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Abstract

Tithonia diversifolia (Helms.) A. Gray., is a robust shrubby forage plant with high biomass production
(stem and leaves) and nutritional value. This study was aimed at evaluating the biomass production and
nutrient profile of Tithonia diversifolia (TD) at different growth stages in order to determine the optimal
stage for maximum productivity and nutritional value of the plant as fodder for ruminants in the tropics.
The study site is located within the tropical rainforest zone of southwestern Nigeria Tithonia diversifolia
was established in a completely randomized block design with three replications and were harvested at 4,
8 and 12 weeks of growth. Results revealed that all parameters (fresh yield and dry matter yield (t/ha), leaf,
stem and crude protein DM yield (t/ha), plant height (cm), no of leaves per stand, leaf:stem ratio) measured
for production potential increased significantly (p < 0.05) with age of maturity, except leaf dry matter yield.
Dry matter (DM) and crude protein (CP) yield ranged from 3.23 to 6.43and 0.73 to 1.82 t/ha for 4 - 12
weeks old plants, respectively. The DM increased significantly from 4 to 12 weeks old plants, ranging from
68.93 t0 72.64; 81.03 t0 82.88 and 73.35t0 78.12% for leaf, stem and leaf plus stem respectively. The CP
content decreased significantly with age. Highest CP (28.00 %) was obtained in 4 weeks old leaf, while
the lowest (0.73 %) was obtained in 12 weeks old stem. The neutral detergent fibre increased significantly
with age, recording the highest (54.24 %) for 12 weeks old stem and lowest (39.73 %) for 4 weeks old leaf.
Significant (p<0.05) differences were observed for macro and micro elements investigated. The macro and
micro mineral concentrations of leaf, stem and leaf plus stem decreased with maturity, with the leaf
recording highest concentrations of macro and micro elements than the stem and leaf plus stem, except for
potassium that is highest in the stem. Phytochemical contents were similar for different growth stages,
although the values obtained in this study were within limit that is safe for animal consumption. During the
study period (January — June, 2025), average monthly temperatures ranged between 27.04 °C and 28.15
oC, with relative humidity increasing from 78.75% during dry months to 81.65% at the onset of rainy
season. Rainfall typically begins in April, contributing to favourable growth conditions. Agro-
meterological variables were not directly measured in this study, however, Tithonia diversifolia exhibited
consistent biomass yield and nutrient composition across the 4-, 8-, and 12- week growth stages. This
suggests that the plant can maintain a good productivity and nutritional quality under the prevailing
climatic conditions typical of southwestern Nigeria during the study period. It can be concluded that
Tithonia diversifolia plant maintains a good production yield and nutrient composition under the prevailing
climatic conditions of the study region.

Keywords: Biomass production, nutrient profile, phytochemicals, stages of Growth and Tithonia
diversifolia
Running title: Developmental variation in Tithonia diversifolia yield and nutrients
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Résumé

Tithonia diversifolia (Helms.) A. Gray., est une plante fourragére arbustive robuste avec une production
de biomasse (tige et feuilles) élevée et une valeur nutritionnelle élevée. Cette étude visait a évaluer la
production de biomasse et le profil nutritionnel de Tithonia diversifolia (TD) a différents stades de
croissance afin de déterminer le stade optimal pour une productivité et une valeur nutritionnelle maximales
de la plante comme fourrage pour les ruminants sous les tropiques. Le site d'étude est situé dans la zone
de forét tropicale humide du sud-ouest du Nigeria. Tithonia diversifolia a été établi selon un plan en blocs
entierement randomisé avec trois répétitions et a été récolté a 4, 8 et 12 semaines de croissance. Les
résultats ont révélé que tous les paramétres (rendement en frais et en matiére seche (t/ha), rendement en
feuilles, en tiges et en protéines brutes MS (t/ha), hauteur de la plante (cm), nombre de feuilles par
peuplement, rapport feuille:tige) mesurés pour le potentiel de production augmentaient significativement
(p < 0,05) avec I'age de maturité, a I'exception du rendement en matiére séche des feuilles. Les rendements
en matiére séche (MS) et en protéines brutes (CP) variaient respectivement de 3,23 46,43 et de 0,73 4 1,82
t/ha pour des plants agés de 4 a 12 semaines. La MS a augmenté de maniere significative des plantes agées
de 4 &4 12 semaines, allant de 68,93 a 72,64 ; 81,03 &4 82,88 et 73,35 & 78,12 % pour la feuille, la tige et la
feuille plus tige respectivement. Le contenu en CP diminuait significativement avec I'age. Le CP le plus
élevé (28,00 %) a été obtenu dans une feuille 4gée de 4 semaines, tandis que le plus faible (0,73 %) a été
obtenu dans une tige agée de 12 semaines. La fibre au détergent neutre a augmenté de maniére significative
avec I'age, enregistrant la plus élevée (54,24 %) pour une tige agée de 12 semaines et la plus faible (39,73
%) pour une feuille agée de 4 semaines. Des différences significatives (p <0,05) ont été observées pour les
macro et micro éléments étudiés. Les concentrations de macro et micro minéraux de la feuille, de la tige et
de la feuille et de la tige diminuaient avec la maturité, la feuille enregistrant les concentrations de macro
et de micro éléments les plus élevées que la tige et la feuille et la tige, a I'exception du potassium qui est le
plus élevé dans la tige. Les contenus phytochimiques étaient similaires pour les différents stades de
croissance, bien que les valeurs obtenues dans cette étude se situent dans les limites de sécurité pour la
consommation animale. Au cours de la période d'étude (janvier - juin 2025), les températures mensuelles
moyennes variaient entre 27,04 0C et 28,15 0C, avec une humidité relative augmentant de 78,75 % pendant
les mois secs a 81,65 % au début de la saison des pluies. Les pluies commencent généralement en avril,
contribuant a des conditions de croissance favorables. Les variables agro-météorologiques n‘ont pas été
directement mesurées dans cette étude, cependant, Tithonia diversifolia a présenté un rendement en
biomasse et une composition en éléments nutritifs constants tout au long des stades de croissance de 4, 8
et 12 semaines. Cela suggere que la plante peut maintenir une bonne productivité et une bonne qualité
nutritionnelle dans les conditions climatiques typiques du sud-ouest du Nigeria pendant la période d'étude.
On peut conclure que la plante Tithonia diversifolia maintient un bon rendement de production et une
bonne composition nutritionnelle dans les conditions climatiques dominantes de la région d’étude.

Motsclés: production de biomasse, profil nutritionnel, composés phytochimiques, stades de croissance et
Tithonia diversifolia

Introduction security, rural income and socio-economic
Livestock production plays a vital role in the development (FAO, 2019). However, livestock
livelihoods of millions of people in tropical production in the tropics is constrained by
regions, contributing significantly to food inadequate availability of high-quality feed,
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especially during the dry season when pasture
biomass and nutritive value decline significantly
(Mako et al., 2018). In this context, the use of
multipurpose fodder shrubs such as Tithonia
diversifolia plant (commonly known as Mexican
sunflower) has gained attention due to their
potential to enhance ruminant nutrition (Kruger et
al., 2024) Tithonia diversifolia plant is a fast-
growing perennial shrub native to Central
America, but widely naturalized in tropical
regions of Africa, Asia and South America
(Lukuyu et al., 2023). It is recognized for its high
biomass yield, rapid regrowth and rich nutrient
content, particularly crude protein, minerals and
digestible fibre (Baloyi et al., 2022).

One of the critical factors influencing the
suitability of Tithonia diversifolia plant as
livestock feed is its stage of growth. As with
many forage species, both biomass yield and
nutritive value of Tithonia diversifolia plant vary
significantly with maturity. Typically, younger
foliage exhibits higher crude protein and
digestibility, while older plants yield more
biomass but with declining nutritional quality due
to increased fibre and lignifications (Ojo et al.,
2022). Understanding the optimal growth stage
for harvesting Tithonia diversifolia plant is
therefore crucial to maximize both yield and feed
quality for ruminants.

Recent research efforts have focused on
evaluating the adaptability, productivity and the
feeding value of Tithonia diversifolia plant under
different agro-ecological conditions in the tropics
(Paumier et al., 2022). However, there remain a
knowledge gap concerning the precise changes in
biomass yield and nutritional profile of different
plant parts (leaf, stem and leaf plus stem) across
specific phonological stages, especially under
tropical field conditions.

This study was aimed at assessing the biomass
production and nutritive composition of
morphological parts of Tithonia diversifolia
harvested at different growth stages, with the goal
of identifying the optimal harvest time for use as

112

a high-quality ruminant feed in the tropical
environments.

Materials and methods

Cultivation of Tithonia diversifolia

Tithonia diversifolia Hemsl.A. Gray was planted
in the Teaching and Research Farm of College of
Agriculture and Hospitality Management, Tai
Solarin University of Education, ljagun, ljebu-
Ode. The location is 7°21° N and 3° 45° S at an
altitude of between 200m and 300m above sea
level. The mean temperature is 25-29 °C with an
average rainfall of about 1250mm. The plant was
established in plots (10 x 12 m) with 30cm long
cuttings with nodes from green matured stems at
a spacing of 0.75mwithin row and2m across row.
The stem cuttings were inserted vertically at
10cm deep into the soil. The soil was loamy fine
sand and its pH was 6. Weeding was carried out
weekly in  experimental plots. Tithonia
diversifolia was sampled approximately 5 cm
above ground level using 1x1 m quadrant (three
replicates for each sampling) on 4, 8 and 12 week
old plant. Plants within the quadrant were
immediately weighed to determine fresh weight.
Six plants were randomly selected from each
guadrant and measured for plant heights, number
of leaves, then the leaves were separated from the
stems to determine the leaf to stem ratio.
Determination of the yield of dry matter

The yield of dry matter per unit area of leaf, stem
and leaf plus stem fractions and CP yield per unit
area of leaf, stem and leaf plus stem were
estimated from fresh weight, DM and CP
contents of each fraction

Collection and Processing of Weather Data
Daily rainfall, air temperature, relative humidity,
and sunshine hours were collected from February
to May 2025 at the ljebu-Ode Office of the
Nigeria Meteorological Agency. An Excel Pivot
Table was used to process the data into weekly
means.

Chemical Analysis

Chemical Composition
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Leaf, stem and leaf plus stem samples from each
quadrant were chopped and dried at 60 °C to
constant weight to determine dry matter
(DM).Dried samples at each stage of growth were
ground through 1-mm mesh and analyzed for the
contents of Crude Protein (CP), Ether Extract
(EE) ash (AOAC, 2023). Neutral detergent fibre
(NDF), Acid detergent fibre (ADF) were
determined according to Van Soest, 1995
procedure.

Analysis of minerals

A total of ten minerals were analysed. Plant parts
were digested with HNO; / HCIOs; mixtures
(nitric acid and perchloric acid) (20:5 v/v). The
digest was made up to 100 mL in standard
volumetric flask with deionzed water. Ca, Na, K,
Fe, Cu, Mn, Zn, Mg and Pb in the digest were
determined with the atomic absorption
spectrophotometer model 420. (Gallenkemp and
Co. Ltd). Phosphorus in the digest was estimated
with vanadomolybdate solution. The colour so
developed was read with spectrophotometer at
420 m/u.

Quantitative determination of tannin, saponin,
phenol and oxalate

Tannin contents were determined as described by
Bohm and Kocipai-Abyazan (1994). The method
of Peng and Kobayasli (1995) was used for
saponin analysis. While oxalate and phytate
contents were determined as described by Oke
(1969) and Maga (1983), respectively.
Statistical analysis

Data generated were analyzed in a Completely
Randomized Design using the general linear
model procedure (SAS, 2023) according to the
following statistical model: Yij= p + A + &y,
where A is effect of age of Tithonia diversifolia
plant. The differences among means were
separated using Duncan’s New Multiple Range
Test (Steel and Torries, 1980)

Results and Discussion
Table 1 presents the forage biomass of Tithonia
diversifolia (TD) at 4, 8 and 12 week old. The
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fresh and dry matter yield of TD increased
significantly (p<0.05) with forage maturity. This
is in agreement with the findings of Paumire et al.
(2022) who reported increase in the total edible
and dry matter biomass with forage maturity of
Tithonia divesifolia cutoff at 60, 90, 120, 150 and
180days. The value obtained here ranged from
14.88 — 58.21 and 2.32 - 6.43 t/ha for fresh and
dry matter yield respectively. This result
compared well with the values (14.33 - 43.00 and
2.08 — 6.25 t/ha for fresh and dry matter yield
respectively) reported for Tithonia diversifolia
plant by Nguyen et al. (2010). However these
values are higher and at variance to values of
0.77- 4.98 and 0.47 — 2.52 t/ha for fresh and dry
matter respectively reported by Mako et al.
(2018) for Alternanthera brasiliana plant.
Similar trend of progressive increase with
maturity was observed for leaf and stem dry
matter, they ranged from 1.25 — 3.18 and 0.68 —
1.12 t/ha respectively. This result is higher than
the value (2.68t/ha/yr) reported for leaf dry matter
yield of TD (Farinu et al., 1999). Although the CP
content of each plant part decreased with
increasing maturity (Paumire et al., 2022), the CP
yield of TD increased (P<0.05) significantly. This
response is attributable to the progressive
increased yield of the plant. However the CP
yield (0.60 — 1.82 t/ha for 4 and 12 week old
plant) obtained in this study were similar to
values of 0.50 — 1.62 t/ha for 4 and 12 week old
plant as reported for TD (Nguyen et al., 2010),
but higher than values (0.03 — 0.16 t/ha for 4 and
12 week old plant) reported for Alternanthera
brasiliana. (Mako et al., 2018). The leaf- stem
ratio decreased significantly (p<0.05) with
increasing maturity of TD. Normally, as forage
advance in maturity, the lower leaves senesced
and this resulted in decreasing proportion of
leaves with increasing proportion of stem
(Webber, 1993). Plant height and number of
leaves also follow same trend. This result is
consistent with the report of Nguyen et al. (2010).
Plant height and number of leaves ranged from
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25.4 — 78.35 cm and 35 - 90, respectively. This
result is higher than values reported elsewhere
(Nguyen et al., 2010), but lower than the value
range (31.97 — 12227 cm and 15 - 53,
respectively) reported by Mako et al., (2018) for
Alternanthera brasiliana at same age of cutting.
The 12 week old TD is leafier than 4 and 8 week
old plant. Forage production, which is the process
of growing and harvesting plant matter for

livestock feed, is influenced by multiple
factors. These include the specific forage species
and cultivars, soil quality, fertilization practices,
temperature, rainfall, and the season of growth as
reported by Perotti et al., 2021. Additionally,
factors like grazing intensity, plant density, and
the stage of maturity at harvest also significantly
impact forage yield and quality (Melo et al.,
2022).

Table 1: Production characteristics of 4, 8 and 12 week old Tithonia diversifolia

Stage of T. diversifolia growth (Weeks)

Production characteristics 4 8 12 SEM
Fresh yield (t/ha) 14.88° 28.34° 58.212 0.25
DM yield (t/ha) 3.23¢ 4.20° 6.432 0.10
Leaf DM yield (t/ha) 1.25 2.56 3.81 0.10
Stem DM vyield (t/ha) 0.68° 0.72° 1.12# 0.01
Crude protein DM vyield(t/ha) 0.73¢ 1.35P 1.822 0.02
Plant height (cm) 25.00° 56.25° 78.35° 0.15
Number of leaves/plant stand 45.00° 59.00° 78.002 2.00
Leaf-stem ratio 3.712 2.81° 2.10¢ 0.02

abc =means on the same row with different superscript differed significantly (p<0.05)

The chemical composition of different parts (leaf,
stem and leaf plus stem) of Tithonia diversifolia
plant at 4, 8 and 12 week old is shown in Table 2.
Significant (p<0.05) variations was observed for
all parameters measured. The dry matter ranged
between 68.93 and 82.88 % from 4 week old leaf
and 12 week old stem respectively. The crude
protein (CP) content of the different plant parts
decreased with increasing age of maturity, the
highest (23.03 — 28.00 %) CP content was
obtained in the leaf forl2 and 4 week old plant
respectively, while the lowest (0.76 — 1.23 %)
was obtained in the stem forl2 and 4 week old
plant respectively. This result is in agreement
with values reported in previous studies on
Alternanthera brasiliana by Mako et al., (2018),
who reported a value range of 21.53 — 25.53% CP
in 12 and 4 week old leaf respectively. This result
is also similar to the CP value (20.15%) reported
for Tithonia diversifolia leaf (Firsoni et al.,
2021), however, this result is higher than the CP
content of 13.61 — 15 91% and 13.33 -
15.95%reported for Tephrosia bracteolata and
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Gmelina arborea at 8 and 12 weeks old
respectively (Ojo et al.,2022). The reduced CP
content of the stem as the plant matures was
mainly due to rapid accumulation of fibrous
content (Mendez-Martinez et al., 2023). Maturity
has large influence on the CP content of forage
and its reduction with advancing maturity may be
attributed to (i) fodder mature increases
proportionally in the stem (ii) CP content fall in
all fractions with advancing maturity (Mendez-
Martinez et al., 2023).

The ash content of all plant parts decreased as the
plant matures; this is in agreement with reports of
Ojo etal. (2022). The highest range (12.63- 14.01
%) was observed in the leaf for 12 and 4 weeks
old plant respectively, while the lowest range
(5.14 — 8.00%) was recorded for 12 and 4 weeks
old stem, respectively. These ranges are in
agreement with the values reported elsewhere for
tropical legumes (Olayinka et al., 2015).

The neutral detergent fibre (NDF) and acid
detergent fibre (ADF) contents of leaf, stem and
leaf plus stem obtained here increased
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significantly (p<0.05) with maturity. Highest
NDF and ADF (53.24 and 20.01%) was obtained
in 12 old stem, while the lowest (39.73 and
lower18.37%) was recorded for 4 week old leaf
respectively. This result is lower than the findings

of Mako et al., (2018) who reported highest value
of 66.81 and 49.94 % for NDF and ADF in 12
weeks old stem and lowest value of 38.24 and
20.36 % in 4 weeks old leaf respectively for their
studies in Alternanthera brasiliana plant.

Table 2: Chemical composition (%) of leaf plus stem, leaf and stem of 4, 8 and 12 week old

Tithonia diversifolia

Stage of T. diversifolia growth (Weeks)

Chemical composition (%) 4 8 12 SEM
Leaf

Dry matter 68.93¢ 70.03° 72.64? 0.02
Crude protein 28.002 25.15° 23.03° 0.03
Ether extract 4.00% 2.86° 2.00¢ 0.01
Ash 14.01° 13.83° 12.63° 0.01
Neutral detergent fibre 39.73° 41.23° 43.20° 0.02
Acid detergent fibre 18.37¢ 20.15° 22.002 0.01
Stem

Dry matter 81.03° 81.97° 82.88% 0.02
Crude protein 1.232 1.00° 0.76° 0.06
Ether extract 0.30° 0.22° 0.18? 0.01
Ash 8.00° 6.82° 5.14¢ 0.01
Neutral detergent fibre 46.23° 48.14° 53.242 0.01
Acid detergent fibre 23.58° 26.13° 28.012 0.01
Leaf plus Stem

Dry matter 73.35¢ 75.83° 78.12% 0.02
Crude protein 25.222 22.28° 20.61° 0.05
Ether extract 1.152 1.10P 1.00¢ 0.01
Ash 11.23* 10.34° 9.25¢ 0.01
Neutral detergent fibre 43.20° 44.13° 46.27° 0.01
Acid detergent fibre 20.86° 22.98° 24.012 0.01

abc =means on the same row with different super script differed significantly (p<0.05)

Presented in Table 3 is the macro and micro
mineral contents of different parts of Tithonia
diversifolia plant at 4, 8 and 12 week old. This
result revealed that significant (p<0.05)
differences occurred among the leaf, stem and
leaf plus stem for macro and micro mineral
content of leaf, stem and leaf plus stem Tithonia
diversifolia plant. It was observed that, the
contents of the minerals decreased with
increasing maturity, with the highest value
occurring in the early stage of cutting (Mako et
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al., 2018). However, calcium on the contrary
increased with maturity. This could be attributed
to the fact that calcium is needed for proper
growth and functioning of root tips and
meristems, thus increasing mechanical strength
of the plant and the amount of cellular material
which is composed principally of this element
(Markovic et al., 2009). The highest (2.79%)
value of calcium was obtained in the 12 week old
leaf, while it was lowest (1.93%) was recorded in
the 4 weeks old stem. The performance and health
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status of grazing animals is dependent on the
adequacy and availability of essential minerals
from forages. It was observed that the leaf
contained higher concentrations of macro-
elements than the stem and leaf plus stem, except
for potassium, this report is in agreement with the
findings of Mako et al., (2018), who reported that
concentrations of most minerals are greater in the
leaves than in stems, but who also found
potassium concentrations to be greater in stems
than in leaves.

Generally, there is rapid uptake of mineral during
early growth and gradual dilution as the plant
matures. The present investigation has revealed
that concentration of microelements changed in
all plant parts, as well as in whole plant with plant

maturation. The considerable decline in the iron
concentration of Tithonia diversifolia stem with
increasing forage maturity and the consistently
high iron concentration of leaf are in agreement
with earlier study (Mako et al., 2018). The value
of iron was lowest in the stem, it ranged between
120.25 and 197.11 ppm in 12 and 4 weeks old
Tithonia diversifolia stem respectively, while the
highest (284.10 and 291.25 ppm) value was
obtained in the leaf for 12 and 4 weeks old
Tithonia diversifolia leaf, respectively. It was
observed that values obtained for all macro and
micro minerals are within the recommended
range for proper functioning of organs of
ruminants in the tropics (NRC, 2002).

Table 3: Macro and micro mineral content of leaf plus stem, leaf andstem of 4, 8 and 12

week old Tithonia diversifolia

Stage of T. diversifolia growth (Weeks)

Minerals 4 8 12 SEM
Leaf

Calcium (%) 2.430° 2.500° 2.790% 0.002
Phosphorus (%) 0.0152 0.014° 0.013° 0.001
Potassium (%) 0.730? 0.700P 0.660° 0.003
Sodium (%) 0.4512 0.4502 0.410° 0.0002
Magnesium (%) 0.6147 0.590? 0.510° 0.003
Iron (ppm) 291.25% 286.13° 284.10° 0.15
Manganese (ppm) 181.10% 180.20% 176.10° 0.10
Zinc (ppm) 51.207 50.01° 49.98° 0.05
Copper (ppm) 14.30° 13.67° 13.21° 0.15
Stem

Calcium (%) 1.930° 1.986° 2.002 0.003
Phosphorus (%) 0.0032 0.002° 0.001° 0.0001
Potassium (%) 0.810? 0.820° 0.783¢ 0.002
Sodium (%) 0.135% 0.130° 0.128° 0.001
Magnesium (%) 0.325? 0.320° 0.289° 0.002
Iron (ppm) 197.117 194.00° 120.25°¢ 1.125
Manganese (ppm) 135.2% 123.30° 98.85° 1.000
Zinc (ppm) 23.307 20.10° 18.82° 0.150
Copper (ppm) 13.182 10.32° 0.23¢ 0.050
Leaf plus tem

Calcium (%) 2.105° 2.109° 2.265% 0.0001
Phosphorus (%) 0.015% 0.012° 0.011° 0.001
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Potassium (%) 0.8532 0.831°
Sodium (%) 0.2342 0.229°
Magnesium (%) 0.4832 0.478°
Iron (ppm) 263.118 255.82°
Manganese (ppm) 158.112 155.01°
Zinc (ppm) 40.20° 38.45°
Copper (ppm) 11.812 11.01°

0.800° 0.003

0.221° 0.002

0.463° 0.002
241.33° 0.51
151.83°¢ 0.35
36.63° 0.15
10.23° 0.05

abc =means on the same row with different super script differed significantly (p<0.05)

Shown in Table 4 is the result of phytochemical
contents in the different parts (leaf, stem and leaf
plus stem) of Tithonia diversifolia at different
growth stages. It was observed that the values for
all phytochemicals investigated were similar. It
was observed that the leaf recorded the highest
values for all phytochemicals tested for 4, 8 and
12 weeks old plant. This assertion is in agreement
with the findings of Olayinka et al., (2015),
however, this is contrary to the findings of Mako
et al., (2018), who reported highest values of
phytochemicals in the leaf plus stem of
Alternanthera brasiliana plant. Tannin in this
study varied from 0.11 % in 12 week old stem to
0.42 % in 4 week old leaf. These values are
higher than the findings of Oluwanisola and
Dairo (2016), who reported 0.38 mg/100g for
tannin in Tithonia diversifolia cut at two different
times. The level of tannin obtained in this study
is lower than the range of 6 — 10 % considered to
depress feed intake and growth (Besharati et al.,
2022). Diets containing 2 to 3% tannin for
ruminants have been shown to have beneficial
effects because they reduce the protein
degradation in the rumen by forming a protein-
tannin complex (Brutti et al., 2023) thereby
increasing the amount of by-pass protein that will
be available in the small intestine for the animals
(Sanket et al., 2023). The presence of tannin in
this plant is an added advantage. Saponin content
ranged from 0.65% in 12 week old stem to 2.38%
in 4 week old leaf. These values are in agreement
with value range of 2.25 to 3.31% reported for
Moringa oleifera ,Gmelina arborea and Tithonia
diversifolia  (Aye, 2016). Same trend was
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observed for oxalate and phytate. It was observed
that phytate was high in Tithonia diversifolia, this
might cause bitter taste, that will make animals
reject it (Olayinka et al., 2015), but processing
like ensiling, sun drying; boiling or wilting might
reduce the level of these phytochemicals
especially phytate (Ikusika et al., 2023).
Saponin-rich forages are effective defaunating
agents in the rumen, reducing protozoal
populations and disrupting methanogenic
archaea. They achieve this by interacting with
cell membranes, disrupting their integrity, and
potentially killing microorganisms. This
reduction in protozoa can improve rumen
fermentation and reduce methane production
(Yanza 2024). This anti-protozoa activity can
decrease enteric methane emissions by up to
50%, recovering energy otherwise lost by
animals, while also lowering greenhouse gas
contributions that impacts the ozone-depleting
processes in the atmosphere (Morales-Mendez
and Silva-Rodriguez, 2018) The level of tannin
and saponin obtained in this study fall within safe
limit that support optimal physiological
functioning in animals (NRC, 2021).

This study found that oxalate and phytate levels
were within acceptable limits; however, these
compounds have been reported to reduce the
bioavailability of minerals like calcium,
phosphorus, magnesium, zinc, iron, and
molybdenum (Akter et al., 2020) Specifically,
phytate can form insoluble complexes with these
minerals, hindering their absorption, while
oxalate can bind to calcium, reducing its uptake
(Boda et al., 2025).
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Tale 4: Phytochemical contents (%) of leaf, stem and leaf plus stem of 4, 8 and 12 week

old Tithonia diversifolia

Stage of T. diversifolia growth (Weeks)

Anti-nutrients 4 8 12 SEM
Leaf

Tannin 0.42 0.39 0.37 1.10
Saponin 2.38 2.33 2.30 1.55
Oxalate 1.85 1.83 1.80 1.50
Phytate 7.11 6.51 5.10 2.55
Stem

Tannin 0.18 0.15 0.11 1.00
Saponin 0.89 0.73 0.65 1.10
Oxalate 0.80 0.65 0.43 1.20
Phytate 4.03 3.67 2.31 2.00
Leaf plus stem

Tannin 0.25 0.22 0.20 1.05
Saponin 1.53 1.31 1.26 1.21
Oxalate 1.00 0.87 0.73 1.20
Phytate 5.13 4.82 3.80 211

Table 5 shows the average monthly climatic
conditions during the growth period of Tithonia
diversifolia. Rainfall exhibited a significant
increase from week 4 to week 8, peaking at 144.7
mm, before declining by 58.9 mm in the
subsequent period from weeks 8 to week 12. This
pattern suggests an initial phase of abundant
water availability, which is crucial for the
establishment and early vegetative growth of
Tithonia diversifolia. The fresh and dry matter
yields of Tithonia diversifolia demonstrated a
marked increase as the forage matured, with fresh
yield ranging from 14.88 to 58.21 t/ha and dry
matter yield from 3.32 to 6.43 t/ha (Table 1). This
substantial increase, particularly between Weeks
4 and 8, could be attributed to the higher rainfall
during the period. This report is in agreement
with the findings of Zheng et al. (2024), who
reported that increasing rainfall can promote
biomass and nutrient accumulation of Fraxinus
malacophylla Hemsl seedlings.
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During the 12-weeks study, the average air
temperature gradually declined, decreasing by
0.83 °C between Weeks 4 and 8 and by an
additional 0.28 °C from Weeks 8 to 12. The CP
content of Tithonia diversifolia decreased with
increasing maturity. In contrast, the NDF and
ADF contents increased (Table 2), indicating that
air temperature is a key weather factor that
influences plant metabolic processes, including
photosynthesis, respiration, and enzymatic
activity, and could be responsible for these
changes in the plant's nutritional profile (\Van Der
Zanden, 2008). Additionally, lower air
temperature was found to affect the rate of protein
synthesis and the accumulation of structural
carbohydrates, leading to a reduction in CP and
an increase in fiber content as the plant matures.
Relative humidity was found to consistently
increase throughout the growth period, rising by
1.61% from Week 4 to Week 8, and by an
additional 1.30% from Week 8 to Week 12.
Higher relative humidity reduces the vapour
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pressure deficit between the plant and the
atmosphere, thereby lowering the transpiration
rate. This can be particularly beneficial during
periods of reduced rainfall, as it helps Tithonia
diversifolia conserve water and maintain turgor
pressure, which is crucial for cell expansion and
plant growth. The plant's ability suggests its
resilience and efficient water-use mechanisms,
thus making it a suitable forage species for humid
tropical environments. In addition, the water-
conserving mechanism supports the sustained
growth of plants and can indirectly aid in biomass
accumulation.

During Weeks 4 and 8, there was a slight decrease
in sunshine hours, followed by an increase from
Weeks 8 to 12. The periods of increased sunshine

enhance  photosynthetic  activity, thereby
resulting in greater dry matter production, which
corresponds with the observed increase in
biomass yield in the study. Ogren (1993) reported
that variations in sunshine hours have a direct
impact on the photosynthetic rate and,
consequently, on biomass accumulation.
Evapotranspiration rates generally decreased
from Week 4 to Week 8 and then experienced a
slight increase from week 8 to week 12. Lower
evapotranspiration rates, particularly when
accompanied by sufficient rainfall, indicate
efficient water use by the plant and favourable
conditions for soil water retention.

Table 5: Average monthly (in weeks) weather parameters during the growing period of Tithonia

diversifolia
Weather parameters Age of T. diversifolia (Weeks)
4 8 12

Rainfall (mm) 24.6 169.3 110.4
Relative humidity (%) 78.75 80.36 81.65
Sunshine (hours) 8.99 8.54 9.14
Air Temperature (°C) 28.15 27.32 27.04
Evapotranspiration (mm) 413 3.85 3.91

Conclusion

The study evaluated the biomass production and
nutritional profile of Tithonia diversifolia at 4, 8
and 12 weeks of growth, focusing on the leaf,
stem and combined leaf-stem components. The
results revealed that biomass yield and nutritional
quality increased progressively from 4 to 12
weeks. However, younger plants generally
showed higher concentration of certain nutrients
including crude protein, some macro and micro
minerals (e.g. calcium, potassium, zinc) and
beneficial phytochemicals, suggesting better
nutritional quality at earlier stages. Among the
plant parts, the leaf consistently exhibited
superior nutritional and phytochemicals profiles
compared to the stem and the combined leaf-
stem. It can be concluded that, Tithonia
diversifolia harvested at 8 weeks in this study
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appears to offer an optimal balance between
biomass yield and nutrient density, making it
suitable for use as a resource or green fodder in
sustainable agricultural systems.
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