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ABSTRACT

Productivity improvement by adapting varieties to their environment was a major concern in the Sahel
countries. Climatic constraints and low soil fertility are the main factors conditioning millet yield. The
objective of this study is to evaluate the influence of edaphic parameters, sowing technics, and
fertilization on the improvement of eight genotypes of millet. For this, a trial including eight varieties of
millet in split plot was installed on the experimental station of CERRA in Maradi in 2020 during the rainy
season. Soil samples at a depth of 20 cm were collected at the beginning and the end of experiment. Soll
pH, organic carbon, and assimilable phosphorus were determined. Two sowing technics, seed balls, and
direct sowing were applied. In seed balls, two types of fertilizer were used: the NPK (15-15-15) and ash.
Phenology parameters and grain yield of each variety was measured. A statistical analysis of these data
showed that edaphic parameters do not significantly influence yield. However, a significant variation in
grain yield was observed among genotypes. Specifically, the variety ICMV IS 89305 exhibited a
significantly higher grain yield (789 +/- 590 kg ha™) compared to ICVH 18 (348+/-289 kg ha™). Moreover,
the different types of treatments applied to the seedlings showed a significant difference in terms of grain
yield. The SSB treatments yielded more (1101+/-541 kg ha™) than the BSC (480+/-463 kg ha™) and BSE
(317+/-322 kg ha™) ball treatments. These results highlight substantial variability both within and between
treatments. The positive effect of seed balls and fertilizer included vary according to the context.
Specifically, when rainfall is scarce, seed balls prove to be non-efficient in improving the yield of millet.

Keywords: Soil fertility, Seed balls, Pearl millet,; Niger Sowing techniques, fertilization

1. INTRODUCTION

Sahelian agriculture faces several challenges linked to population growth, agricultural pressure, and soil
fertility degradation. Additionally, crucial environmental factors, such as rainfall characterized by spatial and
temporal variability [1], significantly impact it. The ongoing depletion of soils due to mining agriculture [2],
and associated with subsistence-driven farming lead farmers to expand cultivation into marginal lands [3].
Integrated soil fertility management practices like fallowing have almost disappeared in certain areas due to
the expansion of agricultural land that has reached its limits [4-5]. These soils face intense anthropogenic
pressure, coupled with increasingly unfavorable climatic conditions. Consequently, they become highly
susceptible to degradation and are unable to sustainably support current agricultural production systems
and methods [4].

Moreover, creating varieties with genotypes that perform well in improving production and resisting the
challenges of the Sahel has become a priority in agricultural policies in West Africa [6]. Millet (Pennisetum
glaucum (L). R.Br.) stands out as one of the most studied cereals, given its importance and unique
characteristics. Indeed, millet serves as a crucial subsistence food crop in the Sahel region of West Africa,
forming the staple diet for several million people [7-8]. Millet cultivation stands as one of the predominant
cropping systems in Niger, the second largest producer in Africa after Nigeria [9]. It occupies over 65% of
harvested areas, yielding less than 500 kg ha™ [10], and contributes to 75% of the country's total cereal
production [11]. In 2016, millet production reached 3.8 million tons, ranking it the first among cereals
produced and consumed in the country [12]. However, its production faces decline due to soll
impoverishment and low rates of organic and mineral fertilization [10].



Efforts have been made to enhance millet productivity, with innovations such as the seed ball technology
developed for Sahelian agrosystems to address water scarcity and optimize seed usage [13]. This
technology, refined [14], and tested on certified millet varieties under farmers' conditions, has demonstrated
a significant increase in pearl millet performance, encompassing aspects such as emergence, growth, grain
yield, and phenology [15]. While many unregistered pearl millet varieties, mostly held by farmers and some
under development by researchers, have shown promising performance in diverse conditions, their
behavior in seed balls remains uncertain. Moreover, most trials conducted overlook soil characteristics and
fertility status.

The present study aims to evaluate the influence of soil characteristics and sowing techniques on the grain
yield of eight genotypes of pearl millet in a Sahelian agrosystem in Niger.

2. MATERIAL AND METHODS

2.1 Study Site

This study was conducted at the experimental station of the National Institute of Agriculture in Maradi. The
climate is of the Sahelian type and is characterized by three seasons: a cold dry season from September to
January, a hot dry season from January to May (extending to July) marked by a hot and dry wind, and
finally, a rainy season from May to September, characterized by significant precipitation. Over the past ten
years, the annual average rainfall at this station has been 509.17 mm. However, rainfall quantity is highly
variable, ranging from 380 to 625mml/year, and often poorly distributed over time. The soils at this location
are tropical ferruginous soils with a sandy texture, exhibiting low chemical fertility but good permeability.
They include leached or depleted tropical ferruginous soils, characterized by pounding and low permeability
that favors runoff, though they are difficult to work. Additionally, there are hydromorphic soils or lowland
soils, featuring a sandy-clay texture and generally rich in organic matter.

2.2 Genetic Materials

The genetic material comprises eight pearl millet varieties developed by the National Institute of Agricultural
Research and the International Crop Research Institute for the Semi-Arid Tropics (ICRISAT). These
varieties are: HKP, PPB-SH, INMI-PM, ICMV IS 89305, MIL DE SIAKA; ICVH 15; ICVH 17, and ICVH 18.

2.3 Experimental Design

The experimental setup consists of a split-plot design with 3 replications, each containing 3 large plots and
8 small plots. Two factors are under study: the variety factor with 8 modalities (HKP, PPB-SH, ICMV IS
89305, INMI PM, MIL DE SIAKA, ICVH15, ICVH17, and ICVH18), and the fertilization or sowing technique
factor with three modalities (Seed balls with NPK, Seed balls with Ash, direct sowing). The replications are
spaced 1.6m. Each elementary plot measures 17.8m?2 and represents a genotype, while each large plot
represents a treatment. Within each replication, three types of treatments are implemented.Sowing was
conducted in 4 lines of 10 seed holes, with row spacings and line spacings set at 0.8m*0.8m (Figure 1).
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Fig. 1. Experimental design showing the complete dispositive and detail of sowing spacing in an elementary
plot. SSB: direct sowing; BSC: sowing with ash ball; BSE: sowing with NPK ball

2.4 Technical Itinerary

The trial took place between June and November 2020. Sowing occurred on June 30, with and without
seed balls. Two types of fertilizers, NPK (15-15-15) and ash, were used to prepare seed balls according to
the following formula:

Seed ball = sand + clay + ash or NPK + seed + water,

with the quantities as follows:

Sand = 1.60 kg; Clay = 1.20 kg; Seed = 0.06 kg;

Ash or NPK = 0.08 kg.

During sowing, only one seed ball was placed per seed hole. Plants were thinned to 2 plants per seed hole
13 days after sowing. Harvesting was carried out plot by plot in November 2020.

2.5 Soil Sampling and Analysis

Soil samples were collected from a depth of 20cm within all the plots using a manual auger. For this a
diagonal was drawn inside the elementary plots along which three sub-samples were collected. These sub-
samples were then mixed to create one composite sample. pH, organic carbon, and phosphorus analyses
were conducted on each composite sample.

2.6 Grain Yield Measurements
Harvesting was conducted separately for each plot, and the grain weight was measured. The results were
extrapolated to calculate the yield in kg.ha™.

2.7 Data Analysis

Soil data were used to map the distribution of various elements in the field using Q-GIS 2.18.16. The
variation according to the treatment was determined with XLSTAT. Correlation between soil parameters
and grain yield was calculated. The effects of soil parameters, millet genotype, and fertilization (sowing
techniques) were studied using Analysis of Variance (Anova).

3. RESULTS AND DISCUSSION

3.1 Variation of Soil Phosphorus According to the Treatment

Before installing the trial, the average phosphorus value at the site was 1.50 mg kg™. Following the tests,
the average phosphorus decreased to 0.77 mg kg™, indicating a difference of 0.73 mg kg™. The results
reveal that, in the BSE treatments, the phosphorus content is the lowest (Figure 2). While the contents in
the BSC and SSB treatments are approximately identical, statistical analysis indicates that the difference is
not significant (ANOVA, P=.781).

West African soils are known for their low phosphorous content [16-17], and this content further diminishes
due to the export of agricultural residues [18]. Consequently, the available phosphorous for plants becomes
insufficient, leading to reduced yields and long-term soil impoverishment. Phosphorus fertilization, being the
most limiting factor in West African soils, may enhance crop yield according to Liebig's law, but the quantity
included in the seed ball is not sufficient. While nutrients in seed balls are close to the seed, their availability
for plant roots may be limited.



=
(5]

= =
S E)

Soil phosphorous at the end of cropping (mg.kg ')
=l
o

BSC BSE SSB
Treatments

Fig. 2. Variation of soil phosphorous according to the treatment at the end of cropping. .

3.2 Variation of Soil Organic Carbon According to the Treatment

The carbon content available on the site before setting up the trial was 110 mg-kg™*. By the end of the
cropping, the value increased to 166.43 mg kg™, representing an approximate increase of 56 mg kg™. The
results of the organic matter content at the end of cropping indicate that in the SSB treatment, the carbon
content is higher than in the other two treatments (Figure 3a). However, statistical analysis shows that this
difference is not significant (ANOVA, P = .358) among the treatments.
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Fig. 3. Variation of soil organic carbon according to the treatment (a) and spatial distribution (b) at the end
of cropping.

The spatial distribution map of organic carbon in the field exhibits variability in the soil, although the
randomization of the trial ensures an even distribution of treatments across the entire plot. This uniform



distribution explains the homogeneity observed throughout the plot based on treatments. Nevertheless, a
wide range of organic carbon is noted, ranging from 0.003 mg kg™ to 466 mg kg™*.

This variation in organic carbon may be attributed to a lack of humus mineralization at the end of the
cropping period. This situation can arise due to either excess humidity [19], or the absence of
microorganisms responsible for the decomposition of organic matter [20]

3.3 Variation of Soil pH According to the Treatment

The initial pH of the site before establishing the cultures was highly acidic with an average value of 5. After
the cultivation period, it increased to an average value of 6.60, approaching neutrality. Analysis of the pH
results at the end of the study indicates a slightly lower pH in the BSE treatment (Figure 4a). However,
statistical analyses reveal no significant difference among treatments (ANOVA, P=.704). The slight
difference could be explained by the presence of ash as the samples were collected in the vicinity of seed
hole. However, ash is known to have the property of highly increasing soil pH [21,22].

The pH map analysis shows that while the values are not entirely homogeneous throughout the plot, the
difference is not statistically significant (Figure 4b). In general, the majority of the plot has pH values close
to neutral, within the range favorable for biological activities and the availability of fertilizing elements for
plants. Only a small portion of the plot has acidic pH levels, ranging between 5 and 6.
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Fig. 4. Variation of soil pH according to the treatment (a) and spatial distribution (b) at the end of cropping.

3.3 Effect of Soil Phosphorus, Organic Carbon and pH on the Yield of Millet

The test results reveal weak relationships between phosphorus and grain, with correlation coefficients of
r=0.317. While phosphorus shows a proportional relationship with grain weight but it is not statistically
significant (P=.407). Consequently, there is no significant relationship between phosphorus and millet grain
yield.

Similarly, the correlation test results indicate weak relationships between carbon and grain yield, with
correlation coefficient of r=0.090. Although carbon demonstrates a proportional relationship with grain
weight but not statistically significant (P=.817). Therefore, there is no significant relationship between
carbon and millet grain and ear yields.

Lastly, the test results show weak relationships between pH and grain, with correlation coefficients of
r=0.065. While pH is proportional to the weight of the grains this relationship is not statistically significant
(P=.865). Hence, there is no significant relationship between pH and millet grain yield.

3.4 Effect of Genotype on the Yield of Millet



The results of the statistical analysis revealed a significant difference in grain weight among millet varieties
(ANOVA, P=0.03). Post-hoc comparison tests further demonstrated that this difference was particularly
notable between the varieties ICVH 18 and PPB-SH (P=.043), as well as ICVH 18 and ICMV IS 89305
(P=0.046) (Figure 5).
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Fig 5. Variation of millet yield according to the treatment

The observed differences in yield among the varieties ICVH18, PPB-SH, and ICMV IS 89305 underscore
the significant impact of genotype on millet yield. This emphasizes the importance of genotype-specific
adaptation to environmental conditions, productivity, and resilience against various constraints, as noted in
prior studies [23].

Research has demonstrated that certain varieties exhibit greater efficiency in fertilizer uptake [17], and this
efficiency can substantially influence yield outcomes, irrespective of the soil's fertilizer content. The inherent
genetic characteristics of millet varieties play a crucial role in their performance, highlighting the need for
tailored agricultural approaches based on specific genotypes for optimal productivity and resource
utilization.

3.5 Variation in Grain Yield of Millet According to the Treatment

The statistical analyses, employing ANOVA, indicate a significant variation in grain yield among the
treatments (P=.006). This variation is reflected in the means, with the highest yield observed in the SSB
treatment at 1101 kg ha™, followed by BSC at 480 kg ha™, and the lowest yield in BSE at 317 kg ha™t
(Figure 6).
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Fig. 6. Effect of the interaction between treatment and varieties to the yield of millet

The analysis of results based on different treatments indicated that the SSB treatment exhibited greater
efficiency compared to the other two treatments. Irrespective of the millet varieties, the yield under SSB was
consistently two to three times higher than that observed under BSC and BSE (Figure 6).

The various treatments applied to seedlings exhibited a significant difference in grain yield, with SSB
treatments yielding more than the BSC and BSE ball treatments. This disparity in yield may be attributed to
potential drawbacks in seed ball technology, particularly concerning the quality of the sand, which might
contain eggs or larvae of microorganisms that could adversely affect seedlings once placed in the seed
holes. Additionally, the type of clay used may be compact, rendering it impermeable to water and hindering
ball germination [24].

Furthermore, a higher number of seed holes were lifted and harvested in the SSB treatment compared to
the other two treatments. The percentage loss in SSB (48%) was lower than the percentage losses (55%
and 78%) for the BSC and BSE treatments, respectively. These losses can be explained by the
compositions of the BSC and BSE treatments. In the BSC treatment, the presence of ash has a negative
impact on the chemical and biological balance of the soil, leading to increased soil pH and limiting nutrient
absorption for plants [25]. Regarding BSE, the presence of fertilizers might contribute to modifications in soil
properties [26] and increase in crop yield, but the quantity present in the ball is likely insufficient to have a
significant effect, especially in the case of our study where the soils are highly impoverished.

4. CONCLUSION

The present study confirms the deficiency of micronutrients in Sahelian soils and underscores their
contributory role in diminishing crop yields. Addressing this challenge necessitates a combination of soil
fertilization and plant breeding strategies. While enhancing soil fertility through conventional fertilization is a
widely acknowledged approach, the development and promotion of crop varieties with lower dependence
on fertilizers present an alternative avenue for sustainable agriculture.

This study sheds light on the nuanced effectiveness of seed balls as a sowing technology. While previous
research has indicated positive effects in favorable conditions, our findings emphasize the context-
dependent nature of this technology. Specifically, in situations of limited rainfall, conventional millet sowing
methods outperform the use of seed balls. This discovery underscores the importance of considering
environmental conditions when evaluating the efficacy of novel agricultural technologies.

In light of these findings, future breeding programs should incorporate an understanding of the diverse soil
fertility states prevalent in the Sahel region before extending the developed varieties to real farming



conditions. By accounting for these variations, breeders can ensure the successful adaptation and
performance of crop varieties in the dynamic and challenging agroecological context of the Sahel.
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