER TWO
LITERATURE REVIEW

2.1 Classification and Botany of Common Bean

Common bean (Phaseolus vulgaris L.) is an annual plant categorized as either
bush beans or climbing beans depending on their growth habits, with different varieties
falling into these classifications (De Ron et al., 2015). Botanically common beans,
scientifically known as Phaseolus vulgaris belongs to Plantae kingdom, the order is
Fabales, family Fabaceae, and the Subfamily is Faboideae.
2.2 Origin of Common Bean

Common bean, has its origin in Mesoamerica, particularly in Mexico (Bitocchi et
al., 2012). Initially, there was debate about whether the common bean originated in the
Peruvian—Ecuadorian region or Mexico (De Ron et al., 2016). However, recent genetic
analyses have clarified that the common bean was first domesticated in Mexico before
splitting into the Mesoamerican and Andean gene pools. This domestication process
began around 8000 years ago, leading to the development of two distinct gene pools for
the common bean (Ron Pedreira et al., 2016).
2.3 Economic Importance of Beans

Common bean ranks as the most extensively cultivated grain legume, followed
by soybean and ground nut for oilseed and grain legumes collectively (Patel, 2019).
Worldwide, beans are cultivated on every continent except Antarctica (Jones, 2021).
Beans particularly the common bean, play a significant role in the global economy
(Carbas et al., 2020a; Kan et al., 2017). The global bean harvest (18.9 million tons) has
an estimated annual economic value of approximately US$11 billion, underscoring its
substantial economic impact (Moreira et al., 2020). The economic importance of beans
is further emphasized by their role in providing income to farmers, contributing to the
agricultural economy of regions where they are grown.

In Kenya, beans are the most widely grown pulse plant, cultivated by about 2
million smallholder farmers on approximately one million hectares, making Kenya the
largest bean producer by area in Africa and ranking seventh globally (Kenya National
Bureau of Statistics, 2024; Stats Kenya, 2024). However, average yields remain low at
about 492 kg/ha, well below the crop’s yield potential (2.5t/ha) under optimal conditions
(Economic survey, 2023). In 2023, the value of beans was Ksh 113 billion, the second
after maize in Kenya’s food plant economy, underscoring their economic importance

(Kenya National Bureau of Statistics, 2024; Stats Kenya, 2024).
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2.4 Chemical Composition of Common Beans

Common bean has an essential role in addressing food security and meeting
dietary needs, especially in Latin America and sub-Saharan Africa where it serves as
staple food (Catarino et al., 2021). Beans are taken as vegetables (leaves and pods) and
dry seeds. They are often called the "poor man’s meat” due to their accessibility and
high protein content, making them an easy source of nutrition for people with low
resources (Loko et al., 2018a). According to Alcézar et al. (2020), chemical composition
of common bean includes various nutrient and phytochemicals. Common beans are rich
in nutrients such as carbohydrates (60-70%), proteins (15-30%), crude fiber (5-7%),
crude ash (4-5%), and crude fat (2-3%) (Jepleting et al., 2022) and they encompass non-
nutrient phytochemicals like flavonoids, tannins, and phytates, which have healthy
benefits such as minimizing the hazards of aging-related diseases (Santos et al., 2020).
According to Kan et al. (2018) and Ramirez et al. (2018), common beans denotes an
exceptional gluten-free food and they are also an everyday staple in plant-based diets
recently identified by the Intergovernmental Panel on Climate Change (IPCC) as
advocates of climate change mitigation by lowering meat consumption and its
concomitant production costs (IPCC Climate Change and Land Report, August 2019).

Common bean holds complex carbohydrates, folic acid, iron, magnesium,

copper, potassium, zinc and other essential dietary elements (Banti & Bajo, 2020;
Carbas et al., 2020b; Hoque et al., 2023; Messina, 2014). It is an affordable and plentiful
source of dietary fiber, vitamins, phenolic acids, flavonoids, and protein (Carbas et al.,
2023). Their protein boast outstanding digestibility and are gluten-free, aiding in
cholesterol reduction and diabetes management (Keskin et al., 2022). Common beans'
phenolic composition contributes to various advantages such as lowering cancer and
heart disease risks, along with antioxidant and anti-inflammatory effects (Singh et al.,
2017). Additionally, phenolic acids and flavan-3-ols in beans reduce digestive tract
disease risks and their starch content lowers the glycemic index, mitigating chronic
disease risks, and increases satiety for those with metabolic syndromes (Carbas et al.,
2020).
2.5 Common Bean’s Growth Requirements and Challenges
2.5.1 Environmental and Nutrient Requirements for Common Bean in Kenya

Common beans same as other many crops desire well-drained, slightly acidic
loams with decent organic matter content, thriving best in soils with a pH of 5.5-6.8
(Savita, 2023), although they can adapt to a wider range of soil types with appropriate
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management. The major production zones in Kenya include Central Regions (Embu,
Meru), Western Regions (Bungoma, Kakamega), Nyanza Regions (Kisii, Nyamira), and
Eastern Regions (Machakos, Kitui) (Recha, 2018). Common bean needs specific
nutrient requirements to attain ideal yields, principally, the main nutrients are macro
nutrients which are nitrogen (N), phosphorus (P), and potassium (K). For nitrogen, the
estimate of 40 to 80 kg N per hectare is required (Garcia et al., 2020), exclusively in
soils which are poor in nitrogen content to support their growth and enhance yield
potential as beans are capable to fix nitrogen. For phosphorus, research proposes that
the quantity of 30 to 40 kg P205 per hectare is also recommended for optimum yield,
as phosphorus is pivotal for root development and effective nitrogen fixation (Chekanai
et al., 2018). The last macro nutrient needed is potassium which is nearby 30 to 60 kg
K20 per hectare, which supports overall crop health through enhancement of crop
resistance to diseases (Garcia et al., 2020).
2.5.2 Challenges in Common Bean Production

The production of common bean faces a number of challenges and constraints
that affect both yield and quality. The challenges include the insects’ outbreak that
lower crop vigor and grain quality and diseases for instance, angular leaf spot, common
bacterial blight, anthracnose, and root rots (Girma et al., 2022). The abiotic factors such
drought stress, weed competition, uneven distribution of rainfall, and deteriorating soil
fertility also affect production negatively (Muteti et al., 2022). Insufficient technical
assistance, restricted access to improved seed varieties, and poor agronomic practices
are further constraints. Production and commercialization are further hindered by
socioeconomic problems like ineffective extension services, price volatility, excessive
input costs, a lack of finance, and inadequate market ties.
2.6 Russian Comfrey (Symphytum officinale)
2.6.1 Importance and Ways of Application of Comfrey

Russian Comfrey (Symphytum officinale L.)is a perennial herbs ( Fig.1)
belonging to the Plantae kingdom, Eudicot class and Boraginaceae family mainly grown
in moderate moist areas (Salehi et al., 2019). Due its nutritional value it is found under
the same class as Lucerne (Hills, 2011). Since it belongs to the Boraginaceae family, it
is shielded from the nematode and viral infections that bother many modern plants
(Teschke et al., 2021). Comfrey fertilizer is a nutrient-rich organic fertilizer made from
its leaves that provides essential nutrients for plants. Comfrey is highly esteemed for its
capacity to gather essential nutrients such as nitrogen, phosphorus, potassium, and trace
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elements from the depths of the subsoil (Oster et al., 2021), rendering it a prized
reservoir of plant nourishment. This makes comfrey an excellent nutrient accumulator.
Making comfrey extract fertilizer entails the collection of fresh comfrey leaves,
immersing them in water for multiple weeks until they undergo decomposition and
transform into a dense liquid.

Comfrey fertilizers can be produced and applied in several ways to maximize their
nutrient-rich benefits. One traditional method involves anaerobically fermenting
comfrey leaves in water for several weeks to create a potent liquid fertilizer rich in
nutrients. For a quick homemade option, blending fresh comfrey leaves with hot water
and using the resulting liquid as a fertilizer drench near plants is effective and comfrey
leaves can also be spread as mulch around plants for slow nutrient release or added to
compost to enhance its nutrient content and speed up decomposition (Bolcer, 2020).
2.6.2 Comfrey Extract Production Procedures

Like other plant extract, comfrey extract production involves steeping comfrey
leaves in water to generate a liquid fertilizer with abundant nutrient beneficial to crops
(Joe et al., 2017). To guarantee the effectiveness of produced comfrey extract, it is
advisable to utilize water without chlorine in brewing process (Hinke, 2022).
Commonly, chlorine is found in tap water, and it is dangerous to the microorganisms
like bacteria and fungi essential in decomposition of plant material and nutrients release.
To maintain microbial activity and ensure a successful production of extracts, it is
recommended to use non-chlorinated water such as rainwater, distilled, or de-
chlorinated tap water.

Comfrey extract production includes the harvest of comfrey leaves before they
develop flower and the soaking the collected leaves in water in the ratio of 1.5 for several
weeks. Before application to crops, the extracted solution must be strained and diluted
(Cresswell, 2019). The production time can vary based on environmental conditions, as
the hot places take shorter brewing period of around 3 weeks compared to colder regions
where it may take up to 6 weeks foe the extract to be ready for use. Dilution of the
extract done by adding water at a ratio of 1:10 before spraying it onto crops to ensures
optimal distribution and effectiveness across the cultivated area (Fryd, 2023). The
nutritional composition and water quality parameters of liquid manures made from
Russian comfrey (Figurel), pig weed, and water hyacinth plants are contrasted in the

table below with water as a control (Tablel).



Table 1: Chemical Composition in Water Hyacinth, Pig weed and Water Vs

Russian Comfrey

Water Pig weed Russian Tap water
Hyacinth Comfrey (as the control)

pH 6.7 6.8 7.8 6.8

TDS  980+40 1844+20 972+88 91

%N  3.72+0.33 1.54+0.37 2.90£0.1 0.00

%P  2.86+0.41 2.98+0.24  2.94+0.05 0.00

%K  2.89+0.02 2.01+0.4 3.90+0.06 0.00

%S  0.91+0.21 0.70+0.34  1.60+0.34 0.05

%Mg 0.08+0.02 0.16+0.03  0.08+0.02 0.00

%Ca 0.06+0.01 0.38+0.11  0.06+0.03 0.00

%Zn 0.05+0.01 0.05+0.01  0.04+0.02 0.05

Source: Govere et al. (2011) Key: TDS= Total Dissolved Solids, N= Nitrogen,

P= Phosphorus, K= Potassium, S=Sulphur, Mg=Magnesium, Ca= Calcium, Zn= Zinc

Figure 1: White comfrey, Symphytum officinale (Pavlis, 2016)

2.7 Importance of Incorporating Blackjack in Foliar Spraying Liquid Manure

The black jack (Bidens pilosa L.)(Fig.2) originates in South America (Mtenga &

Ripanda, 2022), and has now spread to every tropical and subtropical region on Earth.



Figure 2:Blackjack, Bidens Pilosa

Table 2: Macro and Micro Elements in Bidens Pilosa Comparing to Chenopodium album

Macro and micro elements (mg/100g Bidens pilosa

Chenopodium

d.w.) album
Magnesium 0.640 0.719
Calcium 1.971 2.172
Potassium 3.285 6.938
Phosphorus 0.519 0.317
Sodium 0.053 0.370
Iron(ppm) 986 255
Zinc 51 50
Copper 24 13
Manganese 115 118
Total Kjeldahl nitrogen 3.05 4.23

Source: Adedapo et al. (2011)

Black jack, with its nutrient content and miscellaneous biochemical composition
(Table 2), holds significant promise for improving plant health and yield when
incorporated into foliar spray liquid manure. Its crucial nutrient like polyphenols and
flavonoids not only increase the grade of the foliar sprays but also partakes antioxidant
properties vital for plant resilience (Ramabulana et al., 2020). Additionally, bioactive
compounds such as alkaloids, tannins, and flavonoids found in black jack can further
boost plant growth and defense mechanisms (Mboya, 2018). The presence of
sesquiterpenes and polyacetylenes in its chemical composition adds to its potential
multifaceted benefits, promoting overall plant health and stress tolerance. The inclusion
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of Bidens pilosa in green manure to be utilized as a foliar spray is beneficial due to its
potential as a natural herbicide (Reyes-Ardila et al., 2024). The plant's extracts have
been shown to exhibit phytotoxic action against various weeds, including Bidens pilosa
itself, as well as antifungal activity against phytopathogens (Mtenga & Ripanda, 2022).
2.8 Importance of Foliar Spray

Foliar spraying is an important technique for delivering essential nutrients directly
to plants' leaves, providing several key benefits. Foliar uptake of nutrients is much faster
than root uptake, allowing for rapid correction of deficiencies and boosting plant growth
(Patil, 2018). Besides, foliar fertilization is more efficient than soil application because
chelated nutrients are fully plant-available, resistant to leaching, and environmentally
friendly by reducing nutrient losses (Alshaal & El-Ramady, 2017). Foliar sprays can
improve plant growth and plant quality, manage the nutritional status of plants, enhance
disease resistance, and regulate nutrient deficiencies, especially in medicinal and
aromatic plants (Shahrajabian, 2022).The dosage required for foliar application is often
lower than soil fertilization, yet it can lead to significant yield increases of 30-40% in
some case (Dimka, 2013).
2.9 Cattle Manure

Cattle manure is a valuable organic fertilizer for common beans, offering several
benefits. It improves soil structure and fertility by increasing water-holding capacity and
aeration, allowing for better root growth and water absorption (Musaninkindi, 2013).
Additionally, manure contains macro- and micro-nutrients that promote plant growth
and development, including nitrogen, phosphorus, and potassium (Table 3). The
nitrogen content in Cattle manure is particularly beneficial for common beans, as it
supports leaf growth and development (Basdemir et al., 2022a). However, its slow
nutrient release and low nitrogen content must be considered, as over-application can
lead to over-fertilization and potential environmental issues (Brummerloh & Kuka,
2023). Over-fertilization can cause nutrient imbalances, leading to reduced yields and
decreased plant health. Moreover, excessive nitrogen levels in soil can contribute to
eutrophication and water pollution (Tiwari & Pal, 2022). Some studies provide evidence
that Cattle manure application rates in the range of 5-10 t/ha can significantly improve
legume plant yields compared to control treatments without manure (Upenji et al.,
2020). In addition, research carried out in the Democratic Republic of Congo found that
applying 5 t hal of Cattle manure significantly improved common bean yields,
highlighting the importance of optimal application rates (Upenji et al., 2020).
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Table 3: Chemical Composition of Cattle Manure

Nutrient component

% composition

Total N (%)

P (%)

K (%)

S (%)

Zn(mg/kg)

Total carbon (%)
Lignin (%)
Cellulose (%0)

0.73
0.18
0.71
0.58
16

25.9
13.8
38.3

Source: Ghosh et al. (2004)
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Description of Experimental Site

The study was carried out in Field 7 research field, situated within Egerton
University's Njoro campus in Kenya (Figure 3) in the Rift Valley region of Nakuru
County, Njoro. The latitude of the University is 0.1801° S and the longitude is 35.9718°
E. The region is situated at an elevation of roughly 2,238 meters above sea level. About
1200 mm of rain falls on average each year and its distribution is bimodal, with short
rains occurring from October to December and long rains from April to June. Because
of the high elevation, the temperatures are generally mild all the year, its average range
is between 10.2°C and 22.0°C (Taiy, 2017). The soils at the experimental site consist of
well-drained, dark reddish clays that are classified as mollic Andosols (Agutaa, 2015).
The field experiment was conducted two times consecutively; starting from June 2024
to December 2024.

35°550°E 35°55°30°E 35°56'0°E 35°56'30°E
i r h 1

0°22'0"S+ [F0°22°0"S

0°22°30"S F0°22'30"S
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- == Campus roads Tatton Farm D Egerton University

™’ § Ksometers
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Figure 3: Map of Egerton University
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3.2 Experimental Materials
3.2.1 Test Plant

Nyota bean, a popular common bean variety in Kenya, was used in the study. It
is known for its exceptional taste, versatility, and high nutritional value. The variety was
bred by the Kenya Agricultural and Livestock Research Organization (KALRO)
specifically for the Kenyan market (Muoki & Goldstein, 2022a). Nyota beans are
typically determinate, meaning they have a more compact growth habit and stop
growing once they reach a certain size (Odongo, 2022.). Nyota beans are usually
mottled or speckled in color, often brown or red. They generally mature in about 70-90
days, depending on environmental conditions. Nyota beans are known for their high
yield potential, making them a popular choice among farmers. The yield of Nyota beans
typically ranges from 1400 to 2200 kg per hectare (Muoki & Goldstein, 2022b), which
is approximately 6 to 10 bags (90 kg each) per acre. Under optimal conditions, some
farmers have reported yields of up to 12 bags per acre. The seeds were sourced from
Agro science park, Egerton university.
3.2.2 Analysis of Cattle Manure

Cattle manure was analyzed for organic carbon, nitrogen, phosphorus, potassium,
and moisture content. The process began by collecting cattle manure from farms at
Egerton University, then drying the manure in an oven for 24 to 48 hours at 75 °C. The
target moisture content after drying was around 10% to 20%, ensuring optimal nutrient
concentration and stability for effective use as organic fertilizer. The dried manure was
kept in a dry and blowy zone to stop fungus development and uphold its quality. Total
nitrogen was analyzed by using the Kjeldahl method at soil science laboratory belonging
to Crops, Horticulture and Soils department. The method involved digesting the sample
in sulfuric acid to translate nitrogen into ammonium sulfate, subsequently distillation
and titration to ascertain the nitrogen percentage in manure (Lithourgidis et al., 2007).
The total phosphorus content in cattle manure was calculated with the molybdenum blue
method which involved digesting the sample to alter forms of phosphorus into
orthophosphate. The orthophosphate then reacted with ammonium molybdate and
ascorbic acid which formed a blue complex. The strength of the resulted blue color was
estimated using a UV-Vis spectrophotometer at a wavelength of 420 nm, and it was
comparative to the concentration of phosphorus in in the manure (He et al., 2003). The
potassium in cattle manure was determined by means of the ammonium acetate method,

the sample was mined through ammonium acetate solution, and then the removed
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potassium was quantified by using an Atomic Absorption Spectrophotometer (Bazargan
et al., 2022). The Walkley-Black method was employed for organic carbon present
(Enang et al., 2018). Also, the moisture content in manure was computed by drying
200g of the cattle manure in an oven at 105°C till a constant weight was reached. The
change in weight before and after drying represented the moisture content.
3.2.3 Preparation and Analysis of Content of Comfrey and Blackjack Extracts

Fresh leaves from comfrey (Symphytum officinale L.) grown in field 7, and
blackjack (Bidens pilosa L.) present in the fields at Egerton University were collected
at vegetative stage. The extracts from the plants were prepared in separate buckets using
a proportion of 1 kg of comfrey and 5 litres of non-chlorinated water, and 1 kg of
blackjack leaves and 5 litres of non-chlorinated water (Rozie, 2022). The mixtures were
stirred every 1-2 days. After 1-3 weeks, when no more foam formed during stirring, the
extracts was ready for use (Mahaffee & Scheuerell , 2002). Since 1 kg of leaves was
mixed with 5 litres of water, the resulting concentration was 0.2 kg/L. Before
application, the liquid was sieved, then 1 litre of this resulting solution was diluted with
10 liters of water, increasing the total volume to 11 litres. Since 1 litre of the original
solution contained 0.2 kg of leaves, the final concentration after dilution was calculated
as 0.2 kg divided by 11 litres, resulting in a final concentration of approximately 0.01818
kg/L for each extract. For spraying on an entire hectare of common beans,
approximately 200 kg of comfrey leaves and 200 kg of blackjack leaves were needed to
prepare nutrient-rich solutions (foundations for farming). The nutrient content of
comfrey and black jack extracts were analyzed from 0.3 ml sample. The same methods
as those used for cattle manure analysis were used in the analysis of nitrogen,
phosphorus and potassium content of the extracts (section 3.2.2). The pH was analyzed
using a pH meter.
3.3 Soil Preparation and Planting

Prior to the start of the rainy season, land management activities such as
ploughing and harrowing were undertaken. Bean seeds were planted at a spacing of 50
cm between the rows and 20 cm between the plants on the same row. Each plot had 40
plants, while for the whole hectare, the estimation was about 100,000 plants. Planting
was carried out manually, with seeds being sown at a depth of 2.5 cm. After sowing, the
seeds were lightly covered with soil. Weeding commenced two weeks after the seeds

had emerged, followed by second weeding three weeks later.
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3.4 Experimental Design and Treatments

The field experiment was conducted at Field 7 research fields of Egerton
University, from June to December 2024, using a 4x6 factorial design implemented in
a randomized complete block design (RCBD). The experiment was repeated two times,
consecutively, without regard to season. The individual plot size was 2 m x 2 m, with
blocks and plots separated by 1 m and 0.5 m respectively (Figure 4). The factors
included fertilizers applied directly to the soil during planting and foliar feeds applied
through spraying. Four fertilizer treatments were used: no cattle manure (negative
control), 5 tonnes ha™ (50 g per hole), cattle manure, 10 tonnes ha™ (100 g per hole),
cattle manure, and NPK fertilizer, at a rate of 148.15 kg ha™! as a positive control (Table
4). Foliar sprays treatments were: two leaf extracts-Symphytum officinale (Comfrey) and
Bidens pilosa (Blackjack), were applied at different frequencies (once and twice per
week), along with a positive control consisting of Easy Grow (Easy Grow vegetative
NPK ratio of 27:10:16 and Easy Grow fruit and flower NPK ratio of 14:11:33) applied
every two weeks for a total duration of six weeks, and a negative control with no foliar
application (Table 4). The leaf extracts were applied as foliar sprays two weeks after

germination in aratio of 1:10 (1 liter of each plant extract diluted with 10 liters of water).
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Table 4: Treatments and their Levels

Factor A (Fertilizers), 4 levels Factor B (Foliar feeds), 6 levels

MO: no application of cattle manure C1: Comfrey spray, once a week

M1: 5 tonnes ha or 50 g per hole of cattle C2: Comfrey spray, twice a week

manure

M2: 10 tonnes ha* or 100g per hole of cattle B1: Blackjack, once a week

manure

NPK (27-27-27): application of 148.15 kg ha- B2: Blackjack, twice a week

L of NPK, also acted as a positive control
FO: no foliar spray, which acted as a
negative control
EG: Easy grow (Easy grow vegetative at
NPK ratio 27:10:16 and Easy grow fruit
and flower at NPK ratio 14:11:33)

The study consisted of a total of 24 treatments as indicated below:

MO C1 MO C2 MO B1 MO B2 MO EG MO FO
M1 C1 M1 C2 M1 B1 M1 B2 M1 EG M1 FO
M2 C1 M2 C2 M2 B1 M2 B2 M2 EG M2 FO

NPKC1 NPKC2 NPK B1 NPK B2 NPK EG NPK FO

The treatments were replicated across 3 blocks making a total of 72 plots.
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3.5 Experimental Layout

The experimental layout is shown in Figure 4.

Field Layout of Manure and Foliar Spray Experiment (0.5m Between Plots, Im Between Blocks)

M282 MG M182 M1 Moc1 NPKB2 NPKFO MIFO
BLockl M2F0 M2 M0B1 MIEG MOFD NPKBL NPKC2 MoB2
NPKC1 MOEG MIC2 Mgl Moc2 M2Bl MIC NPKEG
NPKC2 MIFD NPKBL MOEG me2 MaC1 M2BL MOB2
BLOCK Il § N N . ., s
NPKB2 MOFQ NPKEG M2F0 Mac2 MLEG MOC1 NPKCL
M2EG M1B1 MWPKFO Mig2 MOB1 MICL M2B2 Moc2
NPKC2 NPEFO MIEG MIEG NPKB2 MOB2 MOEG MIC1
BLOCK Ill N . . . ,
NPKC1 MOFQ M8l Macz M1B2 MOB1 NPKEG MoC1
SLOPE
MiB1 Moc2 M2F0 Micz M1 NPKBL M2B2 M1FO

Figure 4: Experiment Layout
3.6 Soil Sampling and Analysis Before Experimental Set up

Before setting up the experiment, soil samples were collected and analyzed for
chemical and physical properties. The process began by dividing each block into
sections and then, using a zigzag pattern, selecting five different points within these
sections for representative composite samples for each block. Needed tools, like soil
augers, plastic bags, permanent markers, sample containers, a clean mixing surface, and
labels, were collected in preparation. Soil samples were taken from a depth of 0-20 cm.
At each sampling point, soil cores were extracted using a soil auger, combining samples
from each block into clean containers. The soil was mixed thoroughly on a clean plastic
sheet to form a complex sample. Subsamples of about 500 grams were taken from each
composite mix, clearly labeled with relevant information, and stored in airtight
containers to prevent contamination and moisture loss. To analyze soil samples for
available nitrogen (N), phosphorus (P), potassium (K), and water holding capacity
(WHC), specific techniques were employed.

The Kjeldahl method was used to analyze available nitrogen, which involve

sulfuric acid digestion and ammonia distillation (Séez-Plaza et al., 2013). Available
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phosphorus was studied using the molybdenum blue colorimetric method, with
perchloric acid digestion (King, 1932). pH was measured using a pH meter by signifying
the hydrogen ion in the solution (Bishnoi et al., 2006), and potassium analysis was run
through acid digestion followed by Atomic Absorption Spectroscopy (AAS). WHC was
estimated by drying soil samples at 105°C overnight and calculated moisture content
(Ross, 1989). In addition to the earlier stated soil analyses, initial soil analysis also
encompassed the assessment of soil texture and organic carbon content. Soil texture was
determined by the hydrometer method based on Stokes’s law to find the percentage of
sand, silt and clay in soil (Mozaffari et al., 2024), which exposed the proportion of sand,
silt, and clay, influencing water retention, drainage, and nutrient availability
(Osanyinpeju & Dada, 2018). Organic carbon content was analyzed by the Walkley-
Black method (Bhattacharyya et al., 2015).

. Weight ist il— ight d il
% moisture content = eight of r;‘:ghs'to;f :;?zou()f 1Y 3% X 100

Equation 1

3.7 Analysis of Plant Tissues Nutrient Content
3.7.1 Nitrogen, Phosphorus and Potassium
Destructive sampling was employed to collect plant samples for nutrient analysis,

took place in the soil science laboratory at Egerton University. Total nitrogen (N),
phosphorus (P), and potassium (K) were measured at the flowering stage (R1), which
corresponds to 50% of the plants in flower, precisely at the initial bloon stage (Gonzalez
et al., 2023). At that time, three plants were harvested from each experimental plot
randomly, with only the above-ground parts involved. The shoots, comprehending stems
and leaves, were cautiously cut and cleaned to remove any soil and de and dried in an
oven at 70°C until a constant weight was reached, then ground into a fine powder. Two
outer rows of plants from each experimental plot were used as guard rows.

1) Nitrogen Analysis

The Kjeldahl method was applied for nitrogen analysis. The analysis was done
in the soil science laboratory at Egerton University. Established by Johann Kjeldahl in
1883, this method involved the particular determination of total nitrogen content

through the procedure of strong acid digestion, liberating nitrogen for succeeding
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titration. the nitrogen content was calculated using this formula according to Séez et al
(2013):

VXNX14X100
w

%N= Equation 2

where;

V: the volume of acid used in titration (in ml),
N: the normality of the standard acid, and

W: the weight of the sample (in grams).

%N: is the percentage of nitrogen in the sample.

i) Phosphorus Analysis

Phosphorus concentration in plant tissue was determined using the molybdenum
blue method. The analysis was conducted in the soil science laboratory at Egerton
University. This process commenced with the digestion of the sample to transform all
phosphorus forms into soluble orthophosphate. The digested solution was then treated
with ammonium molybdate in an acidic medium, forming a phosphomolybdic complex.
This compound subsequently was reduced with ascorbic acid, creating a blue-colored
complex known as molybdenum blue. The intensity of the blue color, measured using a
UV-Vis spectrophotometer at a wavelength of 420 nm, was directly proportional to the
concentration of phosphorus in the sample. A calibration curve was made the standard
phosphorus solutions to compute the phosphorus content based on absorbance readings
(Rana et al., 2020).

Phosphorus concentration (mg/kg) =

(mg)
L

Dry weight of plant tissue(g)

Phosphorus in extract

*Extractant volume (ml)

Equation 3

where:

Phosphorus in extract (mg/L) is the concentration of phosphorus measured in
the filtered extract using colorimetric methods and calibration curve.

Extractant volume (mL) is the volume of Olsen solution used in extraction,
which is typically 100 ml

Dry weight of plant tissue (g) is the weight of the dried, ground plant sample
used for extraction.

iii) Potassium Analysis
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To analyze potassium (K) content in common bean (Phaseolus vulgaris L.)
tissues, the Atomic Absorption Spectroscopy (AAS) was used. The analysis was done
at Safe food laboratory at Egerton university. The ground plant tissues underwent
digestion using concentrated nitric acid and hydrogen peroxide to release potassium (K)
into the solution. The resulting solutions were diluted and analyzed using atomic
absorption spectroscopy (AAS). The absorbance of light at a specific wavelength
corresponding to potassium was measured to determine its concentration (Ozbek &
Akman, 2016).

3.7.2 Growth and yield component analysis

For growth analysis, three plants per plot (experiment unit) were randomly
selected and monitored for each growing stage. The parameters measured included plant
height, biomass, number of pods, days to 50% flowering, days to 50% pods, grain yield,
harvest index and hundred seed weight. Plant height at V3, V4, V5 and R6 growing
stages was measured from the soil surface to the tip of tallest leaf/pod using a ruler, then
recorded in centimeters. Biomass was calculated by drying three harvested above-
ground plant samples at stage R1 at 65°C until a constant weight was reached, providing
the shoot dry weight (Aserse et al., 2020). Hundred seed weight was calculated by
accurately counting and weighing 100 pure seeds, then recorded weight in gram (ISTA,
2023). The growth data was collected at every growing stage throughout the season,
starting from the initial establishment of the plants and continuing until physiological
maturity. To calculate the plant yield data, the Harvest Index (HI) was calculated as the
ratio of the dry weight of the grain to the total dry weight of the plant. For quality,
protein content in seed was determined using the Kjeldahl method (Mutungi et al.,
2022). The used nitrogen-to-protein conversion factor for calculating protein content
was 6.25. According to Kemanian et al. (2007) the formula for Harvest Index is:

HI:

Dry weight of the grain

Total crop dry weight Equation 4

While, the total yield was calculated.
Yield(kg/hectare) (Mekbib, 2003):

Average seeds per pod XAverage pods per plantXplant per hectare

Equation 5

Average seeds per kg
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3.8 Statistical Analysis

Statistical Model: Y. u+vi+aj+Bk+AiBj+ £

w: overall mean
L;: Effect due to the i block
A;: Effect due to the j™ fertilizer
B,,: Effect due to the k™ foliar feed
AjBi: Interaction due to the j" fertilizer and k™ foliar feed

&k~ Random error term

The data obtained from this study was first be tested for normality using the Shapiro-

Wilk test. Following, Analysis of Variance (ANOVA) was performed using a random
effects model in the statistical software SAS 9.4 general linear model (GLM) technique
developed by Anthony James (Vanderziel et al., 2025). Where significant differences were
detected, means were separated using Tukey's Honestly Significant Difference (HSD) test
at a 5% significance level. Additionally, correlation analysis was performed at a 5%
significance level to explore the relationships between growth, yield, and quality metrics

of the common beans.

23



CHAPTER FOUR
RESULTS

The pre-characteristics of the soil without treatments applied and the nutrient

content of cattle manure and extracts are indicated in Table 6.

Table 5: Pre- experiment Analysis of Soil, Cattle Manure and Extracts

Parameter Unit Soil Comfrey Blackjack Cattle
Extract Extract Manure

Texture — Sandy loam - — -

Moisture % 24.87 - — 21.07

content

pH - 5.45-6.21 6.14 6.50 -
(slightly
acidic)

Organic C - 2.72-3.48 - - 17.28

CEC meq 15-24 — — —

100g (moderate)

Total N % 0.21-0.94 5.13 4.90 1.40
(moderate)

Available ppm 38-60 247.67 223.50 2047.60

P

Available ppm or % 12-24 ppm 0.033% 0.032% 7500 ppm

K

Remarks Moderate High N and  Slightly High P, K,
fertility; P;lowKdue lower Nand and C;
suitable pH  todilution P than  improves
for common comfrey; soil fertility
bean growth low K and structure
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4.1 Effect of Cattle Manure Combined with Foliar Sprays of Blackjack and
Comfrey Leaf Extracts on Nitrogen, Phosphorus and Potassium Concentration in
Common Beans at Flowering (R1) Stage
4.1.1 Nitrogen Concentration

The main effect of foliar sprays and cattle manure on nitrogen concentration (%)
in common bean at flowering (R1) was significant (p <0.05) (Appendix G). The highest
average concentration (24.87) was observed in M2 (10 tonnes ha™ or 100 g of cattle
manure per hole). Treatment MO (no manure application) resulted in lowest nitrogen
concentration (19.37), although not significantly different from M1 (Table 7). For foliar
spray treatments, the untreated control, i.e. no foliar spray (FO), resulted in lowest
average plant nitrogen concentration (19.29) but treatments B2 (blackjack sprayed twice
a week) had the highest N concentration (Table 7). The interaction effect of manure and
foliar sprays on nitrogen concentration in common bean at flowering (R1) was not

statistically significant at p < 0.05) (Table 8).

Table 6: Main Effect of Manure and Foliar Spray Treatments on Nitrogen Content in
Common

Beans Tissues at R1 Growing Stage (%)

Manure treatment N (%) Foliar spray treatment N (%)
MO 19.37°¢ FO 19.29°
M1 21.91°¢ C2 23.232
M2 24.87° B1 21.32%
NPK 22.15° B2 23.952
MSD (a=0.05) 2.6079 C1 22.37 %
EG 22.76 %
MSD (o = 0.05) 3.5627

CV (%): 6.45

25



Table 7: Interaction Effect of Manure and Foliar Sprays on Nitrogen Concentration

Foliar Sprays

Manure Bl B2 C1 C2 EG FO
MO 18.642 22.10* 18.33% 21.65% 19.412 16.09?
M1 21.122 24.31* 22.82% 23.26% 20.78% 19.16°
M2 25.212 25.55% 25.09? 26.30* 27.07% 20.03%
NPK 22.162 23.83% 21.49° 21.71* 21.812 21.88?
Mean 21.78 23.45 2193 23.23 22.27 19.29

CV (%): 6.45

Key: MO = Control, M1 = 5t hal, M2 =10t ha!, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1= Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week.
4.1.2 Phosphorus and Potassium Concentration

Analysis of variance showed no significant (p <0.05) main effects of manure (p
= 0.6406), and foliar spray (p = 0.5107), and their interaction (p = 0.3596) on

phosphorus concentration in common bean at flowering (R1) stage (Table 9) (Table 10).

Similarly, for potassium, no significant (p< 0.05) main effects of foliar spray (p =

0.3192) and manure (p = 0.8872) (Table 9) and their interaction (p = 0.9462) were

observed (Table 9) (Table 11).
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Table 8: Main Effect of Manure and Foliar Spray on the Phosphorus (P)

and Potassium (K) Concentration in the Common Bean Tissues at R1 Stage

Manure P(ppm) K (%) Foliar spray P(ppm) K (%)
treatment treatment
NPK 220.45% 0.042 EG 221.90? 0.042
MO 219.632 0.04% Bl 226.532 0.04%
M1 219.172 0.042 FO 216.36% 0.042
M2 213.09? 0.042 Cl 215.932 0.042
MSD(0=0.05) 16.92 0.01 B2 214.96% 0.042
Cc2 212.822 0.042
MSD(0=0.05) 23.11 0.01

CV:7.6%

Table 9: Effect of Manure and Foliar Sprays Interaction on Phosphorus Content in the

Common Beans’ Tissues

Manure \ Bl B2 C1 C2 EG FO
Foliar

MO 231.672 221.912 213.07*%  222.75*  214.59% 213.792
M1 219.432 217.672 236.06°  196.88*  232.11° 212.88?
M2 209.03? 211.912 190.72%  218.43*  234.75% 213.672
NPK 227.472 208.36% 223.87F  213.23*  224.672 225.112
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Table 10: Mean Separation for Manure x Foliar Spray Interaction on Potassium (K)

Content in Common Beans Tissues (%)

Manure\ Bl B2 C1 C2 EG FO
Foliar

MO 0.042 0.032 0.032 0.03? 0.042 0.042
M1 0.04% 0.03? 0.04% 0.042 0.042 0.042
M2 0.03% 0.042 0.03% 0.042 0.03? 0.042
NPK 0.042 0.042 0.042 0.042 0.03? 0.042

Key: MO = Control, M1 = 5t ha'l, M2 =10t hal, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week.
4.2 The Effect of Cattle Manure and Foliar Sprays of Blackjack and Comfrey Leaf
Extracts on the Growth of Common Beans

4.2.1 Height

i) Third Trifoliate Leaf Fully Expanded (V3)

The findings of the study showed that the main effect of manure on bean height
at V3 was statistically significant (p<0.05) (Table 12). Treatments M2 had the tallest
plants of 10.76 cm while MO (no manure application) resulted in lowest mean height
(8.25 cm) (Table 12). The main effect of foliar spray on common bean height, on the
other hand, was not statistically significant at p<0.05 (Table 12). Similarly, the

interaction effect of foliar spray and manure was not significant at p<0.05.
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Table 11: Main Effect of Foliar Spray and Manure on the Height (cm) of Common Beans
at V3 Stage of Growth (cm)

Manure treatment  Mean height (cm) Foliar treatment Mean height (cm)

M2 10.76% C1 10.332
M1 10.07% EG 10.06°
NPK 9.74° FO 9.77°
MO 8.25¢ C2 9.422
MSD (a = 0.05) 1.091 B2 9.35°
B1 9.3

MSD (a = 0.05) 1.498
CV:8.94%

Means followed by the same letter in a column are not significantly different at p<0.05
Key: M0 = Control, M1 = 5t ha'l, M2 =10t hal, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week.
ii. Fourth Trifoliate Leaf Fully Expanded (V4)

At V4 growing stage of common beans, the main effects of manure and foliar
spray on common bean height at V4 were significant (p<0.05). Common bean in
treatments M2, M1 and NPK were significantly (p<0.05) taller than the control (MO0)
(table 13). The tallest plants were observed in treatments M2 and M1. There were no
significant differences in treatments M1 and NPK. For foliar sprays, treatment C1, EG,
B2 and FO produced the tallest plants. Common bean height in treatment C1 was
significantly different (p<0.05) from treatment B1 and C2, which produced the shortest
beans (table 13). No significant difference was observed for interaction of foliar spray

and manure treatments at p <0.05.
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Table 12: Main effect of manure and foliar spray on the height of common beans at V4

stage of growth (cm)

Manure Mean height Foliar Mean
treatment (cm) treatment height(cm)
M2 15.85° C1 15.442

M1 15.33%® EG 15.22%
NPK 14.71° FO 14.77%

MO 12.49° B2 14.34%
MSD(a=0.05) 1.0173 Bl 13.93°

C2 13.88°

MSD (¢=0.05) 1.3898
CV: 7.84%

Means followed by the same letter in a column are not significantly different at p<0.05
Key: MO = Control, M1 = 5t hat, M2 =10t ha!, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice
week, C1 = Comfrey spray once a week EG =Easy grow, C2= Comfrey spray twice
a week.
iii. Fifth Trifoliate Leaf Fully Expanded (V5) and Full Pod Fill Stage (R6)
The main effect of manure on height of common bean at V5 growing stage was
significant (p<0.05). Common bean was taller in treatments M2 (mean = 20.73 cm) but
the control had the shortest plants (M0) (mean = 15.90 cm). There were no significant
differences in the height of common beans in M2, M1 and NPK treatments (Table 14).
For foliar spray treatments, no statistically significant differences at p<0.05 were
detected. The foliar treatments had means ranging from 19.65 cm (C1) to 18.11 cm (C2).
Analysis of Variance (ANOVA) did not show statistically significant (p<0.05)
interaction effect of manure and foliar spray on height of common bean at V5.

At the full pod fill stage (R6), the main effect of cattle manure on common bean
height was statistically significant (p<0.05). Common beans treated with M2, M1, and
NPK attained significantly greater average heights compared to the control (MO) (Table
14). The main effect of foliar spray was not statistically significant (p<0.05). Common
bean height ranged from 24.60 (B1) to 22.43 cm (B2) in the foliar treatments.
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Table 13: Main Effect of Manure on the Height (cm) of Common beans at V5 and R6 Stages
of Growth (cm)

Manure Mean height(cm) at V5 Mean height(cm) at R6
M2 20.722 26.25°

NPK 19.73% 25.00?

M1 19.56% 24.782

MO 17.33° 19.64°

MSD(a=0.05) 1.6314 1.8987

CV (%) 9.69 8.93

Means followed by the same letter in a column are not significantly different at p<0.05
Key: MO = Control, M1 = 5t hat, M2 =10t hal, NPK =NPK (27-27-27)

Table 14: Interactive Effect of Manure and foliar spray on the height of common beans at

R6 stage of growth (cm)

Foliar Sprays

Manure  FO B1 B2 C1 C2 EG
MO 22.14° 22.79° 15.75" 19.47° 17.95° 19.71°
M1 23.29% 24.66° 24.38¢de 26.552 24,640 26.49?
M2 24.46°% 27.68? 24.84°¢ 26.41% 26.972 27.15°
NPK 26.60° 23.29¢% 24.76 25.293¢ 23.99¢% 24.74¢

Means followed by the same letter in a column are not significantly different at p<0.05
Key: MO = Control, M1 = 5t ha't, M2 =10t ha!, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week) EG =Easy grow, C2= Comfrey spray twice a week.
4.2.2 Number of Branches
The main effect of manure on number of branches at V5 and R6 growth stages
was statistically significant (p<0.05). Treatments M2, M1 and NPK had the highest
number of branches at both stages (Table 16). The means of these treatments were
significantly higher than for control (M0O) (Table 16). There were no significant
differences in number of branches amongst the foliar spray treatments or their
combination with manure treatment at both stages at p<0.05. At growing stage V5, foliar
spray treatments C1 and FO had the highest number of branches (3.83), while B1 and
C2 had the lowest (3.42). The same results were found at stage R6, where the highest
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number of branches was observed in FO (7.42), while C2 had the lowest (6.75) but all
were statistically grouped under the same turkey grouping. For treatments combination,
the highest number of branches (4.67) was observed in M2x EG, while the lowest (2.33)
occurred in M0x C2 at growing stage V5 (Table 17), but no significant difference was
revealed. At R6, the highest number of branches (8.67) was recorded in M2x C2, while
the lowest (4.67) occurred in MOxB2 (Table 17)

Table 15 : Main Effect of Manure on the Number of Branches at V5 and R6 Stage
of Growth

Manure Treatment Mean number Mean number
of branches (V5) of branches (R6)

M2 4.062 8.11°

M1 3.832 7.228

NPK 3.782 7.222

MO 3.00° 5.61°
MSD(a=0.05) 0.6712 1.3745

CV (%) 20.60 21.97

Table 16: Interaction of Manure and Foliar Sprays on the Number of Branches at V5

Manure \ Bl B2 C1 C2 EG FO
Foliar

MO 3.000  3.00% 3.332 2.33¢ 2.672 3.672
M1 3.67*  4.00% 4.00% 3.672 4.332 3.332
M2 3.67*  4.00% 3.672 4.332 4.672 4.002
NPK 3.33%  4.00% 4.332 3.33? 3.33? 4.33°
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Table 17: Interaction of Manure and Foliar Sprays on the Number of Branches at R6

Manure \ Bl B2 C1 C2 EG FO
Foliar

MO 6.33% 4.672 5.672 4.672 5.672 6.672
M1 7.00* 7.332 7.332 6.672 8.332 6.672
M2 8.00* 8.33% 7.67% 8.67% 8.33% 7.672
NPK 6.33* 7.00% 8.00% 7.00? 6.33? 8.672

Means followed by the same letter in a column are not significantly different at p<0.05
Key: MO = Control, M1 = 5t ha, M2 =10t hal, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week.
4.2.3 Biomass
The main effects of both manure and foliar spray on the biomass of common bean
were statistically significant (p<0.05) at flowering stage (R1) (Appendix G). The highest
biomass (47.45 g) was observed in treatment M2 (Table 19). Treatment M1 and the
untreated control (MO) had the lowest biomass of 36.83 g and 36.80g, respectively.
Significantly, higher biomass was observed in treatments C1 and EG than C2 and B1 at
p<0.05 for foliar sprays (Table 19). The effect of interaction between manure and foliar

spray on biomass of common bean was significant (p<0.05) (Table 20).
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Table 18: Main Effect of Manure and Foliar Spray on Biomass of Common Beans at R1
Stage of Growth(g)

Manure Mean Biomass(g) Foliar Spray Mean Biomass(g)
M2 47 452 C1 45.012
NPK 42.55° EG 43.622
M1 36.83¢ B2 40.82%
MO 36.80° FO 40.53%
MSD(a=0.05) 3.73 C2 37.79°
B1 37.68°
MSD(a=0.05) 5.0955

CV (%): 10.26
Means followed by the same letter in a column are not significantly different at p<0.05
Key: M0 = Control, M1 = 5t ha, M2 =10t hal, NPK =NPK (27-27-27), FO =Control

(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,

= Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week.

Table 19: Interactive Effect of Manure and Foliar Spray on the Biomass of Common Beans

Foliar spray
Manure FO B1 B2 C1 C2 EG
MO 44,813 39.61%%  31.98° 38.49¢cd 31.50° 34.38%
M1 30.83¢ 27.29° 41.41b 46.013¢ 31.40° 44,052
M2 41.46° 45.13%c 43,993 50.10% 49.24% 54767
NPK 45.,02%¢ 38.70% 45 ggabc 454634 39.00%% 41,26

Means followed by the same letter in a column are not significantly different at p<0.05
Key: MO = Control, M1 = 5t ha't, M2 =10t ha, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week
4.2.4 Days to 50% Flowering and Pods

The results showed no significant effects of manure, foliar spray, or their
interaction on number of days to 50% flowering of common beans and days to 50%
pods formed at p<0.05. In comparison to beans without manure (MO0), which took an
average of 46.06 days to reach 50% flowering, beans treated with NPK took longer
(46.94 days). For foliar sprays, 46.75 days was the longest average number of days to
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50% blooming under treatment B1, while 46.17 days for B2 was the shortest. In terms
of interaction effects, NPK x B1 and NPK x C2 recorded the longest time to flowering
(48.33 days), while the combination M0 x EG produced the shortest time to flowering
(44.67 days). For pods, treatment MO took the lowest mean days to develop 50 % pods
(54.33 days), whereas M2 took more days (56.06). On the other hand, for foliar spray,
treatment B1 had the lowest mean (55.00 days) and EG, the highest mean (56.3 days)
to develop 50% of pods. For interaction, treatment MOxFO developed 50% of pods
earlier (53.33 days), whereas NPKx B1 took longer (58.33 days).
4.2.5 Number of Pods

Main effect of manure treatments on the average number of pods in common bean
was significant (p<0.05). On the contrary, foliar spray treatments and the combination
of manure and foliar spray did not have any significant effect on the number of pods at
p<0.05. With mean of 14.39 pods per bean, M2 performed significantly better than all
other treatments. Treatment NPK came in second with 12.61 pods, while treatment M1
came in third with 12.39 pods (Table 21). Treatment MO produced the least pods (9.33).
For foliar sprays, the number of pods per plant varied from EG spray which produced
the most pods on average (13.25), followed by B1 (12.67) and FO (12.33). In the B2
treatment, the fewest pods were found (10.67) but these differences were not statistically
significant. Treatment combinations ranged from a low number of 6.00 pods observed
under MO x B2 to a high of 16.00 pods recorded in multiple treatments including M1 x
EG, M2 x C2, and M2 x EG., although no significant difference was recorded (Table
22).
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Table 20: Main Effect of Manure on the Number of Pods per Common Bean

Manure Treatment Mean Pods/Plant
M2 14.39%

NPK 12.61°

M1 12.39°

MO 9.33¢
MSD(0=0.05) 0.5308

CV (%) 16.87

Means followed by the same letter in a column are not significantly different at p<0.05

Table 21: Effect of Combining Cattle Manure and Foliar Sprays on the Number of Pods on

Beans

Manure \ Bl B2 C1 C2 EG FO
Foliar
MO 11.67% 6.00® 8.67*  8.33% 9.33¢ 12.00?
M1 12.00* 12.67* 12.00* 11.67% 16.00? 10.00?
M2 15.00* 12.33* 14.00* 16.00% 16.00? 13.00?
NPK 12.00* 11.67* 14.00* 12.00% 11.672 14.33?

Means followed by the same letter in a column are not significantly different at p<0.05
Key: MO = Control, M1 = 5t hat, M2 =10t ha!, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week
4.2.6 Leaf Area Index at V4 and R6 Growth Stage

Leaf Area Index (LAI) at V4 growing stage was significantly affected (p<0.05)
by both foliar spray (Table 23) and the manure-foliar spray interaction (Table 24). The
mean LAI values for manure ranged from 0.12 (MO0) to 0.14 (M1). Although M1
treatment recorded the highest average LAI, followed by M2, NPK, and MO, the
differences among them were not statistically significant at p<0.05. For foliar sprays,
treatment C1 produced beans with high leaf area indexes and it was significantly
different from treatment C2 and FO (p<0.05) (Table 23). The combination effect of
manure and foliar spray treatments was significant (p<0.05). The highest LAI (0.170)
was observed under the M1 x C1 treatment. In contrast, the lowest LAI (0.090) was

recorded in MO x C2 and M1 x FQ. Treatments involving M1 manure generally resulted
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in higher LAI values, particularly when combined with foliar sprays like C1 and EG
(Table 24). At R6 growing stage, all levels (M0, M1, M2, and NPK) fell into the same
statistical group; they had no discernible effect on leaf area index (LAI) at p<0.05. The
range of LAI values for manure treatments was 0.15 for the control (MO0) to 0.16 for
treatment M1. For foliar spray treatments, though no statistical significance was
revealed (p<0.05); C1 recorded the greatest LAI (0.15), while FO recorded the lowest
(0.11). For interaction, also there was no statistical significance, but M1 x C1 (0.190)
and M1 x EG (0.1867) generated the highest LAI values while MO x C2 (0.1233) and
M1 x FO (0.120) had the lowest LAI values.

Table 22: Main Effect of Foliar Spray on Leaf Area Index of Common Beans at V4
Growth Stage

Foliar Sprays Mean LAI (V4)
C1 0.152

EG 0.142

Bl 0.13?

B2 0.13?

C2 0.12°

FO 0.11°
MSD(0=0.05) 0.0326

CV (%) 20.65

Means followed by the same letter in a column are not significantly different at p<0.05
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Table 23: Main Effect of Manure and Foliar Sprays Interaction on Leaf Area Index of

Common Beans at V4 Growing Stage

Manure B1 B2 C1 C2 EG FO
MO 0.117Pcde g 1373bcd (g 117°de  0,090° 0.1573b¢ 0.1302bcd
M1 0.1508cd  (,1483bcd (1702 0.1373cd 0,160 0.090¢
M2 0.1408cd  ,113¢de Q15783 0.120Q°cde  0,100% 0.1403bcd
NPK 0.117bcde qp3bcde (g 1473bcd (g 1333bcd () 1433bcd 0.093¢

Means followed by the same letter in a column are not significantly different at p<0.05
Key: MO = Control, M1 = 5t hal, M2 =10t ha!, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week
4.3 Yield
4.3.1 Harvest Index (HI)

Both manure and foliar spray had significant main effects on harvest index HI
(p<0.05), whereas the interaction effect (manure and foliar spray) was not significant
(p<0.05). The highest HI (0.40389) was found in M2, which was comparable to NPK
and significantly different from M0 and M1(Table 25). Among foliar sprays, C2 and B1
showed significant different HI compared to EG and FO (Table 25).
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Table 24: Main Effect of Manure and Foliar Spray on the Harvest Index (HI) of Common

Bean
Manure Mean HI Foliar spray Mean HI
MO 0.32° C1 0.38%¢
M1 0.34° C2 0.40°
M2 0.40° B1 0.40°
NPK 0.39% B2 0.39%
MSD(a=0.05) 0.0409 EG 0.34°
FO 0.31528"
MSD(a=0.05) 0.0560
CV (%) 17.55

Means followed by the same letter in a column are not significantly different at p<0.05
Key: M0 = Control, M1 = 5t ha, M2 =10t ha!, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week,
HI: Harvest Index

4.3.2 Hundred Seed Weight (HSW)

The analysis of variance (ANOVA) results for a hundred seed weight (HSW)
revealed significant main effects of both manure and foliar spray (p<0.05). The highest
mean HSW in manure treatments was 45.51g (Table 26). The control (MO0) had the
lowest HSW, measuring 41.06 g and was significantly different from M2 and M1 (Table
26). For foliar spray, FO had the lowest mean weight (40.45 g), while treatment C1, B2,
and EG had higher HSW values (above 44 g) than the control (FO) (p<0.05) (Table 26).
The effect of interaction of manure and foliar spray on HSW was not significant at
p<0.05. The highest HSW were observed in M2 combined with B2 (47.95 g) and B1
(47.06 g) while the lowest weights were recorded in MO with C2 (37.37 g) and FO (38.93

9).
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Table 25: Main Effect of Manure and Foliar Spray on Hundred Seed Weight (HSW) of

Common Beans

Manure Mean HSW (g) Foliar Spray Mean HSW (g)
M2 45,517 Cl 44,492
M1 43.96% B2 44.48%
NPK 43.35% EG 44,392
MO 41.06" B1 43.90°
MSD(a=0.05) 2.6801 C2 43.11%
FO 40.45°
CV (%): 8.67 MSD(0=0.05) 3.6613

Means followed by the same letter in a column are not significantly different at p<0.05
Key: M0 = Control, M1 = 5t hal, M2 =10t hal, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1=Blackjack spray once a week, B2 =Blackjack spray twice a week,
C1 = Comfrey spray once a week) EG =Easy grow, C2= Comfrey spray twice a week,
HSW= Hundred Seed Weight
4.3.3 Yield per Hectare

The analysis of variance (ANOVA) showed that main effects of foliar sprays,
manure, and their combination on the yield of common bean were significant at p<0.05.
An excellent fit was indicated by the model's explanation of 86.37% of the total variation
(R? = 0.8637) (Appendix K). All other manure treatments were greatly outperformed by
the application of treatment M2, which produced the greatest mean yield (1652.31 kg
ha') and was significantly different from M1 (1334.89 kg ha') and NPK (1380.90 kg
hat), which were both significantly higher than the control (MO0) (1016.05 kg hal). In
comparison to all other foliar treatments, treatment C2, had the highest yield (1669.77
kg ha) which was significantly different from treatment EG (1401.57 kg hat), B2
(1348.65 kg ha™V, B1 (1333.04 kg ha) and C1 (1282.16 kg ha) and FO (Table 27).
With a yield of 1041.04 kg ha*, the treatment FO was the least productive of all the
foliar treatments. For interaction, M2x C2 and M2xB1 showed the maximum vyield,
while M0x FO, M1xF0, M0xC2, M0xB2 had lowest yield (Table 28).
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Table 26: Main Effect of Manure on the Yield of Common Beans (kgha™?)

Manure Mean yield(kgha't) Foliar spray Mean yield
(kgha'!)
M2 1652.312 C2 1669.772
NPK 1380.90° EG 1401.57°
M1 1334.89° B2 1348.65"
MO 1016.05¢ B1 1333.04°
MSD(a=0.05)  139.05 C1 1282.16°
FO 1041.04°
CV: 6.43% MSD(a=0.05) 189.96

Means followed the same letter in a column are not significantly different at p<0.05.
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Table 27: Interactive Effect of Manure and Foliar Spray on Yield of Common
Beans (kgha?)

Foliar spray
Manure B1 B2 Cl C2 EG FO
MO 1137.65%"  928.181 1133.49%" 934,071 1063.81"  899.09
M1 1192.35"  1405.50%  1116.79%"  1694.41°°  1658.28°¢ 942,021
M2 1776.93%  1678.95°  1334.61°¢F  2373.88% 1462.49%  1287.01°¢

NPK 1225231 1381.95%  1543.77¢¢  1676.71°°  1421.71%  1036.04"

Means followed the same letter in a column are not significantly different at p<0.05.
Key: MO = Control, M1 = 5t ha't, M2 =10t hal, NPK =NPK (27-27-27), FO =Control
(nothing applied), B1= Black jack spray once a week, B2 =Black jack spray twice a week,
C1 = Comfrey spray once a week, EG =Easy grow, C2= Comfrey spray twice a week
4.3.4 Protein in Seeds

The main effects of manure, foliar spray and their interaction at p<0.05 on
protein content in seeds were non-significant for manure treatments, protein content
ranged from 24.87% in M2 to 19.37% in MO (Figure 5). For foliar sprays, mean values
of 23.95% in B2 and 19.29% in FO were observed (Figure 5). Although the manure and
foliar spray interaction was not significant at p <0.05, the combination of treatment M2
with treatment EG or C2 foliar sprays produced higher protein contents 27.07% and
26.30%, respectively.
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Figure 5: The Effect of Manure and Foliar Sprays on Protein Content of Bean Seeds

o
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Table 28: Interactive Effect of Manure and Foliar Spray on Yield of Common Beans

(kgha')

Manure \ Foliar Bl B2 C1 C2 EG FO
MO 18.642 22.10* 18.33* 21.65* 19.41* 16.09?
M1 21.122 24.31* 22.82% 23.26* 20.78* 19.16%
M2 25.212 25.55% 25.09% 26.30* 27.07* 20.03?
NPK 22.162 23.83% 21.49* 21.71* 21.81* 21.88%

CV (%): 4.16
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CHAPTER FFIVE
DISCUSSIONS
5.1 Effect of Cattle Manure Combined with Foliar Sprays of Blackjack and
Comfrey Leaf Extracts on Nitrogen, Phosphorus and Potassium Concentration in
Common Beans at Flowering (R1) Stage

The results of this study confirmed that the significant improvement of nitrogen
concentration in common beans tissues was due to the highest manure rate application
M2 (10 t ha™"), which compared well to treatment M1(5t ha™), and NPK fertilizer. The
control (MO) treatment resulted in beans with lowest nitrogen concentration in tissues.
This shows that beans require a noticeable amount of nitrogen when grown in acid soils.
The pH of the soil was acidic (pH water:5.45-6.21). High manure levels greatly
contributed to nitrogen accumulation in bean tissues. Manure expanded the total
nitrogen pool in the soil and boosted the availability of ammonium and nitrate for root
absorption (Nadeem et al., 2023). We are assuming that fixation was low in acid soils.

Foliar sprays of comfrey and blackjack, applied either weekly or biweekly, had
similar effects on nitrogen concentration in common bean at R1 as the commercial easy
grow (EG) foliar spray. Common bean in the control (no foliar applied) had lower values
compared to biweekly foliar sprays of black jack and comfrey extracts. This aligns with
the nutrient content of these amendments and the nitrogen demand of common beans.
Foliar application likely provided readily absorbable nitrogen forms, unlike slower
mineralization of organic manure nitrogen (Delgado et al., 2016; Schjoerring, 2023). A
study by Basdemir et al. (2022b) showed that vermicompost sprayed on leaves had a
more rapid but less long-lasting nutritional effect, promoting short-term vegetative
growth but falling short of the long-term nitrogen buildup observed with soil-applied
cattle manure. Therefore, combining 10t/ha SI units or 1009 per hole of cattle manure
application with foliar sprays of nutrient-rich plants like comfrey and blackjack twice a
week (C2, B2) can optimize nitrogen availability, and nitrogen concentration in tissues
which can boost common bean yield.

Both manure and foliar spray did not significantly affect the concentration of
phosphorus and potassium in common bean tissues at R1. This may be attributed to slow
mineralization of manure under natural conditions (Ramazanoglu et al. (2024).
Additionally, due to the acidic soil conditions at the site (pH 5.45 to 6.21), phosphorus
is likely to have been fixed by aluminum and iron, making it unavailable for plant uptake
(Mitra et al., 2022). Additionally, limiting its short-term impact phosphorus is less
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mobile and less efficiently absorbed through foliar application (Niu et al., 2021).
Similarly to potassium, the study conducted by Ishfaq et al. (2022) reported that
potassium is also less mobile and is more effectively absorbed through roots than leaves;
the study showed that while foliar-applied potassium improved plant growth and slightly
increased total potassium uptake in wheat and maize, the majority of potassium was still
absorbed through the roots, indicating that foliar application acts as a supplement rather
than a replacement for root uptake. In addition, In acidic soils, cation competition may
have further reduced potassium uptake and its overall effectiveness (Han et al., 2019) .
While tailored soil testing is essential to identify phosphorus and potassium limitations;
also, site-specific strategies such as targeted placement of phosphorus fertilizers or use
of potassium-enriched composts may be necessary to overcome fixation and ensure
adequate supply during critical growth stages like flowering and pod filling (Cropnuts
Guide, 2024; Cobucci & Nascente, 2014).
5.2. The Effect of Cattle Manure Combined with Foliar Sprays of Blackjack and
Comfrey Leaf Extracts on the Growth of Common Beans

In common bean production, plant height, number of branches, biomass, leaf area
index (LAI) are vital indicators of growth. Plant height and branching reflect vegetative
vigor while biomass and LAI indicates overall productivity and photosynthetic capacity.
The results of this study demonstrated significant increases in common bean height at
vegetative and reproductive stages (V3, V4, V5, and R6) after fertilizer application. The
manure levels M2 (10 t ha) M1 (5t hal) and NPK (27-27-27) as positive control
consistently produced tallest beans compared to no-manure control (MO0). This can be
attributed to nitrogen supply from manure mineralization and fertilizer. Nitrogen
promotes leaves, stems, and other vegetative parts of plants and consequently helps in
growth and development (Mazahar & Rainah, 2022). Similar results were shown in
study conducted by Francine et al. (2021) who reported that the climbing beans treated
with cattle manure produced highest average height (243.39cm) while the control
treatments produced shortest beans (97.81cm). For foliar spray treatment, only at
growing stage V4, was the effect was revealed where treatment C1(comfrey spray once
a week), (EG: Easy grow, both vegetative and flower and fruits), B2 (Black jack twice
a week) and FO (without foliar spray) produced the tallest plants than B1 (black jack
once a week) and C2 (comfrey twice a week) which had shortest plants.

When compared to other growth stages, the observed lower efficacy of treatment
C1l and B2, specifically at the V4 growth stage, was probably due to important
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physiological traits of common bean plants at this stage. Rapid stem extension and the
onset of lateral branches characterize the V4 stage, a crucial time in common bean
vegetative growth (Mamo et al., 2023). The plant becomes less receptive to treatments
that primarily encourage vegetative growth after the V4 stage as resource allocation
starts to shift toward reproductive development (Costa et al., 2013). The greater effect
of foliar treatments at V4 compared to earlier stages may be explained by this
physiological shift and at this stage, stomata are more opened to absorb more nutrient.
The fact that treatment C1 (comfrey applied once weekly) worked better than treatment
C2 (comfrey applied twice weekly) indicates that applying comfrey too frequently may
have negative consequences, presumably because of phytotoxicity or foliar overload,
which can cause symptoms like leaf burn as observed in our experiment. However, B2
(Blackjack sprayed twice a week) slightly outperformed B1 (Black Jack sprayed once a
week) (no significantly different at p<0.05), suggesting that increasing the frequency of
black jack spray boosted vegetative development, most likely as a result of better
nutrient or bio stimulant delivery. It is interesting to note that the untreated control (FO)
outperformed both B1 and C2, suggesting that some foliar spray applications can hinder
rather than promote growth.

Branching was significantly enhanced by manure application at both V5 and R6
stages, with M2, M1, and NPK treatments yielding more branches than the control (MO0).
This is consistent with the findings of (Fekadu et al., 2018) who reported that the
application of cattle manure increased the number of branches for common beans due
to high nitrogen content of cattle manure and potassium which favored vegetative
growth . Sharifi et al. (2024), also reported that 10 t ha'1 of cattle manure improved the
number of branches per plant comparing to the control with average of 26 branches per
plant. The lack of significant effect from foliar sprays or their interaction with manure
on branching shows that soil nutrient status is the primary determinant of branching in
beans, with foliar nutrients playing a minor role unless soil deficiencies are present
which implies that the soil was containing ample soil nutrients due to manure application
(Kinrade, 2025).

Biomass production was significantly influenced by both manure and foliar spray
treatments, as well as their interaction. The highest biomass was observed in M2 (10 t
ha!), followed by NPK (27-27-27, 185kg ha'), while M1(5t ha'!) and MO (no manure)
produced the lowest biomass. The study conducted by Ngakou et al. (2008) reported
that cattle manure application resulted in high mean biomass (8.54g/plant) and was
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significantly different from the control that yielded low biomass beans (1.31g/plant).
Among foliar sprays, comfrey applied once a week (C1) and Easy Grow (EG) resulted
in the greatest biomass, suggesting that these treatments may enhance nutrient uptake
or physiological efficiency under certain conditions. This agrees with the results of Byan
(2014) who reported that the snap beans treated with licorice extract produced high dry
and wet weight compared to the control. The combination of M2 and EG vyielded the
highest overall biomass, which supports the concept of integrated nutrient management
as advocated by Agegnehu et al. (2016), who found that combining organic amendments
with targeted foliar applications maximizes growth and yield in legumes. Neither
manure nor foliar spray treatments, nor their interactions, had a significant effect on the
number of days to 50% flowering and pods. This indicates that the timing of
reproductive development in common beans is relatively insensitive to variations in
nutrient supply from the tested amendments. This agrees with the findings of Wilczek
et al.(2010) and Selvakumar et al. (2025) who noted that phenological events as well as
development timing such as flowering are more strongly influenced by genetic and
environmental factors than by moderate differences in nutrient availability. However,
numerical tendencies were observed; plots without manure (MO0) reached 50% flowering
and pods development earliest while those with the highest manure rate (M2, 10 t hal)
took the longest.

In contrast, the number of pods per plant was significantly influenced by manure
application (p <0.05). The highest pod number was achieved with the application of 10
t ha* of cattle manure (M2, 14.39 pods/plant), which was significantly greater than the
control (MO, 9.33 pods/plant). NPK and M1 (5 t ha® manure) produced also high
number of pods (12.61 and 12.39 pods/plant, respectively) compared to the control.
Foliar sprays did not significantly affect pod number, with all treatments statistically
similar, although EG and B1 had numerically higher pod counts. The interaction
between manure and foliar sprays was also not significant for pod number. This
highlights the primary importance of soil fertility, particularly organic amendments, in
supporting reproductive output in beans.

Leaf area index (LAI) at the V4 stage was significantly affected by foliar spray
and the interaction between manure and foliar spray (p <0.05), but not by manure alone.
The highest LAI was observed in C1 (Comfrey, once a week, 0.1475), while treatment
C2 (comfrey spray twice a week) and FO (without foliar spray) recorded low LAI. The
study conducted by Jeevaa et al.(2025), showed that foliar spray fertilizers may boost
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growth including leaf area index by supplying nutrients directly to leaves, promoting
faster growth and expansion. This can lead to larger, more efficient leaf development
during key growth stages compared to manure applied fertilizers. For combinations,
M1xC1 recorded high LAl while MOxC2 and M1xFO0 produced low LAI, which implies
that high frequency of applying comfrey can cause various harmful effects including
toxicity and leaf burn as observed on leaves of the treated beans. Treatment without
foliar spray produced beans with low LAI, which implies the inadequacy of nutrients
for vegetative growth since manure nutrient release is very slow. At the R6 stage,
treatment effects were not significant, although C1 and EG maintained the highest LAI.
These results suggest that foliar sprays, especially comfrey applied once a week may
enhance early canopy development, but this effect does not necessarily persist to later
stages.
5.3 The Effect of Cattle Manure Combined with Foliar Sprays of Blackjack and
Comfrey Leaf Extracts on Yield and Protein of Common Beans

For harvest index, significant effects of both manure and foliar spray treatments
were observed. The harvest index measures how efficiently the plant converts biomass
into grain yield. For manure, the best results were found in the highest rate (M2,
0.40389) while for foliar sprays, in C2 (Comfrey, twice a week) and B1 (Blackjack,
once a week). Manure derived organic matter enhances soil health, nutrient availability,
and water retention, all of which can have a good impact on grain yield and biomass
production, potentially raising HI (Mahmood et al., 2017). The capability of foliar
sprays to advance the HI, shows that foliar extracts can boost the effectiveness of
resource allocation to economic yield (Gulmezoglu & Kinaci, 2007). Though interaction
was not significant, the highest HI values were seen when M2 was paired with either B1
or C2. This suggest that both organic manure and targeted foliar nutrition can improve
the efficiency of biomass partitioning into grain.

Hundred Seed Weight (HSW) was also significantly affected by both manure and
foliar spray treatments. HSW reflects seed size, yield quality and market value. The
highest HSW was recorded for M2 (45.51 g), followed by M1 (43.96 g) and NPK (43.35
g), while the control (MO) had the lowest (41.06 g). Among foliar sprays, C1, B2, and
EG all exceeded 44 g, while the unsprayed control (FO) was lowest at 40.45 g. Although
the interaction was not significant, the combination of M2 and B2 produced the highest
HSW (47.95 g), suggesting that optimal seed filling occurs under high soil and foliar
nutrient availability. According to Tadesse et al. (2022), farmyard manure (FYM)
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improved soil health and nutrient availability, which led to a considerable rise in
hundred seed weight. They reported that FYM levels of 2.5-5 t/ha increased seed weight
because of enhanced nutrient uptake and root development. Additionally, by
encouraging microbial activity, this organic input improved plant development and
produced heavier seeds.

Most notably, yield per hectare was highly responsive to all factors and their
interaction (R? = 0.8831). The highest yield was achieved with treatment M2 (1652.31
kg hah), significantly outperforming all other manure treatments. This goes in the line
with Agronomiques et al., 2020), who reported that common beans treated with manure
produced high yield ( 838.58 kg ha™) comparing to the control ( 651.72 kg ha™).
Amongst foliar sprays, C2 (Comfrey, twice a week) produced the highest yield (1669.77
kg hal). The interaction between manure and foliar spray was also significant. The
combination of M2 and C2 resulted in the maximum yield (2373.88 kg ha'l), though the
combination of no manure and no foliar spray (M0 x FO) formed the lower yield (899.09
kg hal). This validates a strong complementary effect when high rates of manure are
combined with frequent foliar application of Comfrey.

For the effect of treatments on the protein contents of common beans seeds, no
main or interaction significant effects were revealed. The highest protein content was
in M2 with the average of 24.87% while MO had the lowest protein content of 19.37%,
that ranges with the normal protein content in common beans which is 16-33%. A study
by Munyiri et al. (2019), on the effect of fertilizer inputs on climbing bean production
in Mbeere north subcounty, showed that organic fertilizers at least under the conditions
of the study, did not lead to any noticeable changes in the protein levels of the beans. The
findings draw attention to the fact that although fertilizer can help boost bean yield, it

may not always raise the protein content of the beans.

49



CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions

The broad objective of the study was to contribute to to food and nutritional
security in Kenya though increasing nutrient uptake, growth, yield and nutritional
quality of common beans (Phaseolus vulgaris L.) by applying cattle manure and foliar
spray derived from comfrey (Symphytum officinale L.) and blackjack (Bidens pilosa L.)
leaf extracts.

Based on the results of this study, the following conclusions are drawn:

i.  Compared to NPK fertilizer and lesser manure rates, cattle manure applied
at 10 t ha't (M2) considerably raises the nitrogen concentration in bean tissues (24.87%).
No significant rises in phosphorus and potassium concentrations in bean tissues were
observed from the treatments, possibly due to nutrient fixation in acidic soils and
dilution effects in foliar extracts.

ii.  The maximum common bean yield (2373.88 kg/ha) are obtained by
combining high-rate cattle manure (10 t/ha, M2) with twice-weekly comfrey foliar spray
(C2), demonstrating the synergistic advantages of integrating soil and foliar nitrogen
sources. This integrated strategy confirmed its worth in enhancing productivity by
improving biomass, seed weight, and harvest index.

6.2 Recommendations

In areas with similar conditions as the study area,

i.  Application of at 10 t ha cattle manure is recommended for improving
nitrogen concentration in common bean.

ii.  Combining 10 tha cattle manure with twice-weekly comfrey foliar spray is
recommended for increasing common bean yield.

6.3 Areas of Further Studies

I Integrated approaches used in this study can be tested in acid soils with lime
application and the effect on phosphorus and potassium uptake by common bean
evaluated.

ii.  Further research can be done on the effect of various manure types

combined with foliar sprays of comfrey and blackjack extracts on common bean yield.
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21.47
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18.13
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15.34
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21.14
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11.60
17.38
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28.97
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Appendix B: Data for Number of Branches
V5

Manure Foliar
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Appendix C: Data for Biomass

Manure Foliar
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49.33
30.54
41.06
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21.84
52.72
37.62
34.02
41.93
50.05
40.14
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41.59
44.15
51.59
43.05
31.94
31.63
50.17
37.44
29.43
51.55
60.46
41.78
48.00
31.99
4454
47.49
42.35
35.68
44.09
40.93
31.49
41.15
42.70
50.62
39.95
48.55
55.59
52.66
33.61
33.34
48.56
43.93
36.09
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M1 EG 2 45.71
M2 EG 2 59.18
NPK EG 2 50.34
MO FO 3 37.10
M1 FO 3 29.97
M2 FO 3 38.78
NPK FO 3 42.41
MO Bl 3 31.05
M1 Bl 3 24.36
M2 Bl 3 38.58
NPK Bl 3 37.55
MO B2 3 30.43
M1 B2 3 41.15
M2 B2 3 39.22
NPK B2 3 46.88
MO C1 3 33.93
M1 C1 3 45.32
M2 C1 3 43.13
NPK C1 3 40.66
MO C2 3 28.95
M1 C2 3 29.24
M2 C2 3 49.00
NPK C2 3 35.62
MO EG 3 37.63
M1 EG 3 34.90
M2 EG 3 44.64
NPK EG 3 31.67

Appendix D: Data for Harvest Index
Manure Foliar Block HI

MO FO 1 0.34
M1 FO 1 0.37
M2 FO 1 0.42
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M1 EG 3 0.3
M2 EG 3 0.33
NPK EG 3 0.34

Appendix E: Data for Hundred Seed Weight
Manure Foliar  Block  Weight

MO FO 1 38.02
M1 FO 1 39.52
M2 FO 1 40.13
NPK FO 1 41.19
MO Bl 1 41.27
M1 Bl 1 45.13
M2 Bl 1 49.51
NPK Bl 1 43.01
MO B2 1 43.64
M1 B2 1 50.59
M2 B2 1 52.08
NPK B2 1 46.4

MO C1 1 42.8

M1 C1 1 47.77
M2 C1 1 49.41
NPK C1 1 42.65
MO C2 1 41.4

M1 C2 1 44.03
M2 C2 1 46.08
NPK C2 1 43.22
MO EG 1 41.25
M1 EG 1 44.46
M2 EG 1 45.44
NPK EG 1 47.92
MO FO 2 39.05
M1 FO 2 39.96
M2 FO 2 40.81
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Appendix F: Data for Yield

Manure Foliar
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hat)
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949.01
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1468.28
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Appendix G: Analysis of Variance for Nitrogen

Source DF SS Mean Square FValue Pr>F
Block 2 0.15560278 0.07780139 14.97 <.0001
Manure 3 0.22140417 0.07380139 14.20 <.0001
Foliar 5 0.28747361 0.05749472 11.06 <.0001
Manure*Foliar 15 0.10282083 0.00685472 1.32 0.2301
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Appendix H: Analysis of Variance for Height

At stage V3
Source DF Type I11 SS Mean Square FValue Pr>F
Block 2 9.21947500 4.60973750 6.12 0.0044
Manure 3  60.70819444 20.23606481  26.85 <.0001
Foliar 5 10.68071667 2.13614333 2.83 0.0259
Manure*Foliar 15 9.69723889 0.64648259 0.86 0.6122
At stage V4
Source DF Type Il SS Mean Square F Value Pr>F
Block 2 9.0910583  4.5455292 3.47 0.0396
Manure 3 117.90850  39.3028347 29.98 <.0001
Foliar 5 25.815729  5.1631458 3.94 0.0047
Manure*Foliar 15 36.241720  2.4161147 1.84 0.0570
At Stage V5
Source DF  Type Il SS Mean Square FValue Pr>F
Block 2 65.8296028 32.9148014 9.76 0.0003
Manure 3 239.2105153  79.7368384 23.65 <.0001
Foliar 5 19.2382069 3.8476414 1.14 0.3524
Manure*Foliar 15  62.1492097 4.1432806 1.23 0.2858
At R6 stage
Source DF Type 111 SS Mean Square FValue Pr>F
Block 2 39.0138250 19.5069125 4.27 0.0199
Manure 3 462.6698597 154.2232866  33.77 <.0001
Foliar 5 43.6285292 8.7257058 1.91 0.1108
Manure*Foliar 15 128.6435653 8.5762377 1.88 0.0517
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Appendix I: Analysis of Variance for Biomass at Stage R1

Source DF Anova SS Mean Square F Value Pr>F
Block 2 542.002436 271.001218 15.38 <.0001
Manure 3 1421.770778 473.923593 26.89 <.0001
Foliar 5 533.836594 106.767319 6.06 0.0002
Manure*Foliar 15 1318.508272 87.900551 4.99 <.0001

Appendix J: Analysis of Variance for Harvest Index

Source DF  TypelSS Mean Square  F Value Pr>F

Block 2 5.94945899  2.97472950 5.06 0.0103

Manure 3 9.67548075  3.22516025 5.49 0.0026

Foliar 5 18.1006948  3.62013898 6.16 0.0002

Manure*Foliar 15 8.98765743  0.59917716 1.02 0.4531

Appendix K: Analysis of Variance for Hundred Seed Weight

Source DF Type 111 SS Mean Square F Value Pr>F

Block 2 4.35935321 2.17967661 3.35 0.0438

Manure 3 14.25951423 4.75317141 7.31 0.0004

Foliar 5 16.02240774 3.20448155 4.93 0.0011

Manure*Foliar 15 6.06887622 0.40459175 0.62 0.8413

Appendix L: Analysis of Variance for Yield

Source DF Anova SS Mean Square FValue Pr>F

Block 2 0.86382940 0.43191470 2.06 0.1389

Manure 3 28.27765411 9.42588470 44,99 <.0001

Foliar 5 17.23036602 3.44607320 16.45 <.0001

Manure*Foliar 15 14.72329532 0.98155302 4.68 <.0001
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Abstract

Connnon bean (Phaseolus vulgaris L) is important legume crop for mutritional and food security in Kenya. Declining soif fertility
in small holder farms, as a result of limited or non-application of inorganic fertlizer, because of rising costs, has resulted in low
production. The aim of the study was to investigate the effect of cow manure combined with foliar sprays of black jack (Bidens
pilosa L.} and comirey (Symphytum officinale L) extracts on growth, yield and nutritional quality of common bean. A 4 x &
factorial experiment in a randomized complete block design (RCBD) with 3 replicates was conducted in Egerfon Universin'’s
research Field 7 for two cropping seasons. Four fertilizer levels were 0, 5, 10 t ha* of cow manure and 148.15 kg ha” NPK (27-
27-27) fertilizer, as a positive control. In addition, six foliar spray treatments; no spray (control), comfrey spray applied once(C1)
or twice weekly(C2), black jack spray applied once(B1) or twice (B2) weekly and commercial Easy Grow spray (EG) (positive
control), applied every 14 days at the rate of 3 kg ha” were used. Soil samples were collected before the experiment set up for
analysis of initial chemical and physical properties. Data on yield parameters. including harvest index, hundred seed weight. yield
per ha, and protein content in seeds were collected at harvest. The Shapiro-Wilk test was used to ascertain the normality of data
and analysis of varfance was performed using Proc GLM in Swatistical Analvsis Software (SAS). Tukey’s Honestly Signific ant
Difference was used to compare the means ar P<0.05. Compared to lesser © rates, 1 M2 (10 1 ha '} of cow manure
performed better than other manures and control, it produced taller plamts, move branches, higher biomass, great pod number,
high seed weight, and yield than the control and lower manure rates. The effects of foliar spraying varied by stage; at the V4 stage,
comfrey once & week (C1) and Black Jack sprayed twice a week (B2) increased plant height and the leaf area index, while C2
feomfrey twice a week) produced the most grain. The combination of M2 and C2 produced the maximum yield (2373.88 kg ha ),
which can be recommended for beans production.

Keywords: Common beans, Cow manure, Follar spray
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