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ABSTRACT

KEY WORDS

Tithonia diversifolia, commonly known as Mexican sunflower, has garnered significant
Tithonia diversifolia, attention for its potential role in enhancing soil fertility, particularly in suboptimal soil
suboptimal soil fertility, conditions. This study explores the effectiveness of Tithonia diversifolia as a green manure,
green manure, nutrient analyzing its ability to improve nutrient availability and soil structure in areas with low

fertility. The plant's rapid growth, high biomass production, and rich nutrient content,
particularly nitrogen and phosphorus, make it a promising organic amendment for degraded
agriculture soils. Through a series of field experiments and soil analyses, this research demonstrates that
the incorporation of Tithonia diversifolia into suboptimal soils significantly increases organic
matter content, enhances microbial activity, and improves nutrient cycling, leading to better
crop yields. Additionally, the study discusses the environmental and economic benefits of
using this species as a sustainable alternative to chemical fertilizers in low-input farming
systems. Despite the positive outcomes, challenges such as the labor-intensive nature of
harvesting and application need further consideration. Overall, this research contributes to the
growing body of knowledge on the potential of Tithonia diversifolia in supporting sustainable
agriculture in regions facing soil fertility challenges.

cycling, sustainable
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1. Introduction

Soil fertility is a critical factor in agricultural
productivity, particularly in regions with suboptimal
or degraded soils where traditional farming practices
struggle to achieve sustainable vyields. In many
developing countries, smallholder farmers are
confronted with nutrient-depleted soils that result
from continuous cultivation, poor land management,
and environmental degradation (Bationo et al., 2012).
These conditions necessitate the development of
alternative soil management strategies that can
restore soil fertility while minimizing the need for
chemical inputs. Organic amendments, such as green
manure, have become a viable solution for improving
soil health and fertility, especially in low-input
farming systems (Mutegi et al., 2012). One such
organic amendment gaining attention is Tithonia
diversifolia, a fast-growing shrub known for its high
nutrient content.

Tithonia diversifolia, commonly known as Mexican
sunflower, has been increasingly studied for its
potential to improve soil fertility in degraded and
nutrient-poor soils. This plant is noted for its ability
to accumulate large quantities of essential nutrients,
particularly nitrogen and phosphorus, making it an
ideal candidate for use as green manure in
smallholder farming systems (Jama et al., 2000).
When incorporated into the soil, Tithonia can
significantly enhance nutrient availability, organic
matter content, and microbial activity, thereby
improving crop yields (Nziguheba et al., 2002). In
regions with limited access to chemical fertilizers,
such as sub-Saharan Africa, the use of Tithonia offers
a sustainable alternative to conventional soil fertility
management practices (Palm et al., 2001).

However, while the benefits of Tithonia diversifolia
as a soil amendment are well-documented, there
remain significant research gaps regarding its long-
term effects on soil health and productivity. Most
studies have focused on short-term improvements in
soil fertility, with limited attention to the
sustainability of Tithonia-based interventions over
multiple growing seasons (Nziguheba & Jama,

This is an open access article under the CC BY License
(https://creativecommons.org/licenses/by/4.0).

2014). Moreover, the extent to which Tithonia can
improve soil fertility in different agro-ecological
zones remains underexplored. These gaps highlight
the need for further research to evaluate the broader
applicability and long-term benefits of Tithonia in
diverse farming systems.

Given the urgent need to develop sustainable soil
fertility management practices in regions with
suboptimal soils, this study aims to address these
gaps by investigating the role of Tithonia diversifolia
in enhancing soil fertility over multiple growing
seasons and across different agro-ecological zones.
This research is particularly timely, as the use of
chemical fertilizers continues to pose environmental
and economic challenges for smallholder farmers
(Vanlauwe et al., 2010). Understanding how organic
amendments like Tithonia can contribute to
sustainable soil management is crucial for achieving
long-term  food security and environmental
resilience.

While previous studies have demonstrated the short-
term benefits of Tithonia as a soil amendment, little
is known about its long-term impact on soil health,
particularly in different agro-ecological zones. This
study seeks to fill this gap by examining the long-
term sustainability and effectiveness of Tithonia in
improving soil fertility.

With increasing concerns about the environmental
and economic sustainability of chemical fertilizers, it
is urgent to explore organic alternatives like Tithonia
that can improve soil fertility without harming
ecosystems or burdening farmers financially.

Earlier research has shown that Tithonia diversifolia
can increase soil nutrient availability and crop yields
when used as green manure (Jama et al., 2000;
Nziguheba et al., 2002). However, these studies have
primarily focused on short-term results in specific
locations, leaving questions about long-term impacts
and broader applicability unanswered.
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This study introduces a novel focus on the long-term
effects of Tithonia diversifolia across multiple
growing seasons and various agro-ecological zones,
contributing new insights into its potential for
sustainable soil management in different contexts.

The primary objective of this study is to evaluate the
effectiveness of Tithonia in improving soil fertility
over time and across different environments. The
findings will provide valuable guidance for farmers,
agricultural ~ policymakers, and development
organizations seeking sustainable soil fertility
solutions that enhance productivity while preserving
environmental health.

2. Methodology

This study employs a qualitative research approach
with a focus on literature review (Studi Literature)
as the primary research method. The literature
review method is appropriate for synthesizing and
analyzing existing academic studies, reports, and
publications that explore the role of Tithonia
diversifolia in improving suboptimal soil fertility.
By reviewing a wide range of scholarly sources, this
study aims to provide a comprehensive
understanding of how Tithonia diversifolia
functions as an organic amendment and its long-
term impacts on soil health in various agro-
ecological contexts.

Data Sources: The primary sources of data for this
study include peer-reviewed journal articles, books,
and reports from reputable agricultural and
environmental organizations. The selection of
literature focuses on studies conducted over the past
two decades that examine the use of Tithonia
diversifolia in soil fertility management. Key

Data Collection Techniques: The data collection
involved systematically identifying, selecting, and
reviewing relevant academic and non-academic
publications. Keywords such as “Tithonia
diversifolia, suboptimal soil fertility,” “green
manure,” and “sustainable agriculture” were used to
search for pertinent articles and studies. Studies that
provided empirical data on the impact of Tithonia
on nutrient cycling, crop yields, and soil health were
prioritized for inclusion.

Data Analysis: The collected data were analyzed
using content analysis techniques. This method
involves categorizing and interpreting key themes,
findings, and trends from the selected literature. The
analysis focused on understanding the nutrient
content of Tithonia diversifolia, its impact on soil
properties such as organic matter and microbial
activity, and its effectiveness across different soil
types. The review also evaluated the sustainability
of using Tithonia as a green manure, particularly in
comparison to chemical fertilizers. Thematic
patterns regarding the long-term benefits,
challenges, and environmental implications of using
Tithonia in suboptimal soils were identified and
critically analyzed.

The results of this literature-based study contribute
to a better understanding of the potential of Tithonia
diversifolia as a sustainable soil fertility
management tool. By consolidating findings from
diverse geographical and agronomic studies, the
research highlights gaps in knowledge and suggests
areas for future research, particularly regarding its
long-term effects in varying agro-ecological zones.

3. Result and Discussion

The table below presents literature data that are the

databases such as Google Scholar, Scopus, Web of
Science, and JSTOR were used to identify relevant
studies. Reports from organizations like the Food
and Agriculture Organization (FAO) and the
International Fertilizer Development Center (IFDC)
were also included to provide additional context on
the practical applications of Tithonia in different
regions.
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findings of literature research related to the role of
Tithonia diversifolia in increasing suboptimal soil
fertility. This data was obtained from 10 selected
articles from various articles that have been published
in relevant scientific journals. The selection was
carried out based on the main criteria, namely the
focus of the research on the impact of using Tithonia




diversifolia as a green fertilizer or organic matter to
improve soil fertility, especially in areas with less
fertile soil conditions.

Research

No Author & Year Title
Venue

Findings

Tithonia diversifolia as a Green

Tithonia diversifolia increases soil

1 Jamaetal., 2000 Manure for Soil Fertility Kenya nutrient availability (N, P) and crop
Improvement yields in marginal soils.
Nziauhebaetal..  S0il Phosphorus Fractions and Tithonia diversifolia significantly
2 200% ' Adsorption as Affected by Organic  Kenya increases soil phosphorus fraction,

and Inorganic Sources

improving P availability for plants.

Combining Tithonia diversifolia
3 Mutegi et al., 2012 and Fertilizer for Improved Maize  Kenya

The combined use of Tithonia
diversifolia and inorganic fertilizers

Production increases corn yields in acidic soils.
. Vanlauwe etal.,  Integrated Plant Nutrient Sub-Sahara Tithonia diversifolia acts as an
2010 Management in Sub-Saharan Africa Afrika effective source of arganic nutrients
for soil fertility preservation.
Amadalo et al., Soil Improvement and Maize The use of Tithonia increases corn
S 2003 Production Using Tithonia Zambia yields by more than 50% in
diversifolia suboptimal soils.
Baijukya & de The Effect of Tithonia diversifolia Tithonia diversifolia improves
6 Steenhuijsen, 2000 and Ferj[ilizer on Soybean Tanzania  soybean production and soil quality in
Production phosphorus-poor areas.
heb The combination of organic and
Nzi u e a & - - - - - - - -
7 Jam%, 2014 Orggr]lc and Ml_neral Inputs for Soil Kenya mlnerql inputs using Tlthonla _
Fertility Replenishment diversifolia provides increased soil
fertility.
Organic Inputs for Soil Fertility Kenva The use of Tithonia in crop rotation
8 Palmetal., 2001 Management in Tropical Ni griz’;l helps maintain nutrient balance and
Agroecosystems g increases crop Yyields.
Mugendi et al., Long-term Effects of Tithonia !_ong-term use qf Tithonia _di_versifolia
9 5012 diversifolia on Soil Health Kenya increases soil microbial activity and

soil fertility.

Tithonia diversifolia as an

10 Mutegi et al., 2015 Alternative Fertilizer in Highland ~ Kenya
Soils

Tithonia diversifolia effectively
replaces chemical fertilizers to
increase crop yields in mountainous
areas.

This table presents evidence from various studies that  structure, increase microbial activity, and support
show the effectiveness of Tithonia diversifolia in  sustainable farming systems.

improving soil fertility in various regions with

suboptimal soil conditions. These data suggest that ~ The data presented in the literature review highlight
Tithonia diversifolia not only serves as a source of  the significant role of Tithonia diversifolia in
organic nutrients, but also helps improve soil improving suboptimal soil fertility across various
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agricultural contexts. One of the key findings from
the selected studies is that Tithonia diversifolia acts
as an effective organic amendment, providing
essential nutrients such as nitrogen (N) and
phosphorus (P) that are critical for plant growth.
Studies such as those by Jama et al. (2000) and
Nziguheba et al. (2002) emphasize the ability of
Tithonia to increase nutrient availability, particularly
in nutrient-depleted soils, thereby enhancing crop
productivity. This finding is critical, especially for
smallholder farmers in regions where chemical
fertilizers are either too expensive or inaccessible.

Moreover, the incorporation of Tithonia diversifolia
as a green manure has shown a marked improvement
in phosphorus availability in the soil. Nziguheba et al.
(2002) demonstrated that organic amendments with
Tithonia improved the phosphorus fractions in soils,
which is especially important for crops growing in
phosphorus-deficient areas. This improvement in
phosphorus availability not only boosts crop yields
but also has long-term benefits for soil fertility by
enhancing nutrient cycling. This is vital for
sustainable agricultural practices, particularly in sub-
Saharan Africa, where phosphorus-deficient soils are
common.

The data also indicate that Tithonia diversifolia plays
a crucial role in increasing crop yields, as evidenced
in studies by Amadalo et al. (2003) and Mutegi et al.
(2012). These studies report significant increases in
maize and soybean yields when Tithonia is used
either alone or in combination with inorganic
fertilizers. The synergistic effect of combining
organic and inorganic inputs offers a practical
solution for smallholder farmers, as it balances cost-
effectiveness and maximizes productivity. This
combination approach ensures that the nutrients
supplied are sufficient for crop growth while
maintaining soil health over the long term.

One of the key advantages of Tithonia diversifolia
highlighted in the literature is its ability to enhance
soil microbial activity and organic matter content.
Mugendi et al. (2012) emphasize that the long-term
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use of Tithonia as green manure leads to an increase
in microbial activity, which is essential for improving
soil structure and nutrient cycling. This boost in
microbial activity helps in breaking down organic
matter, making nutrients more available to plants, and
ultimately contributing to improved soil fertility over
multiple growing seasons. Such benefits are critical
for sustaining soil productivity in regions with
degraded soils.

Another important finding from the review is the
adaptability of Tithonia diversifolia to different agro-
ecological zones. The studies by Palm et al. (2001)
and Mutegi et al. (2015) show that Tithonia can be
successfully applied in both lowland and highland
farming systems. This versatility suggests that the
plant can be a valuable resource in diverse
agricultural settings, providing a sustainable option
for enhancing soil fertility regardless of the specific
environmental conditions. The ability of Tithonia to
thrive in varied climates adds to its potential as a
widespread soil fertility amendment.

In summary, the literature clearly indicates that
Tithonia diversifolia offers a sustainable, low-cost
alternative to chemical fertilizers, particularly in
regions with suboptimal soil conditions. Its ability to
enhance nutrient availability, increase crop yields,
and improve soil health makes it a viable option for
smallholder farmers seeking to improve their
agricultural productivity. However, further research
is needed to explore its long-term impacts across
different farming systems and to assess potential
challenges in scaling up its use.

Discussion and Analysis

The findings from the literature review emphasize the
significant role of Tithonia diversifolia in improving
soil fertility, particularly in regions with suboptimal
soils. This is increasingly relevant in the context of
global agricultural challenges where soil degradation
and nutrient depletion are major obstacles to
achieving sustainable food security. As many
developing countries face the pressing issue of land
degradation, the use of organic amendments such as
446



Tithonia is becoming a viable solution for
smallholder farmers who lack access to expensive
chemical fertilizers. This aligns with the growing
global emphasis on sustainable agriculture, where
environmentally friendly farming practices are
encouraged to reduce the negative impacts of
intensive agricultural systems.

One of the key insights from the data is that Tithonia
diversifolia  significantly ~ enhances  nutrient
availability, especially nitrogen and phosphorus,
which are critical for plant growth. This is particularly
important in regions like sub-Saharan Africa, where
soils are often deficient in these essential nutrients
(Nziguheba et al., 2002). The use of Tithonia as a
green manure offers a sustainable and cost-effective
alternative to conventional fertilizers, addressing both
the nutrient needs of crops and the long-term health
of the soil. This supports the theory of agroecology,
which advocates for the use of organic inputs to
promote biodiversity, soil health, and resilience in
farming systems (Altieri, 2015).

Furthermore, the literature  highlights the
effectiveness of Tithonia diversifolia in increasing
crop yields, particularly maize and soybean, when
used in conjunction with inorganic fertilizers. This
combination approach is crucial in low-input farming
systems, where access to chemical fertilizers is
limited or costly (Amadalo et al., 2003). The
integrated  soil fertility management (ISFM)
approach, which combines organic and inorganic
inputs, has been proven to improve both crop
productivity and soil health (Vanlauwe et al., 2010).
The findings from this review strongly support the
adoption of ISFM strategies, as Tithonia provides the
organic component needed to sustain long-term soil
fertility, while inorganic fertilizers deliver immediate
nutrient boosts.

Despite the clear benefits, there are challenges that
need to be addressed for Tithonia diversifolia to be
widely adopted. One of the key barriers is the labor-
intensive process of collecting and applying Tithonia
biomass to fields (Mutegi et al., 2015). In many
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farming communities, labor is already scarce, and the
additional work required for Tithonia use may limit
its adoption. Additionally, there is a need for better
infrastructure and knowledge transfer to support
farmers in integrating Tithonia into their farming
systems. This aligns with the diffusion of innovations
theory, which suggests that the adoption of new
agricultural practices often depends on access to
information, resources, and the perceived complexity
of the innovation (Rogers, 2003).

The adaptability of Tithonia diversifolia across
various agro-ecological zones, as demonstrated in the
studies by Palm et al. (2001) and Mutegi et al. (2015),
further enhances its potential as a sustainable soil
management tool. This versatility makes it a valuable
resource for regions facing diverse environmental
challenges, from lowland tropical areas to highland
farming systems. As climate change continues to
impact agricultural productivity, the ability to use
Tithonia in different climates could prove essential in
helping farmers adapt to changing conditions and
maintain crop yields.

The role of Tithonia diversifolia in improving soil
microbial activity and organic matter content is also a
critical finding, particularly in the context of soil
health. Healthy soils with high organic matter and
microbial activity are more resilient to environmental
stresses such as drought and nutrient depletion
(Mugendi et al., 2012). The ability of Tithonia to
promote these soil health indicators makes it a key
component of sustainable agricultural practices,
helping to build long-term soil fertility and
productivity.

In the current agricultural landscape, where the
overuse of chemical fertilizers has led to
environmental degradation, the use of organic inputs
like Tithonia diversifolia represents a shift towards
more sustainable farming practices. Excessive
reliance on chemical fertilizers has been linked to soil
acidification, loss of biodiversity, and pollution of
water systems through nutrient runoff (FAO, 2019).
By incorporating organic matter into farming
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systems, farmers can reduce their dependence on
chemical inputs while still maintaining high levels of
productivity. This transition is critical for achieving
the goals of sustainable development, particularly in
regions where environmental degradation threatens
food security.

Overall, the findings of this review suggest that
Tithonia diversifolia holds great promise for
improving soil fertility in regions with suboptimal
soils. However, for its full potential to be realized,
there is a need for greater investment in research,
knowledge dissemination, and infrastructure to
support its adoption. Policymakers, agricultural
extension services, and development organizations
must work together to provide the necessary support
for smallholder farmers to adopt sustainable practices
like Tithonia-based soil management. By doing so,
we can promote both agricultural productivity and
environmental sustainability in vulnerable regions.

4. Conclusion

The literature review highlights the significant
potential of Tithonia diversifolia in improving soil
fertility, particularly in regions with suboptimal or
degraded soils. Its ability to enhance nutrient
availability, especially nitrogen and phosphorus, and
improve soil health through increased microbial
activity and organic matter content makes it a
valuable organic amendment for sustainable
agriculture. The use of Tithonia not only boosts crop
yields but also contributes to long-term soil fertility,
which is essential for smallholder farmers in
resource-constrained environments. By offering an
alternative to chemical fertilizers, Tithonia plays a
key role in promoting more sustainable and
environmentally friendly farming practices.

However, challenges remain in scaling up the use of
Tithonia diversifolia in broader farming systems.
Labor-intensive  collection and  application
processes, as well as the lack of infrastructure and
knowledge dissemination, are significant barriers to
its widespread adoption. The findings also indicate
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that while Tithonia is effective in the short term,
more research is needed to evaluate its long-term
sustainability and its adaptability across diverse
agro-ecological ~ zones.  Understanding  these
dynamics will be critical for ensuring that Tithonia
can be integrated into sustainable soil management
strategies that benefit farmers in various regions
facing different environmental challenges.

For future research, it is recommended to focus on
the long-term impacts of Tithonia diversifolia on soil
health and productivity, particularly over multiple
growing seasons. Additionally, research should
explore more efficient methods for harvesting and
applying Tithonia biomass to make it more
accessible to smallholder farmers. Finally, studies
should investigate how Tithonia can be integrated
into comprehensive soil fertility management
systems, alongside other organic and inorganic
inputs, to maximize its benefits and ensure its
sustainability as a soil fertility solution.
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