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ABSTRACT

Wheat (Triticum aestivum L.) production in the Nigerian Sahel Savanna remains limited by suboptimal seed rate and plant spacing
practices that constrain yield potential. This study evaluated the effects of variety, seed rate, and plant spacing on growth, yield
components, and grain yield of wheat during the 2021 and 2022 cold dry seasons at the Flour Milling Association of Nigeria Research
Farm, Ringim, Jigawa State. The experiment was arranged in a randomised complete block design with three replications, using two
varieties (Borloug and Norman), three seed rates (100, 150, and 200 kg ha™), and three spacings (0, 15, and 30 cm). Results revealed
significant (p < 0.05) main and interaction effects on most agronomic and yield traits. Borloug consistently outperformed Norman in
1000-grain weight and grain yield (up to 4.68 t ha™*), while Norman produced more grains per spike, reflecting genotypic differences in
assimilate partitioning. Moderate seed rate (150 kg ha™%) and wider spacing (30 cm) enhanced spike length, spike density, and yield
components, whereas excessive seeding reduced productivity due to competition stress. The three-way interaction showed that Borloug
at 100 kg ha™* with 30 cm spacing achieved the highest grain yield, while Norman at 200 kg ha™* and 15 cm spacing exhibited superior
spike fertility. These results emphasise the need for genotype-specific density and spacing management to optimise yield in semi-arid
conditions. It is recommended that Borloug be cultivated at 100-150 kg ha™* with 30 cm spacing for optimal performance under

irrigated Sahelian wheat systems.
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1.0 Introduction

Wheat (Triticum aestivum L.) is one of the most widely
cultivated cereal crops in the world and serves as a vital source
of carbohydrates and proteins for human nutrition. Despite its
global importance, wheat production in sub-Saharan Africa,
particularly in Nigeria, remains significantly below the global
average due to various agronomic and environmental
challenges. In the Nigerian Sahel Savanna, where rainfall is
erratic and temperatures are high, yield performance is
constrained by inappropriate seed rate management, poor plant
population density, and suboptimal varietal selection [16].
Studies have shown that inappropriate seed rates and plant
densities can cause severe intra-specific competition among
wheat plants, leading to reduced nutrient, light, and moisture
availability, thereby lowering yield potential [17][8].
Understanding the interaction between seed rate, plant density,
and wheat varietal performance under Sahelian conditions is
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therefore essential for improving productivity and ensuring
sustainable cereal production in this agroecological zone
[14][21].

The problem of low wheat yield in Nigeria is becoming
increasingly urgent. While the global average yield of wheat
exceeds 3.5 t/ha, the Nigerian average remains below 2.5 t/ha
[22][23]. This persistent yield gap is largely attributed to the
poor optimisation of seeding rates and plant population
densities, which affect stand establishment and resource use
efficiency [30]. Overly dense planting results in competition for
limited soil moisture and nutrients, while sparse planting leaves
large portions of land underutilised, reducing potential yield
per hectare. The lack of locally validated data on optimal seed
rates and plant populations for modern wheat varieties in the
Nigerian Sahel has limited the development of precise
agronomic guidelines and the achievement of the national
target for wheat self-sufficiency.

This study isjustified by the need to generate empirical data that
can guide farmers, policymakers, and agricultural extension
services in adopting efficient and sustainable wheat production
practices in the Sahel Savanna. The Nigerian government's
renewed drive toward achieving wheat self-sufficiency and
reducing import dependence underscores the importance of
improving productivity through agronomic optimisation [26].
Furthermore, optimising seed rate and plant density will
enhance resource use efficiency, reduce production costs, and
improve the resilience of wheat systems to climatic variability
[29]. The outcomes of this research will contribute to
sustainable agricultural intensification, improved livelihoods of
farmers, and the overall enhancement of food security in
northern Nigeria.

The overarching objective of this study is to evaluate the
productivity of wheat varieties as influenced by seed rate and

Volume 4, Issue 3,2025 | 23 to 38

DOI: https://doi.org/10.51470/AGR1.2025.4.3.23


https://www.who.int/teams/environment-climate-change-and-health/chemical-safety-and-health/health-impacts/chemicals
https://agriculture.researchfloor.org/article-archive/volume-4-issue-3-2025/
https://agriculture.researchfloor.org/article-archive/volume-4-issue-3-2025/
https://agriculture.researchfloor.org/article-archive/volume-4-issue-3-2025/
https://agriculture.researchfloor.org/
https://portal.issn.org/resource/ISSN/3041-5322
https://portal.issn.org/resource/ISSN/3041-5322
https://portal.issn.org/resource/ISSN/3041-5322
https://agriculture.researchfloor.org/
https://agriculture.researchfloor.org/
https://agriculture.researchfloor.org/
https://orcid.org/0000-0003-0639-009X

Rabiu, R. T et al, / Agriculture Archives (2025)

plant population density in the Nigerian Sahel Savanna.
Specifically, the study aims to determine the effects of different
seed rates on the growth and yield performance of selected
wheat varieties, assess the influence of varying plant population
densities on yield components, and identify the interaction
effects between seed rate, plant population density, and varietal
response. The ultimate goal is to recommend the optimal
combination of these agronomic factors to achieve higher
productivity under Sahelian environmental conditions.

The theoretical foundation of this study is based on the
Resource Use Efficiency Theory and the Plant Competition
Theory. According to the Resource Use Efficiency Theory, crop
productivity is maximised when plants utilise available
resources such as light, water, and nutrients with minimal waste
and maximum conversion efficiency [26]. On the other hand, the
Plant Competition Theory posits that excessive plant density
intensifies competition among individuals for limited resources,
resulting in reduced per-plant performance, while overly low
density underutilises environmental inputs and potential yield
[39]. Therefore, the balance between seed rate and population
density represents a critical agronomic decision that
determines the overall productivity and efficiency of wheat
cultivation under the challenging climatic conditions of the
Nigerian Sahel Savanna.

2.0 Materials and Methods

The field experiment was conducted during the 2021 and 2022
cold dry seasons at the Flour Milling Association of Nigeria
Research Farm, Ringim Local Government Area, Jigawa State,
located within the Sahel Savanna agro-ecological zone of
Nigeria. The area is characterised by a semi-arid climate with
low annual rainfall and high evapotranspiration, necessitating
irrigation for wheat production.

Before planting each season, composite soil samples were
collected from the experimental field at a depth of 0-30 cm and
analysed for key physical and chemical properties such as pH,
organic carbon, total nitrogen, available phosphorus, and
exchangeable potassium. These analyses provided baseline
information for nutrient management and interpretation of
crop performance.

The experiment was laid out in a 3-factor factorial arrangement
(2 x 3 x3)ina Randomised Complete Block Design (RCBD) with
three replications. Treatments consisted of two wheat varieties
(Borloug and Norman), three seed rates (100, 150, and 200 kg
ha™'), and three inter-row spacings (0, 15, and 30 cm). Each
treatment combination was assigned to a plot measuring 5m x 3
m, resulting in 18 treatment combinations and 54 experimental
units in total. Land preparation involved ploughing, harrowing,
and levelling to create a fine, uniform seedbed. Seeds of each
variety were sown manually in rows at the designated spacing
and seed rates. Fertiliser was applied based on regional
recommendations for irrigated wheat, at a rate of 120 kg N, 40
kg P,0s, and 40 kg K,0 ha™. Half of the nitrogen and all of the
phosphorus and potassium were applied at planting using NPK
15:15:15, while the remaining nitrogen was top-dressed as urea
atthetillering stage.

Irrigation was provided through furrow irrigation to ensure
adequate soil moisture throughout the growing period,
especially at critical growth stages such as tillering, booting, and
grain filling. Weed control was achieved through a combination
of pre-emergence application of Pendimethalin (1.0 kg a.i. ha™)
one day after sowing, followed by manual weeding at 40 days
after planting.

Pest and disease management was carried out as needed
through regular field scouting and timely application of
recommended control measures.

Harvesting was done manually at physiological maturity when
the spikes turned golden-yellow and grains hardened. Data
were collected on key agronomic and yield parameters,
including days to heading, plant height, number of spikes per
square meter, spike length, number of grains per spike, 1000-
grain weight, grain yield per plot,and grain yield per hectare.

All collected data were subjected to Analysis of Variance
(ANOVA) using GenStat (17th Edition) to determine treatment
effects. Where significant differences were detected (P < 0.05),
means were separated using the Student-Newman-Keuls (SNK)
test to compare treatment combinations for variety, seed rate,
and spacing effects.

3.0 Results and Discussion

3.1 Growth characters

Table 1 presents plant height, days to heading, and physiological
maturity of wheat as influenced by seed rate, spacing, and
variety during the 2021 and 2022 cold dry seasons. Results
show that both seed rate and spacing had significant (p < 0.05)
effects on plant height and days to heading, while varietal
differences were highly significant (p < 0.001) for all measured
traits.

Variety had a profound effect on vegetative and phenological
development across both seasons. Norman consistently
produced taller plants (93.33 cm and 92.37 cm in 2021 and
2022, respectively) and exhibited longer durations to heading
and physiological maturity compared to Borloug. This indicates
that Norman is a late-maturing genotype with more vigorous
vegetative growth and prolonged photosynthetic activity,
possibly due to genetic differences in thermal time
accumulation and photoperiod response. Similar varietal
patterns have been documented under Sahelian and semi-arid
conditions, where genotypes with longer growth duration
accumulate greater biomass but risk exposure to terminal heat
and moisture stress [34, 35] [40]. In contrast, Borloug showed
shorter durations to heading (64.21 and 56.93 days) and
maturity (104.89 and 105.19 days), confirming its early-
maturing and potentially heat-escape characteristics
advantageous in the Sahel Savanna environment [36].

Seed rate also significantly (p <0.001) influenced plant height
and phenology. Increasing the seed rate from 100 to 200 kgha™
led to a progressive increase in plant height (from 87.33t087.61
cm in 2021; 85.28 to 89.39 cm in 2022) and delayed days to
heading (from 56.28 to 63.80 days in 2021; 61.83 to 63.11 days
in 2022). This suggests that higher seed densities intensify
interplant competition for light, nutrients, and moisture,
promoting stem elongation but delaying reproductive
transition [13][30]. However, excessively high seed rates can
lead to resource competition and reduced tillering efficiency.
The moderate seed rate (150 kg ha™') produced balanced
growth and timely heading, indicating optimal stand density for
Sahelian wheat cultivation. These findings agree with those of
[17], who reported that intermediate seeding densities
maximise yield components by balancing competition and
resource utilisation.

Spacing significantly (p < 0.001) affected plant height and days
to heading but not physiological maturity. Wider spacing (30
cm) resulted in taller plants (89.44 cm in 2021 and 89.39 cm in
2022) and delayed heading, whereas narrower spacing (0-15
cm) produced shorter plants with earlier heading.
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This trend reflects reduced interplant competition at wider spacing, allowing greater canopy expansion and delayed transition to the
reproductive stage [29]. The non-significant effect of spacing on physiological maturity suggests that final crop duration may depend
more on genotypic traits than spatial arrangement. These results corroborate findings from similar semi-arid studies where optimal
plant spacing (20-30 cm) improved photosynthetic efficiency and reduced competition stress [15].

Table 1: Plant height, Days to Heading and Physiological maturity of Wheat varieties as affected by Seed rate and spacing during 2021 and 2022 Cold dry seasons

2021 2022
Treatment Plant Height Days Days Plant Height . Days
(cm) to, to Physiological Maturity (cm) Days to Heading to Physiological Maturity
Heading

Variety (V)
Borloug 82.33b 64.21a 104.89a 81.30b 56.93b 105.19b
Norman 93.33a 56.08b 117.93b 92.37a 67.82a 114.89a
p.value <.0001 <.0001 <.0001 <.0001 <.0001 0.0127
SE+ 0.3009 0.0692 0.3694 0.4955 0.1309 2.6169

Seed rate (Sr)

100 87.33 56.28¢ 110.28b 85.28b 61.83b 105.61
150 88.56 60.36b 111.78a 85.83b 62.17b 112.17
200 87.61 63.80a 112.17a 89.39a 63.11a 112.33
p.value 0.0612 <.0001 0.0135 0.0058 <.0001 0.2523
SE+ 0.3685 0.0847 0.4525 0.6069 0.1604 3.2047

Spacing (S)
0 86.89b 56.24c 111.33 85.28b 62.22 112.50
15 87.17b 60.18b 111.72 85.83b 62.67 111.94
30 89.44a 64.01a 111.17 89.39a 62.22 105.67
p.value <.0001 <.0001 0.6753 <.0001 0.0913 0.2592
SE+ 0.3651 0.0847 0.4524 0.6069 0.1604 3.2048

Interaction
VxSr 0.0308 <.0001 0.1776 0.0169 <.0001 0.3993
VxS <.0001 <.0001 0.1467 <.0001 0.0047 0.3697
Srx S 0.0417 <.0001 0.2324 0.0033 0.0007 0.3734
VxSrxS <.0001 <.0001 0.1185 0.0083 <.0001 0.3768

Means in a column sharing the same letter are not significantly different at 5 % level of probability using SNK

Interaction Effects on Plant Height of Wheat

The interactive effects of variety, seed rate, and spacing significantly influenced the plant height of wheat across both seasons,
reflecting strong varietal adaptability and management-dependent growth responses. The Variety x Seed Rate interaction (Figure 1)
showed that Norman consistently produced taller plants (up to 94.44 cmin 2021 and 94.33 cm in 2022) compared to Borloug (81-83
cm), especially at moderate seed rates (150-200 kg ha™). This suggests that Norman, being late-maturing, responds more positively
to higher plant density, while Borloug's height declined slightly under crowding due to earlier reproductive transition and
competition stress. Similar genotype-dependent density responses were reported by [3] [5], who observed that tall, late-maturing
cultivars-maintained elongation under denser stands.
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Figure 1: Interaction of Variety and Seed rate on Plant height of wheat during the 2021 and 2022 Cold dry season

The Variety x Spacing interaction indicated that plant heightincreased with wider spacing for both

varieties (Figure 2), but the response was more pronounced in Norman (94.88 cm at 0 cm spacing vs. 93.33 cm at 30 cm) than Borloug
(78.88-85.55 cm). Norman maintained greater height across all spacing levels, implying stronger canopy plasticity and better
resource-use efficiency under crowding. Wider spacing likely reduced interplant competition, enhancing photosynthetic efficiency
and nutrientuptake, as noted by [32].
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Figure 2: Interaction of Variety and Spacing on Plant height of wheat during the 2021 and 2022 Cold dry season

Similarly, the Seed Rate x Spacing interaction (Figure 3) revealed that plant height increased with both higher seed rates and wider
spacing, reaching 90-92 cm under 150 kg ha™* and 30 cm spacing in both years. This balance between density and space optimized
light interception and nutrient availability per plant. Comparable findings by [1] and [37] confirm that moderate density combined
with adequate spacing promotes better canopy development under Sahelian conditions.
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Figure 3: Effect of Seed rate and spacing on Plant height of wheat during the 2021 and 2022 Cold dry season

Figure 4 a & b shows the three-way interaction (Variety x Seed Rate x Spacing) which further demonstrated that Norman exhibited
superior plant height (up to 99 cmin 2021 and 68.66 cm in 2022) under moderate to high seed rates (150-200 kg ha™*) and moderate
spacing (15-30 cm), while Borloug remained shorter (77-85 cm, 54-59 cm respectively) across most treatments. This indicates that
Norman's tall structure and delayed phenology favor vegetative growth under optimal density, whereas Borloug's early maturity and
reduced internode elongation limit height under crowding. Similar varietal-specific interactions under semi-arid conditions were

reported by [11]and [9].
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Figure 4a: Interaction of Variety, Seed rate and Spacing on plant height of wheat during the 2021 cold dry season
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Figure 4b: Interaction of Variety, Seed rate and Spacing on plant height of wheat during the 2022 cold dry season

The Variety x Seed rate interaction is shown in Figure 5 and revealed that Norman consistently headed later (up to 68 days) than
Borloug (56-58 days), particularly at higher seed rates (150-200 kg ha™), indicating that Norman's longer vegetative phase is
enhanced under denser canopies, while Borloug's earlier heading reflects its rapid development and adaptability to short-season
environments.

Similarly, the Variety x Spacing interaction (Figure 6) demonstrated that Norman maintained delayed heading across all spacings
(67-68 days), whereas Borloug's heading was progressively delayed with wider spacing (59-68 days), suggesting that reduced
interplant competition prolongs vegetative growth through improved light and nutrient availability. The Seed Rate x Spacing
interaction (Figure 7) further revealed that heading was delayed at higher seed rates and wider spacing (up to 67 days in 2021),
reflecting enhanced resource use and slower canopy closure. Overall, moderate seed rates (150 kg ha™*) and intermediate spacing
(15 cm) produced balanced phenology, optimizing thermal use efficiency under Sahelian conditions. These patterns agree with
reports by [5],[19] and [33], which emphasize that genotype and planting geometry jointly determine wheat's developmental timing
under semi-arid environments.
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Figure 7: Interaction of Seed rate and spacing on Days to Heading of wheat during the 2022 cold dry seasons

The three-way interaction of variety, seed rate, and spacing on
days to heading revealed distinct genotype-specific and
management-dependent responses across both seasons. In
2021 (Figure 8a), Norman consistently exhibited delayed
heading (52-66 days) compared to Borloug (53-69 days), with
the delay most pronounced under higher seed rates (150-200
kg ha™') and wider spacing (30 cm). This indicates that
Norman's late-maturing nature allows it to maintain a
prolonged vegetative phase even under dense stands, while
Borloug's heading was more responsive to spacing and seed
rate, showing the longest delay (69 days) at 150-200 kg ha™
and 30 cm spacing due to reduced interplant stress and
improved assimilate accumulation.

In 2022 (Figure 8b), similar trends were observed. Norman
maintained significantly later heading (67-69 days) across all
treatments, while Borloug headed earlier (54-59 days).

The consistency of Norman's phenological delay under all
density and spacing combinations highlights its strong
genotypic control of developmental timing and better
adaptation to extended cool periods. In contrast, Borloug's
earlier heading at higher density and narrow spacing suggests a
stress-escape mechanism typical of early-maturing cultivars
under Sahelian heat conditions.

In general, the interaction demonstrates that Norman's
phenology is largely genotype-driven, while Borloug's is more
sensitive to management variables such as spacing and seed
rate. These findings agree with reports by [24] [20] and [7], who
found that the combined effects of genotype, seed rate, and
spacing regulate wheat's transition to heading through altered
canopy structure, thermal accumulation, and light interception
efficiency in semi-arid environments.
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Figure 8b: Interaction of Variety, Seed rate and Spacing on Days to Heading of wheat during the 2022 cold dry season

3.2Yield andyield-related components of wheat

Table 2 presents the effects of seed rate and spacing on yield
components (number of spikes per square meter, spike length,
and number of grains per spike) of two wheat varieties during
the 2021 and 2022 cold dry seasons. Results revealed significant
influences of variety, seed rate, and spacing, with notable
interactions across seasons. Varieties differed significantly in
the number of grains per spike but not in spike density or spike
length during 2021. Norman produced more grains per spike
(52.04) than Borloug (48.04), indicating superior reproductive
efficiency, a trend consistent in 2022, though Borloug recorded
slightly higher spike density. This reflects genotypic differences
in assimilate partitioning and spike fertility, key determinants of
final grain yield, as supported by [2] Alqudah et al. (2020). The
stability of spike length across varieties further suggests this
traitis more genetically controlled [18].

Seed rates significantly (p <0.001) affected spike length and
grains per spike but not spike density.

The highestseed rate (200 kg ha™) produced shorter spikes and
fewer grains, implying excessive intra-plant competition limited
spike development [39]. In contrast, 100 kg ha™* resulted in
longer spikes (9.25 cm) and more grains (51.44), reflecting
efficient resource use under moderate density, consistent with
[27], who noted optimal seeding rates maximise spike fertility
and spike length by reducing competition.

Plant spacing strongly (p <0.001) influenced all spike traits in
both years. Wider spacing (30 cm) produced the highest spike
density (354.78 m™2) and spike length (9.72 cm), while closer
spacing (0 cm) reduced these values. This suggests that
adequate spacing enhances photosynthetic efficiency and
assimilate supply per plant, promoting reproductive growth as
reported by [20]. Similarly, increased grains per spike under
wider spacing align with [12], who reported that reduced
interplant competition enhances spikelet fertility and grain
formation. The interaction between experimental factors were
significantacross the two seasons and are presented below.
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Table 2: Number of spikes per square meter, Spike length and Number of grains per spike of Wheat varieties as affected by Seed rate and spacing during 2021 and 2022 Cold dry
seasons

2021 2022
Treatment Number of spike m-2 Spike length Number‘ of grains Number of spike m-2 Spike length Number- of grains
(Cm) Spike! (Cm) Spike !
Variety (V)
Borloug 332.00 9.04 48.04b 336.78a 9.26 49.67
Norman 332.74 8.95 52.04a 316.30b 9.01 51.70
p-value 0.9104 0.6654 <.0001 0.0061 0.1475 0.0639
SE+ 4.6197 0.1441 0.2400 49754 0.1184 0.7536
Seed rate (Sr)
100 341.44 9.25a 51.44a 333.17 9.28a 51.94
150 328.28 9.22a 48.55¢ 321.06 9.39a 50.50
200 327.39 8.51b 50.11b 325.39 8.74b 49.61
p-value 0.1591 0.0070 <.0001 0.3728 0.0069 0.2104
SE+ 5.6579 0.1765 0.2940 6.0936 0.1452 0.9230
Spacing (S)
0 317.67 8.47b 45.11c 311.67b 8.53c 46.83b
15 321.50 8.98b 51.94b 313.17b 9.16b 52.33a
30 357.94 9.53a 53.06a 354.78a 9.72a 52.89a
p-value <.0001 0.0007 <.0001 <.0001 <.0001 <.0001
SE+ 5.6579 0.1765 0.2940 6.0936 0.1451 0.9230
Interaction
VxSr 0.0303 0.0001 <.0001 0.0060 0.0002 0.0045
VxS 0.0139 0.0006 <.0001 0.0028 0.0002 0.0059
Srx S <.0001 0.0060 <.0001 0.0035 0.0092 0.0245
VxSrxS 0.6288 0.0713 <.0001 0.1429 0.0013 0.0159

Means in a column sharing the same letter are not significantly different at 5 % level of probability using SNK

The Variety x Seed Rate interaction significantly influenced yield components of wheat across both seasons, highlighting genotype-
specific responses to plant density. For spike number per square meter (Figure 9), Borloug consistently produced more spikes (up to
349.88 m™%in 2022) than Norman, particularly atlower seed rates (100-150 kg ha™*). Spike number declined at the highest seed rate
(200 kg ha™) in both varieties, suggesting that excessive plant density increased intra-specific competition, reducing tiller survival.
This agrees with findings by [2] and [27], who observed that moderate seeding rates optimize tillering and spike formation under
semi-arid conditions.
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Figure 9: Interaction of Variety and Seed rate on Number of spikes per square meter of wheat during the 2022 cold dry seasons

Spike length also responded to the interaction between variety and seed rate (Figure 10). In 2021, Borloug recorded the longest
spikes (9.94 cm) at 100 kg ha™*, while Norman achieved comparable lengths (9.72 cm) at 150 kg ha™*, indicating differential resource
use efficiency between genotypes. In 2022, spike length increased slightly with higher seed rates for both varieties, reflecting
compensatory growth under moderate competition. Similar patterns were reported by [12], who noted that moderate plant density
enhances spike elongation by balancing assimilate supply and demand.

30. www.agriculture.researchfloor.org


https://agriculture.researchfloor.org/
https://agriculture.researchfloor.org/

Rabiu, R. T et al, / Agriculture Archives (2025)

10.5
10.0 10.0
05 =
ﬂ ﬂ 9.5
X
T =
] a.0 g
b o 90
= u
Y a5 +
85
80
100 150 200 100 150 200
100 150 200 100 150 200

BORLOUG MORMAN

WARIETY / SEEDRATE BORLOUG MORMAN

WARIETY / SEEDRATE
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Figure 11 presents the interaction of variety and seed rate on number of grains per spike where Norman consistently (p <0.001)
produced more grains (up to 53.55) than Borloug (47-53), particularly at 150 kg ha™* seed rate, indicating superior spike fertility and
assimilate partitioning. Borloug's grain number declined sharply at intermediate densities, suggesting greater sensitivity to
crowding stress. These results align with studies by [28] and [32], which emphasize genotype-dependent plasticity in spike fertility
under varying plant densities in Sahelian wheat production.
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Interaction of Variety and spacing on number of spikes, spike length and number of grains per spikes

The observed Variety x Spacing interaction revealed that Borloug at 30 cm spacing achieved the highest spike density across both
years (Figure 11), whereas Borloug at 0 cm spacing recorded the lowest. This indicates that wider spacing favored tillering and spike
emergence due to reduced interplant competition and better access to light, nutrients, and moisture. Similar findings were reported
by [28] and [20], who noted that wider row spacing enhances spike formation and overall yield components in wheat by improving

canopy architecture and photosynthetic efficiency.
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Figure 11: Interaction of Variety and Spacing on Number of spikes m-2 of wheat during 2021 and 2022 cold dry seasons

In contrast, Norman at 15 cm spacing produced the highest number of grains per spike as shown in Figure 12, suggesting that
moderate spacing provided optimal resource balance for spikelet development and grain filling. [12] and [27] also reported that
moderate plant spacing maintains sufficient photosynthetic surface area while minimizing competition, thereby enhancing spike
fertility and kernel set. The poor performance of Borloug at 0 cm spacing further confirms that excessive crowding limits
reproductive growth through shading and nutrient stress
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Figure 12: Interaction of Variety and spacing on Number of Grain per Spike of wheat during 2021 and 2022 cold dry seasons

Interaction of Seed rate and spacing on number of spikes, spike length and number of grains per spikes

The Seed Rate x Spacing interaction revealed clear and consistent effects on wheat yield components across both seasons (Figure 13-
15). The combination of 100 kg ha™ seed rate and 30 cm spacing produced the highest spike density (401.83 and 389.16 m™?),
longest spikes (10.1 cm and 10.3 cm), and most grains per spike (53.66 and 55.16), indicating that moderate seeding and wider
spacing optimized both tiller formation and spike development. This superior performance likely resulted from reduced intra-plant
competition, better light interception, and efficient resource use per plant [4] [27]. Conversely, the highest seed rate (200 kgha™) at
narrow spacing (0 cm) produced the lowest values for all yield components, reflecting the adverse impact of crowding on tiller
survival and spikelet fertility. High plant density increases competition for light, nutrients, and moisture, leading to fewer productive
tillersand reduced assimilate allocation to reproductive organs [6][20].
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Interaction of Variety x Seed rate x spacing on spike length and number of grains per spikes

The Variety x Seed Rate x Spacing interaction showed a clear differential response of wheat yield components across genotypes, with
significant variation in both the number of grains per spike and spike length (Figure 16-18). Figure 16 shows longest spike length
were obtained when the Borloug 100 kgha™ x 30 cm spacing combination gave the longest spikes (12.0 cm), while Norman at 200 kg
ha™* x 0 cm spacing recorded the shortest (7.66 cm). This pattern emphasizes that moderate seeding with wider spacing maximizes
spike elongation through better nutrient availability and photosynthetic efficiency, while high density restricts spike growth due to
competition stress [2][20].

Similarly, for number of grains per spike, the combination of Norman at 200 kg ha™* seed rate and 15 cm spacing recorded the highest
grain count (59.33 and 58.66), followed closely by Borloug at 100 kg ha™ and 30 cm spacing (59.33 and 61.33). These combinations
demonstrate the complementary influence of optimal density and spacing on spike fertility and grain set. Wider spacing likely
enhanced light penetration and reduced competition, while moderate to high seed rates promoted uniform spike development [27].
Conversely, Borloug at 150 kg ha™ and 0 cm spacing produced the lowest grain number (40.66 and 45), indicating the suppressive
effect of excessive crowding on reproductive potential due to limited assimilate partitioning to the spikes.

Overall, the results indicate that Borloug under 100 kg ha™ seed rate and 30 cm spacing achieved the best structural performance
(long spikes and high grains per spike), while Norman under 200 kg ha™* and 15 cm spacing expressed superior spike fertility. Thus,
optimal performance depends on genotype-specific responses to planting density and spacing, reflecting inherent differences in
tillering capacity and assimilate
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Figure 18: Variety x seed rate x spacing interaction on number of grains per spike of wheat during the 2022 cold dry season

Grainyieldand 1000 seed weight

The results in Table 3 reveal that both variety, seed rate, and spacing significantly influenced the 1000-grain weight, grain yield per
plot, and grain yield per hectare of wheat during the 2021 and 2022 cold dry seasons. Borloug consistently outperformed Norman,
producing significantly (p <0.001) the heaviest grains (49.36 gin 2021 and 47.41 gin 2022) and the highest grain yields (5.10 plots™;
3868.09 kgha™'in 2021 and 5.07 plots™; 3377.65 kg ha™* in 2022). This indicates Borloug's superior assimilate partitioning to the
grains and better adaptation to the Sahelian environment. In contrast, Norman produced lighter grains and lower yields, reflecting
its longer growth duration and possible susceptibility to late-season heat stress. These findings align with [38]and [10], who
reported that genotypic differences in grain filling efficiency and thermal tolerance largely determine yield performance in wheat
under semi-arid conditions. This confirms that Borloug's morphological traits favor denser spike formation and efficient dry matter
utilization under wider spacing and higher seed rates typical of the Nigerian Sahel.

The use of 200 kg ha™* seed rate significantly (p <0.001) produced the highest 1000-grain weight (48.97 g) and yield (3868.09 kg
ha™) in 2021, though the yield advantage slightly declined in 2022, possibly due to interplant competition at excessive density.
Moderate seed rate (150 kg ha™) consistently maintained good balance between spike fertility and resource use efficiency. Similar
density-related yield trends were reported by [4] and [27], who found that optimal seeding rates (between 120-160 kg ha™)
maximize grain yield by reducing intra-specific competition.

Spacing also exerted a significant (p <0.001) effect on yield traits. Wider spacing (30 cm) produced the heaviest grains (49.17-50.56
g) and the highest grain yields (3868.04 and 3589.56 kg ha™*) across seasons, while the narrowest spacing (0 cm) resulted in the
lowest performance. Wider spacing improved photosynthetic efficiency and allowed for better canopy aeration and nutrient uptake,
thereby enhancing grain filling and weight accumulation. These results corroborate the findings of [12] and [20], who reported that
moderate to wide spacing enhances wheat productivity by improving light interception and reducing interplant competition.

Table 3: 1000 grain weight, Grainyield per plot and Grainyield per hectare of Wheat varieties as affected by Seed rate and spacing during 2021 and 2022 Cold dry seasons

2021 2022
Treatment 1000 Grain weight (g) Grain yield plots Grain yield (kg ha) 1000 Grain Weight (g) Grain yield plots Grain yield (kg ha'1)
Variety (V)
Borloug 49.36a 5.10a 3868.09a 47.41a 5.07a 3377.65a
Norman 42.93b 4.36b 3164.83b 45.56b 4.48b 2989.02b
p-value <.0001 0.0002 <.0001 0.0248 0.0007 0.0007
SE+ 0.0822 0.1244 0.0873 0.5589 0.1115 74.3489
Seed rate (Sr)
100 43.10c 4.25b 3164.96¢ 46.47 4.76 3174.19
150 46.37b 4.82a 3516.34b 46.75 4.97 3311.64
200 48.97a 5.12a 3868.09a 46.22 4.60 3064.17
p-value <.0001 0.0011 <.0001 0.8623 0.1712 0.1712
SE+ 0.1007 0.1524 0.1070 0.6846 0.1366 91.0585
Spacing (S)
0 43.07c 4.30b 3164.83c 43.14c 4.44b 2958.08b
15 46.19b 4.82a 3516.52b 45.75b 4.50b 3002.36b
30 49.17a 5.07a 3868.04a 50.56a 5.38a 3589.56a
p-value <.0001 0.0034 <.0001 <.0001 <.0001 <.0001
SE+ 0.1007 0.1524 0.1070 0.6846 0.1366 91.0585
Interaction
VxSr <.0001 0.8103 <.0001 0.0062 0.0691 0.0691
VxS <.0001 0.3122 <.0001 0.6219 <.0001 <.0001
Srx S 0.0023 0.4777 <.0001 0.2947 0.0138 0.0138
VxSrxS$S <.0001 0.4042 <.0001 0.0076 0.0002 0.0002

Means in a column sharing the same letter are not significantly different at 5 % level of probability using SNK
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Interaction of Variety x Seed rate x spacing on 1000 seed weightand grainsyield (kgha-1)

The Variety x Seed Rate x Spacing interaction showed distinct genotype-specific responses in 1000-grain weight and grain yield
(Figure 19-22). The best performance occurred with Borloug at 200 kg ha™ seed rate and 30 cm spacing, producing the highest
1000-grain weight (53.0 and 46.5 g) and grain yield (4680.43 and 3580 kg ha™ in 2021 and 2022) compared with rest of the
interaction combination. This reflects efficient assimilate partitioning and reduced competition under wider spacing [31][11]. In
contrast, Norman at 100 kg ha™* and 0 cm spacing recorded the lowest grain weight (40.0 and 41.66 g) and yield (3133.53 and 2400
kg ha™?), indicating limited resource-use efficiency and competition stress. Overall, Borloug responded better to higher seed rates
and wider spacing, while Norman performed optimally under moderate density. These results confirm that balanced plant
population and spacing enhance rain filling and yield stability under Sahelian conditions [38][12].
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Figure 19: Variety x seed rate x spacing interaction on 1000 grain weight of wheat during the 2021 cold dry season
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Figure 21: Variety x seed rate x spacing interaction on grainyield of wheat during the 2021 cold dry season
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Figure 22: Variety x seed rate x spacing interaction on grain weight of wheat during the 2022 cold dry season

Conclusion and Recommendation

This study established that wheat productivity in the Nigerian
Sahel Savanna is strongly determined by the interaction among
variety, seed rate, and spacing. Across both seasons, Borloug
outperformed Norman in grain yield and 1000-grain weight,
while Norman produced more grains per spike, reflecting
varietal differences in assimilate partitioning and reproductive
efficiency. Amoderate seed rate (150 kg ha™*) and wider spacing
(30 cm) consistently improved spike density, spike length, and
grain yield, whereas excessive seeding (200 kg ha™) reduced
yield components due to competition stress.

The Borloug x 100 kg ha™ x 30 cm combination achieved the
highest grain yield and 1000-grain weight, while Norman x 200
kg ha™* x 15 cm excelled in spike fertility. These findings
highlight the need for genotype-specific agronomic
optimisation to balance plant density and spacing for maximum
productivity.

It is therefore recommended that Borloug be cultivated at
100-150 kg ha™* seed rate with 30 cm spacing under irrigated
Sahelian conditions to achieve superior yield performance.
Further studies should integrate these agronomic practices
with nutrient and water management strategies to enhance
wheat resilience and productivity under the evolving climatic
conditions of the Sahel.

Competing Interests
Authors have declared thatno competinginterests exist.

References

1. Abboye, A.D., & Teto, A.M. (2020). Response of Seed Rates and
Row Spacing on Growth, Yield and Yield Components of Wheat
(Triticum aestivum L.) Crop. Journal of Natural Sciences Research,
10(3),28-36.

2. Alqudah, A. M., Haile, J. K., Alomari, D. Z., Pozniak, C. ]., Kobiljski, B.,
& Borner, A. (2020). Genome-wide and SNP network analyses
reveal genetic control of spikelet sterility and yield-related traits
in wheat. Scientific reports, 10(1), 2098.
https://doi.org/10.1038/s41598-020-59004-4

3. Baranovsky, A. V., Sadovoy, A. S., Kapustin, S. 1., & Kapustin, A. S.
(2020). Optimization of sowing time for grain sorghum and
millet. Bioscience research,17(2),1121-1128.

4. Behzad, M.A., Omerkhil, N. & Faqiryar, F. (2021). Influence of
Different Seed Rates on the Growth and Yield Characteristics of
Wheat Crop (Triticum aestivum L.): Case Study of Takhar
Province, Afghanistan. Grassroots Journal of Natural Resources,
4(4),1-12.
https://doi.org/10.33002/nr2581.6853.040401

5.

10.

11.

12.

13.

14.

Carcedo, AJ.P, Cejas, E., & Gambin, B.L. (2021). Adapting sorghum
sowing date and genotype maturity to seasonal rainfall variation
in a temperate region, in silico Plants, 3(1). diab007,
https://doi.org/10.1093/insilicoplants/diab007

Chalchissa, C., Chala, M., & Addisu, B. (2023). Effect of Plant
Density and NPS Fertilizer Rates on Growth, Yield and Yield
Components of Maize (Zea mays L.) in Central highland of
Ethiopia. South Asian Research Journal of Agriculture and
Fisheries, 5(6),88-96.

Christensen, S., & Jensen, S. M. (2023). Unravelling the
Complexities of Genotype-Soil-Management Interaction for
Precision Agriculture. Agronomy, 13(11), 2727.
https://doi.org/10.3390/agronomy13112727

Ebaid, M., El-Temsah, M. E., Abd El-Hady, M. A., Alahmari, A. S., El-
Kholy, A. S. M., Abd El-Moneim, D., & Saad, A. M. (2025). Impact of
foliar application using amino acids, yeast extract, and algae
extract in different concentrations on growth parameters, yield
traits, grain quality, and nitrogen-related parameters of wheat in
arid environments. Peer Journal, 13, e19802.
https://doi.org/10.7717 /peerj.19802

Elnajar, M., Aldesuquy, H., Abdelmoteleb, M., & Eltanahy, E.
(2024). Mitigating drought stress in wheat plants (Triticum
aestivum L.) through grain priming in aqueous extract of
spirulina platensis. BMC plant biology, 24(1), 233.
https://doi.org/10.1186/s12870-024-04905-z

Feng, X, Huai, Y, Kang, S., Yang, L., Li, Y, Feng, ]., Zhang, Z., Maw, M.
J. W, Cui, Z., & Ning, P. (2024). Reproductive resilience of growth
and nitrogen uptake underpins yield improvement in winter
wheat with forced delay of sowing. The Science of the total
environment, 949,175108.
https://doi.org/10.1016/j.scitotenv.2024.175108

Ghafoor, 1., Habib-Ur-Rahman, M., Ali, M., Afzal, M., Ahmed, W,
Gaiser, T, & Ghaffar, A. (2021). Slow-release nitrogen fertilizers
enhance growth, yield, NUE in wheat crop and reduce nitrogen
losses under an arid environment. Environmental science and
pollution research international, 28(32), 43528-43543.
https://doi.org/10.1007/s11356-021-13700-4

Godara, R, & Kumar, R. (2025). Effect of Different Seed Rates and
Row Spacing on Yield Attributes and Yield of Late Sown Wheat
(Triticum aestivum L.). Agricultural Science Digest, 45(5), 862-
864. https://doi.org/10.18805 /ag.D-5516.

Gupta, A. (2022). Effect of Seed Rate on Yield of Wheat (Triticum
aestivum) under Front Line Demonstrations in Poonch. Asian
Journal of Agricultural Extension, Economics & Sociology, 40(10),
795-797.

https://doi.org/10.9734 /ajaees/2022/v40i1031144

Gyawali, P, Gyawali, P,, Adhikari, B. B., & Katuwal, D. R. (2023).
Effect of Seed Rates and Sowing Dates on Productivity of Wheat
(Triticum aestivum L.). Turkish Journal of Agriculture - Food
Science and Technology, 11(12), 2347-2355.
https://doi.org/10.24925 /turjaf.v11i12.2340-2348.6326

37.

www.agriculture.researchfloor.org


https://agriculture.researchfloor.org/
https://agriculture.researchfloor.org/
https://doi.org/10.1038/s41598-020-59004-4
https://doi.org/10.33002/nr2581.6853.040401
https://doi.org/10.1093/insilicoplants/diab007
https://doi.org/10.3390/agronomy13112727
https://doi.org/10.7717/peerj.19802
https://doi.org/10.1186/s12870-024-04905-z
https://doi.org/10.1016/j.scitotenv.2024.175108
https://doi.org/10.1007/s11356-021-13700-4
https://doi.org/10.18805/ag.D-5516
https://doi.org/10.9734/ajaees/2022/v40i1031144
https://doi.org/10.24925/turjaf.v11i12.2340-2348.6326

Rabiu, R. T et al, / Agriculture Archives (2025)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Haarhoff, S. J., & Swanepoel, P. A. (2022). Plant Population and
Row Spacing Affects Growth and Yield of Rainfed Maize in Semi-
arid Environments. Frontiers in plant science, 13, 761121.
https://doi.org/10.3389/fpls.2022.761121

Habib-ur-Rahman, M., Ahmad, A., Raza, A., Hasnain, M.U., Alharby,
H.E, Alzahrani, Y.M., Bamagoos, A.A,, Hakeem, K.R,, Ahmad, S,
Nasim, W,, Alj, S., Mansour, F, and EL Sabagh, A. (2022). Impact of
climate change on agricultural production; Issues, challenges,
and opportunities in Asia. Frontiersin Plant Science, 13,925548.
https://doi.org/10.3389/fpls.2022.925548

Hamoda, A., & Dabbour, M. (2025). Optimizing corn productivity:
Hybrid and intra-row spacing effects on growth, yield, and
nutritional quality. Scientific reports, 15(1), 32601.
https://doi.org/10.1038/s41598-025-19439-z

Isham, K., Wang, R., Zhao, W,, Wheeler, ]., Klassen, N., Akhunov, E.,
& Chen, J. (2021). QTL mapping for grain yield and three yield
components in a population derived from two high-yielding
spring wheat cultivars. TAG. Theoretical and applied genetics.
Theoretische und angewandte Genetik, 134(7), 2079-2095.
https://doi.org/10.1007/s00122-021-03806-1

Karavidas, [, Ntatsi, G., Vougeleka, V., Karkanis, A., Ntanasi, T,
Saitanis, C., Agathokleous, E., Ropokis, A., Sabatino, L., Tran, E,
lannetta, P. P. M., & Savvas, D. (2022). Agronomic Practices to
Increase the Yield and Quality of Common Bean (Phaseolus
vulgaris L.): A Systematic Review. Agronomy, 12(2), 271.
https://doi.org/10.3390/agronomy12020271

Popoola, B. 0.,0ngom, P. 0., Mohammed, S. B., Togola, A,, Ishaya, D.
J., Bala, G., Fatokun, C., & Boukar, O. (2024). Assessing the Impact
of Genotype-by-Environment Interactions on Agronomic Traits
in Elite Cowpea Lines across Agro-Ecologies in Nigeria.
Agronomy, 14((2), 263.
https://doi.org/10.3390/agronomy14020263

Ranazai, S. K, Sadiq, M., Baloch, M. S., Qureshi, H., Anwar, T,
Alarfaj, A. A., & Ansari, M. ]. (2024). Impact of different priming
and sowing techniques in combination with different seed rates
on wheat growth and yield. Scientific reports, 14(1), 26726.
https://doi.org/10.1038/s41598-024-78256-y

Reidy, ]. (2023). Nigeria wheat consumption projected to drop |
World Grain. World-Grain.Com. https://www.world-
grain.com/articles/19114-nigeria-wheat-consumption-
projected-to-drop

Report Linker. (2024). Nigeria Wheat Industry Outlook 2022 -
2026. ReportLinker. https://www.reportlinker.com/clp/
country /4757 /726344#block-latest-reports

Sabir, K, Rose, T, Wittkop, B., Stahl, A.,, Snowdon, R.]., Ballvora, A.,
Friedt, W, Kage, H., Léon, ., Ordon, F, Stiitzel, H., Zetzsche, H., &
Chen, T. W. (2023). Stage-specific genotype-by-environment
interactions determine yield components in wheat. Nature
plants, 9(10),1688-1696.
https://doi.org/10.1038/s41477-023-01516-8

Sadig, M. S, Singh, I. P, & Ahmad, M. M. (2021). Technical
efficiency of USAID MARKETS II beneficiary small-scale rice
farmers in Kano State, Nigeria. Atatiirk Universitesi Iktisadi Ve
Idari Bilimler Dergisi, 35(4), 1463-1479.
https://doi.org/10.16951 /atauniiibd.929628

Sadig, M.S., Ahmed, M. M., Gama, E.N,, & Sambo, A.A. (2024).
Economic efficiency of small-scale wheat production in Jigawa
state, Nigeria. Siembra, 11(1), e5570.
https://doi.org/10.29166/siembra.v11i1.5570

Sheoran, S., Jaiswal, S., Raghav, N., Sharma, R,, Sabhyata, Gaur, A.,
Jaisri, J., Tandon, G., Singh, S., Sharma, P, Singh, R., Iquebal, M. A,
Angadi, U. B,, Gupta, A,, Singh, G., Singh, G. P, Rai, A., Kumar, D., &
Tiwari, R. (2022). Genome-Wide Association Study and Post-
genome-Wide Association Study Analysis for Spike Fertility and
Yield Related Traits in Bread Wheat. Frontiers in plant science, 12,
820761.

https://doi.org/10.3389/fpls.2021.820761

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Tagesse, B. (2022). Seeding Rate and Varieties Effect on Food
Barely (Hordeum vulgare spp. vulgare L.) Yield and Yield
Components at Duna District, Southern Ethiopia. International
Journal of Biosciences, 21(3), 177-188.
http://dx.doi.org/10.12692/ijb/21.3.177-188

Tang, L., Song, J., Cui, Y, Fan, H.,, & Wang, ]. (2025). Research
Progress on a Wide and Narrow Row Cropping System for Crops.
Agronomy, 15(1), 248.
https://doi.org/10.3390/agronomy15010248

Tokatlidis, I., Chauhan, Y, & Assefa, Y. (2022). Editorial: Crop
response to density: Optimization of resource use to promote
sustainability. Frontiers in plant science, 13, 969332.
https://doi.org/10.3389/fpls.2022.969332

Toll K. (2023). An evolutionary framework for understanding
habitat partitioning in plants. American journal of botany, 110(1),
e16119.https://doi.org/10.1002/ajb2.16119

van der Meer, M., Lee, H., de Visser, P. H. B.,, Heuvelink, E., &
Marcelis, L. F. M. (2023). Consequences of interplant trait
variation for canopy light absorption and photosynthesis.
Frontiersinplantscience, 14,1012718.
https://doi.org/10.3389/fpls.2023.1012718

Yagmur, M. (2023). Effects of Seeding Rates and Sowing Times on
Grain Yield and Yield Components in Rye (Scale cereale L.) Under
Dry Condition. Manas Journal of Agriculture Veterinary and Life
Sciences, 13(1),9-16.

https://doi.org/10.53518 /mjav].1168148

Yousaf, M., Riaz, M. W, Jiang, Y, Yasir, M., Aslam, M. Z., Hussain, S.,
Sajid Shah, S. A, Shehzad, A., Riasat, G., Manzoor, M. A, & Akhtar, I.
(2022). Concurrent Effects of Drought and Heat Stresses on
Physio-Chemical Attributes, Antioxidant Status and Kernel
Quality Traits in Maize (Zea mays L.) Hybrids. Frontiers in plant
science, 13,898823. https://doi.org/10.3389/fpls.2022.898823
Yousaf, M., Riaz, M. W,, Shehzad, A., Jamil, S., Shahzad, R., Kanwal,
S., Ghani, A, Alj, F,, Abdullah, M., Ashfaq, M., & Hussain, Q. (2023).
Responses of maize hybrids to water stress conditions at
different developmental stages: accumulation of reactive oxygen
species, activity of enzymatic antioxidants and degradation in
kernel quality traits. Peer/, 11,e14983.

https://doi.org/10.7717 /peerj.14983

Zakari, S., Manda, J., Germaine, I, Moussa, B., & Abdoulaye, T.
(2023). Evaluating the impact of improved crop varieties in the
Sahelian farming systems of Niger. Journal of Agriculture and
Food Research,14,100897.
https://doi.org/10.1016/j.jafr.2023.100897.

Zaman, L., Ali, M., Shahzad, K., Tahir, M. S., Matloob, A., Ahmad, W,,
Alamri, S., Khurshid, M. R,, Qureshi, M. M., Wasaya, A., Baig, K. S,,
Siddiqui, M. H., Fahad, S., & Datta, R. (2021). Effect of Plant
Spacings on Growth, Physiology, Yield and Fiber Quality
Attributes of Cotton Genotypes under Nitrogen Fertilization.
Agronomy, 11(12),2589.
https://doi.org/10.3390/agronomy11122589

Zarea, M. ]., & Karimi, N. (2023). Grain yield and quality of wheat
are improved through post-flowering foliar application of zinc
and 6- benzylaminopurine under water deficit condition.
Frontiers in plant science, 13, 1068649.
https://doi.org/10.3389/fpls.2022.1068649

Zhang, R, & Tielborger, K. (2020). Density-dependence tips the
change of plant-plant interactions under environmental stress.
Nature communications, 11(1), 2532.
https://doi.org/10.1038/s41467-020-16286-6

Zhang, X.,Wang, Z,, Li, Y, Guo, R, Liu, E,, Liy, X,, Gu, F, Yang, Z., Li, S.,
Zhong, X., & Meij, X. (2022) Wheat genotypes with higher yield
sensitivity to drought overproduced proline and lost minor
biomass under severer water stress. Frontiers in Plant Science,
13,1035038.

https://doi.org/10.3389/fpls.2022.1035038

38.

www.agriculture.researchfloor.org


https://agriculture.researchfloor.org/
https://agriculture.researchfloor.org/
http://dx.doi.org/10.12692/ijb/21.3.177-188
https://doi.org/10.3390/agronomy15010248
https://doi.org/10.3389/fpls.2022.969332
https://doi.org/10.3389/fpls.2023.1012718
https://doi.org/10.53518/mjavl.1168148
https://doi.org/10.3389/fpls.2022.898823
https://doi.org/10.7717/peerj.14983
https://doi.org/10.1016/j.jafr.2023.100897
https://doi.org/10.3390/agronomy11122589
https://doi.org/10.1038/s41467-020-16286-6
https://doi.org/10.3389/fpls.2022.1035038
https://doi.org/10.3389/fpls.2022.761121
https://doi.org/10.3389/fpls.2022.925548
https://doi.org/10.1038/s41598-025-19439-z
https://doi.org/10.1007/s00122-021-03806-1
https://doi.org/10.3390/agronomy12020271
https://doi.org/10.3390/agronomy14020263
https://doi.org/10.1038/s41598-024-78256-y
https://www.world-grain.com/articles/19114-nigeria-wheat-consumption-projected-to-drop
https://www.world-grain.com/articles/19114-nigeria-wheat-consumption-projected-to-drop
https://www.world-grain.com/articles/19114-nigeria-wheat-consumption-projected-to-drop
https://www.reportlinker.com/clp/country/4757/726344
https://www.reportlinker.com/clp/country/4757/726344
https://doi.org/10.1038/s41477-023-01516-8
https://doi.org/10.16951/atauniiibd.929628
https://doi.org/10.29166/siembra.v11i1.5570
https://doi.org/10.3389/fpls.2021.820761

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16

