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ABSTRACT

The experiment aimed to evaluate the response of sorghum varieties to different nutrients sources on
growth and yield in Makurdi during the 2025 Rainy Season. The treatments consisted of three sorghum
varieties (SAMSORG 41, SAMSORG 52 and SAMSORG 53), and four nutrient sources (NPK + Urea,
Poultry manure litter, goat manure) and the control The treatments were laid in a randomized complete
block design (RCBD) with three replications and a spacing of 20 x 80 cm. Data were collected on, plant
height and number of leaves days to first panicle initiation, Number of days to maturity, days to 95%
flowering, Stover yield, panicle weight, number of seeds per panicle., 100 seed weight and grain yield.
The results showed that nutrient source significantly influenced growth and yield parameters, with NPK +
Urea producing the highest plant height WAP(62.13cm), number of leaves (12.14), prolonging days of
maturity (86.21) and days 95% flowering (67.21), Stover yield (4.11t/ha), number of seeds per panicle
(106.34), panicle weight (68.17g) 100 seed weight (38.01g) and grain yield (3.43t/ha). On the other hand,
SAMSORG 52 consistently outperformed other varieties in yield-related traits, recording the highest
grain yield (3.88 t/ha), stover yield (3.32t/ha), single panicle weight (64.51g) number of seeds per panicle
(116), and 100 seed weight (32.21g). SAMSORG 41 exhibited significantly higher vegetative growth,
producing the tallest plant height (97.23cm) and number of leaves 15.34, more so, the control treatment
resulted is the most delayed variety to maturity (94.5days) Based on these results, SAMSORG 52
alongside the use of NPK/Urea is recommended to achieve optimum yield in sorghum production in the
study area.
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INTRODUCTION

Sorghum (Sorghum bicolor (L.) Moench) is a major cereal crop cultivated in semi-arid and sub-humid
regions of the world, particularly in sub-Saharan Africa and parts of Asia. Globally, sorghum ranks fifth
among cereal crops after maize, rice, wheat, and barley, and it plays a critical role in food security,
livestock feed, and industrial applications (e.g., malting and bioethanol production) (FAO, 2022; Ignatius
et al 2019). In Nigeria, sorghum is widely grown in the savanna agro-ecological zones, where it serves as
a staple food and a source of income for smallholder farmers. However, sorghum productivity remains
constrained by low soil fertility, erratic rainfall, and suboptimal nutrient management practices (Ajeigbe,
2018; Nenkam et al., 2023).
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The development and adoption of improved sorghum varieties have been central to increasing
productivity and resilience. The international Crops Research Institute for the Semi Arid Tropics
(ICRISAT) in collaboration with the Institute for Agricultural Research (IAR), Ahmadu Bello University,
has has developed and released several improved varieties. Among these, the newly released SAMSORG
52 and SAMSORG 53 are notable for their high yield potential, early to medium maturity, and
adaptability to the Sudan and Northern Guinea savanna zones. These varieties were developed to combine
improved grain quality with resistance or tolerance to prevalent biotic and abiotic stresses, thereby
enhancing farmers' productivity and income. Their performance, however, is strongly influenced by soil
nutrient availability and management practices.

Soil fertility decline is a major limitation to sorghum production in tropical Africa. Continuous
cultivation, low organic matter inputs, and nutrient mining have resulted in widespread deficiencies of
essential macronutrients such as nitrogen (N), phosphorus (P), and potassium (K). Nitrogen is particularly
critical for sorghum growth, as it influences leaf area development, chlorophyll content, and grain
formation. Phosphorus supports root development and energy transfer processes, while potassium
enhances water regulation and stress tolerance. Integrated nutrient management strategies combining
inorganic fertilizers with organic amendments such as farmyard manure, compost, or crop residues have
been recommended to improve nutrient use efficiency, soil structure, and long-term productivity
(Vanlauwe et al., 2010). The response of sorghum varieties to nutrient sources varies depending on
genetic characteristics and environmental conditions. Improved varieties such as SAMSORG 52 and
SAMSORG 53 may exhibit differential responses to mineral fertilizers and organic nutrient sources due
to differences in growth duration, biomass accumulation, and nutrient uptake efficiency. Studies have
shown that balanced fertilization significantly enhances sorghum growth parameters, including plant
height, leaf area index, panicle length, and grain yield (Fageria et al., 2012). Moreover, the integration of
organic and inorganic nutrient sources has been reported to sustain soil fertility while increasing crop
yields compared to sole application of either source (Shuaibu et al., 2018).

Given the importance of sorghum in Nigeria and the need to optimize nutrient management for improved
varieties, it is essential to evaluate the growth and yield performance of SAMSORG 52 and SAMSORG
53 under different nutrient sources. Such evaluation provides critical insights into varietal adaptability,
nutrient use efficiency, and sustainable soil fertility management practices. Therefore, this study aims to
assess the effects of different nutrient sources on the growth and yield performance of SAMSORG 41.
SAMSORG 52 and SAMSORG 53, with a view to identifying suitable nutrient management strategies for
enhanced sorghum production in the savanna agro-ecological zones.

MATERIAL AND METHODS

The experiment was conducted during the rainy season of 2025 at the Teaching and Research Farm,
College of Agronomy, Makurdi (7° 41'N and 8° 37'E) Makurdi lies within the Southern Guinea savannah
agro-ecological zone and is characterised by a mean annual temperature ranging from 27-30°C) and
predominantly loamy sandy soil. The treatments consist of three varieties of Sorghum (SAMSORG 41,
SAMSROG 52 and SAMSORG 53) and four nutrients sources (NPK/Urea, Poultry litter, goat manure
and control), the organic sources of nutrient were applied as basal application at 5 t/ha and were factorial
combined and laid in a randomized complete block design (RCBD) with three replicates. Each plot
measured 8m? plot with 1m between plots and 1m between blocks. There were 12 plots each within a
block which gave the total number of 36 plots for the study. Seeds were planted at a spacing of 20 x 80
cm with three seeds per hill and all recommended agronomic practice such as land clearing, weeding was
done manually at 2 and 6 weeks after planting to ensure weed free plots. Fertilizer was applied according
to treatment combination splitted in two applications at planting and top dressed at 6 weeks after planting
at the rate of (N80 kg/ha, P60 kg/ha K60 kg/ha and Urea 20kg/ha as top dress). Harvesting and threshing
was done manually. Data were collected from five randomly tagged plants within the net plot of 4m?. The
parameters recorded were plant height (measured from the base of the plant to the tip using meter rule)
and the number for leaves (counted manually at fortnightly interval). Phonological and yield-related traits
recorded were number days to first panicle initiation, days to 95% flowering, number of days to maturity,
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number of seeds per panicle (counted), panicle weight (g), 100 seed weight grain yield (t/ha), and Stover
yield(t/ha) using digital weighing balance. All data collected were subjected to analysis of variance
(ANOVA) Gen-Stat version 17 and treatment means were separated using least significant difference
(LSD) at 5% level of probability.

RESULT AND DISCUSSION
Table 1: Effect of nutrient source and variety on plant height of Sorghum grown in Makurdi, Nigeria
Weeks after planting (WAP)

Nutrients N 2 4 6 8
NPK + Urea 4.23 14.84 32.97 62.13
Poultry manure 3.52 13.16 30.71 56.32
Goat manure 3.30 12.32 29.32 53.23
Control 3.00 10.02 26.21 47.12
F-LSD (0.05) 0.21 1.00 1.01 2.12
Variety V

SAMSORG 52 4.23 6.45 10.21 62.67
SAMSORG 53 4.00 5.67 9.32 51.23
SAMSORG 41 4.09 12.32 32.34 97.23
F-LSD (0.05) 1.20 1.21 2.22 5.32
Interaction

N XV NS NS NS *

LSD= Least Significant Differences at 5% Level of Probability, * = 95% level of probability

Table 1 shows the effect of nutrient sources and sorghum varieties on plant height at different weeks after
planting (WAP). Four nutrient treatments (NPK + Urea, poultry manure, goat manure, and control) and
three sorghum varieties (SAMSORG 52, SAMSORG 53, and SAMSORG 41) were assessed at 2, 4, 6,
and 8 WAP. Results indicated that nutrient sources significantly influenced plant height at all growth
stages. NPK + Urea consistently produced the tallest plants at 2, 4, 6, and 8 WAP (4.23, 14.84, 32.97, and
62.13 cm, respectively) this result could be related to the fact that inorganic nutrients sources dissolve fast
when compared with organic sources of nutrient, (Palm et al. 2001) reported that same stating that
inorganic nutrient sources influences plant vegetative growth most especially plant height due to its
ability to dissolve fast and be pick up by plant for its physiological activities, it added that improved soil
conditions may enhance root growth, indirectly increasing plant height over time (Ajeigbe et al., 2018),
while the control recorded the lowest values across the sampling periods. On the contrary Madina et al.,
2023 stated that organic sources of nutrients releases it nutrients gradually through-out the plant life cycle
(shuaibu et al., 2018)

Varietal differences were also observed. At 8 WAP, SAMSORG 41 recorded the greatest plant height
(97.23 cm), followed by SAMSORG 52 (62.67 cm) and SAMSORG 53 (51.23 cm). This variation can be
attributed to inherent genetic differences among the varieties, particularly in growth habit and stem
elongation capacity. These corroborate with the finding of Smith & Frederiksen (2000), who reported that
inherent genetic traits could have led the variability in plant height furthermore morphological
characteristics differences in Stem elongation genes, internode length, leaf orientation and photosynthetic
efficiency these directly affect plant height and biomass production, although varietal effects were evident
at earlier growth stages, the interaction between nutrient source and variety was not significant at 2, 4, and
6 WAP but became significant at 8 WAP, indicating differential varietal responses under nutrient
treatments at later growth stages (Ajeigbe et al., 2018).

The findings demonstrate that the application of NPK + Urea enhances vegetative growth, and
SAMSORG 41 exhibits superior plant height performance under the agro-ecological conditions of
Makurdi. This suggests that SAMSORG 41 partitions assimilates more toward vegetative "sources" rather
than reproductive "sinks," a trait often linked to lower partitioning efficiency and higher biomass

20



Madina et al. ..... Int. J. Innovative Food, Nut. & Sust. Agric. 14(1):18-26, 2026

accumulation (Ajeigbe et al., 2018). Appropriate nutrient management combined with suitable variety
selection is therefore essential for optimizing sorghum growth.

Table 2: Effect of nutrient source and variety on Number of leaves of Sorghum grown in Makurdi,
Nigeria
Weeks after planting (WAP)

Nutrients N 2 4 6 8
NPK + Urea 4.87 6.78 8.45 12.14
Poultry manure 3.78 5.38 7.65 11.36
Goat manure 3.23 5.12 7.00 10.54
Control 3.15 4,62 6.34 9.32
F-LSD (0.05) 0.20 1.00 1.01 1.22
Variety V

SAMSORG 52 421 6.85 8.98 13.87
SAMSORG 53 4.00 5.97 6.76 11.76
SAMSORG 41 4,98 6.82 10.14 15.34
F-LSD (0.05) 0.40 1.11 1.62 1.81
Interaction

N XV NS NS NS *

LSD= Least Significant Differences at 5% Level of Probability, * = 95% level of probability

Table 2 is the effect of nutrient sources and sorghum varieties on the number of leaves at different weeks
after planting (WAP). Four nutrient treatments (NPK + Urea, poultry manure, goat manure, and control)
and three sorghum varieties (SAMSORG 52, SAMSORG 53, and SAMSORG 41) were evaluated at 2, 4,
6, and 8 WAP. The results showed that nutrient application significantly increased leaf production across
all growth stages. NPK + Urea consistently produced the highest number of leaves at 2, 4, 6, and 8 WAP
(4.87, 6.78, 8.45, and 12.14, respectively), Vanlauwe et al. (2010) reported that if nutrient release from
organic sources synchronizes well with crop demand, number of leaves can be significantly improved he
further reported that most plants especially sorghum partition nutrients in early stage of plant
establishment to vegetative growth when the nutrient are readily available (Ajeigbe et al., 2018) while the
control recorded the lowest values throughout the assessment periods (Nenkam et al., 2023).

Varietal differences were also significant. At 8 WAP, SAMSORG 41 produced the highest number of
leaves (15.34), followed by SAMSORG 52 (13.87), whereas SAMSORG 53 recorded the lowest (11.76).
This agrees with Fageria (2009). Who reported that variation in leaves is mostly influence by genetic
make-up, cultural practice and environmental factors, he further reported that Some genotypes respond
better to applied fertilizer than others due to superior nutrient assimilation mechanisms. The interaction
between nutrient source and variety was not significant at 2, 4, and 6 WAP but became significant at 8
WAP, indicating differential varietal response to nutrient treatments at later growth stages.

Overall, the application of NPK + Urea enhanced vegetative growth, and SAMSORG 41 demonstrated
superior leaf production under the agro-ecological conditions of Makurdi. These findings highlight the
importance of appropriate nutrient management and varietal selection for improved sorghum growth
performance and over all yield, (Madina et al., 2023; Shuaibu et al., 2018)
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Table 3: Effect of nutrient source and variety on yield related character of Sorghum grown in Makurdi,
Nigeria
Weeks after planting (WAP)

Nutrients N FHI DM 95%F SY t/ha
NPK + Urea 57.12 86.21 67.12 4.11
Poultry manure 65.23 85.35 68.21 3.61
Goat manure 52.23 84.32 66.21 3.20
Control 47.34 94.56 70.30 2.01
F-LSD (0.05) 9.12 4,01 1.01 0.21
Variety V

SAMSORG 52 57.45 86.23 68.91 3.32
SAMSORG 53 50.56 85.54 68.32 2.43
SAMSORG 41 64.90 106.12 89.54 1.65
F-LSD (0.05) 10.10 1.11 1.12 1.01
Interaction

N XV NS * NS NS

FHI= First head initiation, DM= days to maturity, 95%F= 95% Flowering, SY= Stover yield LSD= Least
Significant Differences at 5% Level of Probability, * = 95% level of probability

Table 3 is the effects of nutrient sources and sorghum varieties on selected phenological traits and Stover
yield. Four nutrient treatments (NPK + Urea, poultry manure, goat manure, and control) and three
sorghum varieties (SAMSORG 52, SAMSORG 53, and SAMSORG 41) were assessed for first head
initiation (FHI), days to maturity (DM), 95% flowering (95% F), and Stover yield (SY t/ha) Ajeigbe,
(2018). Nutrient source significantly influenced all measured parameters. Poultry manure recorded the
late head initiation (65.23 days) probably due to slow release of nutrient as reported by FAO 1995, while
the control treatment delayed maturity (94.56 days) and flowering (70.30 days). NPK + Urea produced
the highest Stover yield (4.11 t/ha), followed by poultry manure (3.61 t/ha) due to nutrient partitioning as
reported by Lynch & Walsh (1998). whereas the control recorded the lowest yield (2.01 t/ha) this
underscores the important of nutrient in Stover yield which could be used for animal feed. Provide readily
available nutrients, especially nitrogen in mineral form (NH«* or NOs7). Rapid nutrient availability
promotes, quick vegetative growth, leading to increased early reproductive attribute in the season as
reported by (FAO, 2006). Variation in Yield related characters among NPK/urea, poultry manure, and
goat manure treatments may be attributed to differences in nutrient concentration, mineralization rates,
C:N ratio, nutrient synchrony with crop demand, and their contrasting effects on soil physical and
biological properties (Brady & Weil, 2016; Havlin et al., 2014; Vanlauwe et al., 2010).

Varietal differences were also significant. SAMSORG 41 exhibited delayed maturity (106.12 days) and
flowering (89.54 days) but produced the lowest Stover yield (1.65 t/ha). SAMSORG 52 recorded the
highest stover yield (3.32 t/ha) with moderate maturity duration, this is true due to the facts that cultural
practice such as time of weeding, varietal genetic make-up and rainfall pattern might have caused such
variation as reported by Acquaah (2012). The interaction between nutrient source and variety was
significant only for days to maturity but not for first head initiation, flowering, or stover yield. Variation
among SAMSORG 41, SAMSORG 52 and SAMSORG 53 is mainly due to genetic differences, which
influence morphology, phenology, nutrient use efficiency, stress tolerance, and yield potential. Since
these are improved sorghum varieties released in Nigeria, their performance differences are expected
under the same environment

The results indicate that nutrient management, particularly the timely application of NPK + Urea,
enhances stover yield and improves crop performance under the agro-ecological conditions of Makurdi.
Among the varieties tested, SAMSORG 52 demonstrated superior adaptability and productivity as
reported by IAR 2024
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Table 4: Effect of nutrient source and variety on yield related character of Sorghum grown in Makurdi,
Nigeria
Weeks after planting (WAP)

Nutrients N PW (g) NO. S/H 100 SW(g) Vield t/ha
NPK + Urea 64.51 106.34 32.21 3.43
Poultry manure 63.28 102.08 30.00 3.02
Goat manure 58.34 100.43 27.43 2.96
Control 43.75 94.98 25.89 1.45
F-LSD (0.05) 5.20 2.00 3.01 0.12
Variety V

SAMSORG 52 68.51 116.12 38.01 3.88
SAMSORG 53 64.30 105.32 36.16 2.43
SAMSORG 41 54.68 101.89 30.54 1.54
F-LSD (0.05) 3.10 211 5.12 0.01
Interaction

N XV NS * * *

PW= panicle weight, NO.SH= Number of seed per head, 100 SW= 100 seed weight, LSD= Least
Significant Differences at 5% Level of Probability, * = 95% level of probability

Table 4 is the effects of nutrient sources and sorghum varieties on yield and yield-related characteristics.
Four nutrient treatments (NPK + Urea, poultry manure, goat manure, and control) and three sorghum
varieties (SAMSORG 52, SAMSORG 53, and SAMSORG 41) were assessed for panicle weight (PW),
number of seeds per head (NO/S/H), 100 seed weight (100 SW), and grain yield (t/ha). Results showed
that nutrient source significantly influenced all measured parameters. NPK + Urea produced the highest
single panicle weight (64.51 g), number of seeds per head (106.34), 100 seed weight (118.01 g), and grain
yield (3.43 t/ha), while the control recorded the lowest yield (1.45 t/ha) the work is a par with the work of
Acquaah (2012) who reported that both vegetative and reproductive phase of plants are affected by
nutrient availability and also the ability of the plants to able to uptake such nutrients, Madina et al., 2022,
further agrees with the finding in this work starting that number of seeds, head weight and gran yield is
directly influence by nutrient availability and partitioning of such nutrients for grains formation and
grains filling.

Among the varieties, SAMSORG 52 outperformed others with the highest head weight (68.17 g), number
of seeds per head (116.12), 100 seed weight (38.01 g), and grain yield (3.88 t/ha). SAMSORG 41
recorded the lowest yield (1.54 t/ha). (ICRISAT 2025) reported such variation could be genetically
influenced. The observed variation among SAMSORG 41, SAMSORG 52 and SAMSORG 53 could be
attributed to inherent genetic differences governing growth, phenology, nutrient use efficiency, and
environmental adaptation. Genotypic variation significantly influences morphological and physiological
traits, thereby affecting plant height, biomass accumulation and yield potential (Acquaah, 2012; Fageria,
2009; Smith & Frederiksen, 2000). The interaction between nutrient source and variety was significant
for number of seeds per head, 100 seed weight, and grain yield but not significant for head weight. They
were bred for specific agro-ecological conditions in Nigeria. Performance variation may result from
differential tolerance to drought, resistance to pests and diseases and adaptation to soil type and rainfall
patterns.

These findings indicate that the combined use of improved variety (SAMSORG 52) and inorganic
fertilizer (NPK + Urea) enhances sorghum productivity under the agro-ecological conditions of Makurdi.
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Table 5: Interaction between nutrient source and variety on yield related character of Sorghum grown in
Makurdi, Nigeria
Weeks after planting (WAP)
Variaty V Nutrients N PH NL DM NO.S/H 100 Yield
SW(g) t/ha
SAMSORG 52  NPK + Urea 61.76 12.34 86.21 106.34 38.01 3.43
Poultry manure  56.76 11.43 85.35 105.08 36.00 3.12
Goat manure 52.76  9.23 83.23 101.34 34.32 3.01
Control 50.76 8.00  80.56 100.98 25.89 2.90
SAMSORG 53  NPK + Urea 68.43 11.35 85.01 101.12 35.18 2.28
Poultry manure  54.87 10.34 84.43 100.32 32.16 2.43
Goat manure 5043 911 8234 97.34 30.76 221
Control 48.98 8.23  80.23 94.89 22.54 2.00
SAMSORG 41  NPK + Urea 96.56 16.34 97.54 97.12 26.18 1.88
Poultry manure  90.64 14.45 96.12 95.32 22.16 1.43
Goat manure 85.76 1215 94.43 93.23 20.32 1.23
Control 75.76  10.23 102.21 90.89 19.54 1.04
F-LSD (0.05) 354 211 70.10 1.11 1.12 0.01
PW= Panicle weight, NO.SH= Number of seed per head, 100 SW= 100 seed weight, LSD= Least
Significant Differences at 5% Level of Probability

Table 5 is the interaction between nutrient sources and sorghum varieties on yield-related characters in
Makurdi, Nigeria. Three sorghum varieties (SAMSORG 52, SAMSORG 53, and SAMSORG 41) were
subjected to four nutrient treatments: NPK + Urea, poultry manure, goat manure, and a control. Growth
and yield parameters assessed included plant height (PH), number of leaves (NL), days to maturity (DM),
number of seeds per head (NO/S/H), 100 seed weight (100 SW), and grain yield (t/ha). Results indicated
significant varietal and nutrient effects. SAMSORG 41 recorded the highest vegetative growth (plant
height and number of leaves), particularly under NPK + Urea treatment Brady & Weil (2016) support the
finding starting that cultural practice such as spacing, genetically improve variety and nutrients affect
vegetative growth positively. On contrary Madina et al., 2024 reported that inorganic nutrients are unlike
the organic source who release nutrients more slowly due to gradual microbial decomposition, this slower
release may initially limit plant height but improve sustained growth later in the season. A significant
interaction between nutrient source (NPK/urea, poultry litter, goat manure) and varieties (SAMSORG 41,
SAMSORG 52 and SAMSORG 53) suggests that the varieties responded differently to the different
nutrient sources. This is primarily due to physiological, genetic, and soil-plant dynamics. However,
SAMSORG 52 produced the highest grain yield (3.43 t/ha) when treated with NPK + Urea, followed by
poultry manure (3.12 t/ha). Across varieties, NPK + Urea consistently enhanced yield and yield
components compared to organic manures and the control. The control treatment recorded the lowest
values for most parameters. A perfect combination is at a par with the finding of IFA 2019 who report the
use of good variety and nutrient source had increase yield. The significant interaction between nutrient
sources and sorghum varieties indicates differential varietal responses to nutrient availability and release
patterns. Variations in nutrient use efficiency, root architecture, and growth duration among SAMSORG
41, SAMSORG 52 and SAMSORG 53 may have influenced their ability to utilize nutrients from both
inorganic (NPK/urea) and organic (poultry manure and goat manure) sources. Differences in nutrient
release synchrony, particularly the rapid availability from mineral fertilizers versus gradual mineralization
from organic manures, may have further contributed to the observed interaction (Fageria, 2009; Brady &
Weil, 2016; Vanlauwe et al., 2010). The interaction between variety and nutrient source significantly
influenced yield performance, with SAMSORG 52 combined with NPK + Urea emerging as the most
productive treatment. These findings suggest that integrated nutrient management, particularly inorganic
fertilizer application, optimizes sorghum productivity under the agro-ecological conditions of Makurdi.
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CONCLUSION AND RECOMMENDATION

The study assessed the effects of different nutrient sources on the growth and yield performance of
SAMSORG 41. SAMSORG 52 and SAMSORG 53, with a view to identifying suitable nutrient
management strategies for enhanced sorghum production in the study area. Significant difference was
observed in both variety and nutrient sources, where the use of NPK/Urea outperformed the other nutrient
sources and the use of SAMSORG 52 did better than SAMSORG 41 and SAMSORG 53. Based on this
work it can be recommended that the use of NPK/Urea N120kg/ha, P60kg/ha and K60kg/ha and the use
of SAMSORG 52 be recommended for framers in Makurdi for optimum yield and animal feed since it
produced higher Stover yield. The application of 5t/ha poultry litter, goat manure and SAMSORG 53, can
be used for farmers who want organic production of sorghum.
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