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Residual Effect of Laying Hen Manure on Pearl Millet Production in the Sudano-Sahelian Zone of Burkina Faso 
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ABSTRACT

	Aims: The present study aims to evaluate the residual effect of laying hen manure (LHM) on the growth, development, and yield of pearl millet, in order to better understand its role in promoting sustainable production systems.
Study design:  A field experiment was conducted using a Fisher’s randomized block design, consisting of five (05) treatments, each replicated three (03) times.
Place and Duration of Study: The experiment was carried out at the experimental station of the Rural Development Institute in Gampela, Burkina Faso during the rainy season of the 2022/2023 (June at November 2023) cropping year.
Methodology: During the 2022/2023 cropping season, the experimental plots of 17 m² corresponding to the different residual treatments T0 (control), T1 (100 kg ha⁻¹ NPK + 50 kg ha⁻¹ urea), T2 (2.5 t ha⁻¹ LHM), T3 (5 t ha⁻¹ LHM), and T4 (7.5 t ha⁻¹ LHM) were ploughed, followed by millet sowing. The treatments had been applied during the 2021/2022 cropping season; no fertilizer was applied during the 2022/2023 season. Growth parameters, yield components, and yields were measured and analyzed.
Results: The results showed that the residual effects of LHM significantly enhanced plant height, collar diameter, tiller number, fertile tillers, panicle length and diameter, as well as grain and straw yields. Moreover, LHM application significantly reduced the days to flowering initiation and to 50% flowering. In contrast, the residual effect of mineral fertilization (NPK + urea) did not significantly influence these parameters. Among the treatments, LHM at 5 and 7.5 t ha⁻¹ produced the highest grain yields, reaching 3290.71 and 3528.63 kg ha⁻¹, respectively.
Conclusion: These findings suggest that the strategic use of LHM, even at alternating intervals, represents an effective approach to optimize pearl millet yield while improving soil fertility in low-input agricultural systems.
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1. INTRODUCTION

In Burkina Faso, pearl millet (Pennisetum glaucum [L.] R. Br.) occupies a central position in both production systems and the diet of local populations, particularly in the Sudano-Sahelian zone. It ranks as the third most important cereal in terms of production, with approximately 718,000 tons harvested from 1.2 million hectares (FAOSTAT, 2023), and, together with sorghum, constitutes one of the most widely consumed staple crops (DGPER, 2010; MAAH, 2020; INSD, 2021; FAO, 2022). Beyond its role in human nutrition, millet is also valued for its aboveground biomass, which is used as livestock feed and for various artisanal purposes (Moussa et al., 2017). Its high nutritional value, particularly in terms of proteins, minerals, and vitamins, further underscores its importance in combating malnutrition (Latham, 2001; Amadou et al., 2013).
Despite its significance, millet production remains constrained by several factors, notably the progressive decline in soil fertility. Extensive farming practices, coupled with increasing demographic pressure, have led to the depletion of soil organic matter and essential nutrients, resulting in low yields estimated at around 860 kg ha⁻¹ (Da et al., 2008; Traoré & Requier-Desjardins, 2019; MAAH, 2019). To enhance productivity, farmers commonly rely on mineral fertilizers such as NPK and urea. However, their use remains limited due to high costs, poor accessibility, and frequent supply shortages during the cropping season (Sanfo, 2010; Bagayoko et al., 2011; Bambara, 2017). Moreover, the excessive use of chemical fertilizers may have detrimental environmental consequences, including soil degradation and water pollution (Bossy, 2014; Adouane et al., 2023).
In this context, organic fertilizers represent a sustainable alternative for improving soil fertility and increasing agricultural productivity. Among these, poultry manure is of particular interest due to its high content of essential nutrients, especially nitrogen and phosphorus (IF20, 2006; Siboukeur, 2013; Gomgnimbou et al., 2016). In Burkina Faso, the recent expansion of the poultry sector has led to a substantial increase in manure production, particularly from laying hens (Ouedraogo et al., 2015; Kiba et al., 2020). This manure is recognized for its high nutrient content, averaging about 40 kg t⁻¹ of nitrogen and phosphorus and 25 kg t⁻¹ of potassium, making it a valuable organic amendment (ITAVI, 2011).
Several studies have highlighted the positive effects of poultry manure on soil properties and crop productivity (Agbede et al., 2008; Gomgnimbou et al., 2016; Bambara, 2017; Soremi et al., 2017). However, these studies have primarily focused on the immediate effects of such amendments. In low-input agricultural systems, the residual effect of organic amendments that is, their impact beyond the year of application represents a critical lever for sustaining soil fertility and reducing production costs. Despite its importance, limited research has been conducted on the residual effects of laying hen manure, particularly on millet under the agroecological conditions of Burkina Faso. Therefore, the present study aims to evaluate the residual effect of laying hen manure (LHM) on the growth, development, and yield of pearl millet, in order to better understand its role in promoting sustainable production systems.
2. material and methods 

2.1 Study site
The study was conducted during the 2022/2023 rainy season at the experimental station of the Institut du Développement Rural (IDR) in Gampèla, within the rural commune of Saaba (Central Region, Burkina Faso), located at 12°15′ N and 1°12′ W.
The soils, classified as endogleyic acrisols, have a sandy-silty texture in the topsoil and a clay-silty texture in the subsoil. They are generally poor in mineral nutrients and organic matter and are slightly acidic (WRB, 2015; BUNASOL, 2019).
The climate is Sudano-Sahelian, characterized by a rainy season from June to October and a dry season from November to May. Annual rainfall ranges between 600 and 800 mm (Fick et Hijmans, 2017). During the 2022 experiment, total rainfall reached 913 mm, and mean temperatures ranged from 24.6 °C to 33.19 °C, with a thermal amplitude of 8.59 °C (Fig. 1). 



Fig. 1. Ombrothermic diagram for the year 2022

2.2 Plant material
The plant material used was the hybrid pearl millet variety “Nafagnon”, provided by the National Institute for Environment and Agricultural Research (INERA) in Kamboinsé, Burkina Faso. The choice of this variety was justified by: (i) its high potential yield of 4 t/ha, which is significantly higher than that of traditional varieties; (ii) its earliness, with a growth cycle of 80–85 days; (iii) its resistance to downy mildew, with an incidence below 10%; and (iv) its tolerance to ergot and smut (CGIAR, 2021).

2.3. Physicochemical characteristics of the soil of the experimental plot from the previous year
The soil of the experimental plot from the previous year was characterized by a sandy texture (80.39% sand, 9.81% silt, and 9.8% clay), a high organic matter content (5.63%), and a high total carbon content (3.26%). In addition, the C/N ratio (11) and the base saturation (64%) were high, indicating good mineralization of soil organic matter (Table 1). Chemical analyses showed that the soil was moderately acidic (pH = 5.39) and poor in calcium (4.67%), potassium (32.96 ppm), nitrogen (0.29%), phosphorus (4.89 ppm), sodium (948.66 mg/kg), total exchangeable bases (5.28 meq), and cation exchange capacity (8.25 meq) (Table 1).




Table 1. Last year chemical characteristic of the experiment soil 
	Parameters
	Value 

	Soil texture
	Sandy

	Clay (%)
	9.80

	Silt (%)
	9.81

	Sand (%)
	80.39

	Total organic matter (%)
	5.63

	Total carbon (%)
	3.26

	Total nitrogen (%)
	0.29

	C/N ratio
	11.00

	Available phosphorus (ppm)
	4.89

	Available potassium (ppm)
	32.96

	Total magnesium (g/kg)
	2.74

	Total calcium (g/kg)
	4.67

	Total sodium (mg/kg)
	948.66

	Ca²⁺ (meq)
	2.50

	Mg²⁺ (meq)
	1.86

	K⁺ (meq)
	0.64

	Na⁺ (meq)
	0.28

	Sum of exchangeable bases (meq)
	5.28

	Cation exchange capacity (meq)
	8.25

	Base saturation rate (%)
	64.00

	pH
	



2.4. Physicochemical properties of laying hen manure apply last year
The laying hen manure used during the 2021/2022 winter season, preceding the study period (2022/2023), exhibited a slightly alkaline pH of 8.02. It was characterized by a high organic matter content (63.84%), with a carbon content of 37.03% and a C/N ratio of 9, indicating a high mineralization potential and relatively rapid decomposition (Table 2).
Nutritionally, the manure contained high concentrations of major nutrients, including total nitrogen (3.96%), available phosphorus (18.85 g.kg⁻¹), and available potassium (12.89 g·kg⁻¹). It was also rich in calcium (39.76 g.kg⁻¹) and magnesium (9.79 g.kg⁻¹), with a notable sodium content of 186.47 ppm (Table 2).
Table 2. Chemical properties of laying hen manure apply last year.

	Parameter
	Unit
	Value

	Total organic matter 
	%
	63.84

	Total carbon 
	%
	37.03

	C/N ratio
	-
	9

	Total nitrogen 
	%
	3.96

	Available phosphorus
	 g·kg⁻¹
	18.85

	Available potassium
	 g·kg⁻¹
	12.89

	Total calcium 
	g/kg
	39.76

	Total magnesium 
	g/kg
	9.79

	Total sodium 
	ppm
	186.47

	pH (H₂O)
	-
	8.02



2.5. Experimental design
[bookmark: _Hlk225949271]The experimental design used was a Fisher’s randomized block design, consisting of five (05) treatments, each replicated three (03) times. The treatments were as follows: T0 = control; T1 = 100 kg/ha NPK + 50 kg/ha urea; T2 = 2.5 t/ha laying hen manure; T3 = 5 t/ha layer hen manure; T4 = 7.5 t/ha layer hen manure. Each experimental plot had an area of 17 m² and represented one treatment, resulting in a total of 15 plots (5 treatments × 3 replications). The different treatments were applied during the 2021/2022 winter season. However, no fertilizer was applied to the experimental plots during the 2022/2023 winter season. The plots were separated by a distance of 2 meters from each other.

2.6. Trial management
During the 2022/2023 winter season, experimental plots corresponding to treatments T0–T4 from the previous season (2021/2022) were ploughed. Following ploughing, drainage channels were established between plots to prevent cross-contamination among treatments, particularly through surface water runoff. No fertilizer was applied to the plots of treatments T0 to T4. Sowing was carried out the day after ploughing, with a spacing of 80 cm between rows and 40 cm between hills. Weeding was carried out at 14 days after sowing (DAS), followed by thinning to two plants per hill. Earthing-up was conducted at 35 DAS to reduce lodging risk. Harvesting was performed at 95 DAS.
2.7. Data collection
[bookmark: _Hlk229055084]Growth parameters were recorded at the flowering stage, including plant height (measuring tape), collar diameter (vernier caliper), and the number of tillers and flowering tillers (counting). At flowering, the number of days to 50% flowering and the number of days to flowering onset was determined by counting. At maturity, panicle length and diameter were measured using a measuring tape and a vernier caliper, respectively. After harvesting, drying, and weighing the grains and straw, grain yield, straw yield, and harvest index were calculated as follows:



2.8. Data analysis
Microsoft Excel (version 2016) was used for data processing and graph generation. In addition, XLSTAT (version 2016) was employed to perform a one-way analysis of variance (ANOVA) in order to assess the effects of the different fertilizer treatments on the measured parameters. When the ANOVA indicated significant differences among treatments, a Newman–Keuls multiple comparison test at the 5% significance level was applied to separate the treatment means.  

3. results and discussion

3.1 Results

3.1.1 Residual effect of laying hen manure on the growth parameters
Plant height in the treatments T2 (2.5 t/ha), T3 (5 t/ha), and T4 (7.5 t/ha) of laying hen manure was significantly higher than in the control, with increases of 42 cm, 59.34 cm, and 74.67 cm, respectively (Table 3). The tallest plants were observed under T3 and T4, reaching 223.67 cm and 239 cm, respectively. ANOVA results indicated a significant effect of treatments on plant height (P = .000).
Similarly, T2, T3, and T4 laying hen manure significantly increased collar diameter compared to the control (Table 3). The largest collar diameters were recorded under T3 (21.06 mm) and T4 (20.39 mm), with statistical analysis confirming significant differences between treatments (P = .000).
The number of tillers was also significantly higher under T3 and T4, exceeding the control by 3.67 and 3.33 tillers, respectively. The highest tiller numbers were observed under T3 and T4, reaching 5.67 and 5.33 tillers, respectively (Table 3). ANOVA revealed a significant effect of treatments on tiller production (P = .000).
Finally, T3 and T4 significantly increased the number of flowering tillers compared to the control, with the highest values observed under these treatments, 3.33 and 4.33 flowering tillers, respectively (Table 3). Statistical analysis confirmed a significant effect of treatments on the number of flowering tillers (P = .000).

Table 3. Residual effect of fertilizers on growth parameters.
	Treatment
	Plant height (cm)
	Diameter of collet (mm)
	Number of tillers
	Number of tillers flowering per plant

	T0
	164.33 ± 10.21b
	13.43 ± 0.77c
	2.00 ± 0b
	1.33 ± 0.57c

	T1
	151.33 ± 28.11b
	14.81 ± 1.15c
	2.00 ± 0b
	1.67 ± 0.57c

	T2
	206.33 ± 7.09a
	17.88 ± 0.78b
	2.67 ± 0.57b
	2.33 ± 0.57bc

	T3
	223.67 ± 4.04a
	21.06 ± 0.95a
	5.67 ± 0.57a
	3.33 ± 0.57ab

	T4
	239.00 ± 18.24a
	20.39 ± 1.72a
	5.33 ± 1.15a
	4.33 ± 1.15a

	P-value
	.000
	.000
	.000
	.003


[bookmark: _Hlk228526195]Legend: LHM = laying hen manure, T0 = control, T1 = 150 kg NPK + 50 kg urea, T2 = 2.5 t/ha of LHM, T3 = 5 t/ha of LHM, T4 = 7.5 t/ha of LHM, means followed by the same letter are not significantly different at the 5% significance level according to the Newman–Keuls test.

3.1.2 Residual effect of laying hen manure on the cycle parameters
The number of days to flowering onset of plants under treatments T2, T3, and T4 was significantly shorter compared to the control plants (T0) (Fig. 2). The earliest number of days to flowering onset was recorded under T2, T3, and T4, with 50.66, 49.66, and 49 days, respectively (Fig. 2). Statistical analysis revealed a significant difference among treatments for this parameter (P = .006).
Similarly, the time to reach 50% flowering was significantly reduced in plants receiving T2, T3, and T4 compared to the control (T0) (Fig. 2). The earliest 50% flowering was observed under T4, at 55 days. ANOVA results confirmed a significant effect of treatments on the 50% flowering period (P = .000).


Fig. 2. Residual effect of fertilizers on cycle parameters.
Legend: Error bars followed by the same letter are not significantly different at the 5% significance level according to the Newman–Keuls test.

3.1.3 Pearson correlation matrix

Plant height was significantly correlated with stem collar diameter (r = 0.787) and tiller number (r = 0.808). However, it was significantly and negatively correlated with the number of days to 50% flowering (r = -0.834). Grain yield was significantly and positively correlated with the number of flowering tillers (r = 0.818), panicle length (r = 0.868), and panicle diameter (r = 0.980). In contrast, it was significantly and negatively correlated with the number of days to 50% flowering (r = -0.862) (Table 4). 

Table 4. Correlation matrix between the different parameters

	Parameters
	PH
	SCD
	TN
	NTF
	NDFO
	ND50%F
	PL
	PD
	GY
	SY
	HI

	PH
	1
	0.797
	0.808
	0.832
	-0.637
	-0.834
	0.763
	0.796
	0.834
	0.811
	0.440

	SCD
	
	1
	0.895
	0.799
	-0.813
	-0.837
	0.841
	0.908
	0.901
	0.836
	0.595

	TN
	
	
	1
	0.847
	-0.694
	-0.770
	0.787
	0.918
	0.895
	0.830
	0.498

	NTF
	
	
	
	1
	-0.693
	-0.825
	0.772
	0.842
	0.818
	0.738
	0.532

	NDFO
	
	
	
	
	1
	0.701
	-0.841
	-0.771
	-0.796
	-0.766
	-0.424

	ND50%F
	
	
	
	
	
	1
	-0.847
	-0.837
	-0.862
	-0.859
	-0.414

	PL
	
	
	
	
	
	
	1
	0.867
	0.868
	0.827
	0.512

	PD
	
	
	
	
	
	
	
	1
	0.980
	0.899
	0.671

	GY
	
	
	
	
	
	
	
	
	1
	0.962
	0.569

	SY
	
	
	
	
	
	
	
	
	
	1
	0.344

	HI
	
	
	
	
	
	
	
	
	
	
	1


Legend: PH = plant height, SCD = steam diameter collar, TN = tiller number, NDFO = number of days to flowering onset ND50%F = number of days to 50% flowering, PL = panicle length, PD = panicle diameter, GY = grains yield, SY = straw yield, HI = harvest index.

[bookmark: _Hlk228526100]3.1.4 Residual effect of laying hen manure on the yield parameters
The panicle length of plants under treatments T2, T3, and T4 of laying hen manure was significantly greater than that of the control treatment T0 (Table 5). The longest panicle was observed under treatments T3 and T4, measuring 32.33 cm and 35.33 cm, respectively (Table 5). ANOVA revealed a significant effect of treatments on panicle length (P = .006).
Similarly, the panicle diameter was larger under treatments T3 and T4, with increases of 7.09 mm and 7.84 mm, respectively, compared to the control T0 (Table 5). The largest panicles were recorded under T3 and T4, measuring 30.42 mm and 31.17 mm, respectively. Statistical analysis confirmed a significant effect of treatments on panicle diameter (P = .000).
In parallel with the increase in panicle length, grain yield was significantly improved under treatments T2, T3, and T4 compared to the control T0 (Table 5). In particular, the highest grain yields were recorded under T3 and T4, reaching 3290.17 kg/ha and 3528.63 kg/ha, respectively. ANOVA confirmed a significant effect of treatments on grain yield (P = .000).
Regarding straw yield, treatments T3 and T4 also produced higher values than the control (Table 5), with the maximum straw yields observed under T3 and T4, reaching 5123.11 kg/ha and 5613.62 kg/ha, respectively. ANOVA indicated a significant effect of treatments on straw yield (P = .000).
In contrast to other yield parameters, the harvest index remained generally similar across all treatments. However, treatments T1 to T4 showed a slightly higher harvest index above 0.5, except for the control T0 (Table 5). ANOVA revealed no significant effect of treatments on the harvest index (P = .13). 







Table 5. Residual effect of fertilizers on the yield parameters
	Treatment
	Length of panicle (Cm)
	Diameter of panicle (mm)
	Grains yield (Kg/ha)
	Straw yield (Kg/ha)
	Harvest index

	T0
	24.33 ± 1.53c
	23.33 ± 2.03b
	644.43 ± 93.24c
	1613.87 ± 128.4bb
	0.40 ± 0.04a

	T1
	26.67 ± 1.15c
	23.84 ± 1.46b
	892.44 ± 273.48c
	1746.53 ± 240.38b
	0.53 ± 0.21a

	T2
	31.00 ± 1.73b
	25.66 ± 1.25b
	1718.20 ± 191.86b
	2725.32 ± 303.31b
	0.64 ± 0.14a

	T3
	32.33 ± 2.31ab
	30.42 ± 0.36a
	3290.71 ± 108.60a
	5123.11 ± 804.27a
	0.65 ± 0.09a

	T4
	35.33 ± 1.53a
	31.17 ± 0.82a
	3528.63 ± 290.32a
	5613.62 ± 928.40a
	0.64 ± 0.07a

	P-value
	.006
	.000
	.000
	.000
	.13


Legend: LHM = laying hen manure, T0 = control, T1 = 150 kg NPK + 50 kg urea, T2 = 2.5 t/ha of LHM, T3 = 5 t/ha of LHM, T4 = 7.5 t/ha of LHM, means followed by the same letter are not significantly different at the 5% significance level according to the Newman–Keuls test.
























3.2. Discussion
The results obtained highlight a significant residual effect of fertilization one year after the application of laying hen manure (LHM), with its intensity varying according to the growth parameters considered and the applied doses. In particular, the application rates of 5 and 7.5 t ha⁻¹ of LHM induced a marked improvement in plant height and collar diameter of pearl millet, reflecting enhanced vegetative vigor. This residual effect can be attributed to the mineralization dynamics of the organic matter contained in laying hen manure, which ensures a gradual release of nutrients, particularly nitrogen and phosphorus. According to Gachon (1968), Stevenson (1986), and Harper (1994), nitrogen and phosphorus are key nutrients that promote plant growth. Unlike mineral fertilizers, which provide rapid but short-lived nutrient availability, organic amendments such as poultry manure ensure a prolonged nutrient supply that is better synchronized with plant physiological requirements. This delayed nutrient release explains the persistence of the fertilizing effect beyond the year of application. Furthermore, the observed improvement in growth parameters may also result from indirect effects on soil properties, including increased organic matter content, improved soil structure, enhanced water retention capacity, and stimulated microbial activity. These changes create a more favorable rhizospheric environment for nutrient uptake and root development, thereby promoting aboveground growth of pearl millet. These findings are consistent with recent studies reporting positive residual effects of organic fertilizers on crop growth and yield, such as quinoa (Chenopodium quinoa) under organic fertilization (Taaime et al., 2024) and maize under compost application (Da, 2010). The findings of Dhaliwal et al. (2023) showed that the residual effect of a 6 t ha⁻¹ poultry manure application increased wheat height by approximately 41%, which is lower than the value obtained in the present study, where a 45% increase in pearl millet plant height was recorded under the application of 7.5 t ha⁻¹ of laying hen manure. This difference may be partly explained by the higher manure application rate used in our study compared to that of Dhaliwal et al. (2023). Furthermore, it may also be attributed to the nitrogen content of the manure used, estimated at 3.96%, which is considerably higher than the 1.2% reported by Dhaliwal et al. (2023), thereby promoting greater vegetative growth in plants.
Similarly, to plant height and stem diameter, tillering and tiller flowering were significantly increased under the residual effect of 5 and 7.5 t ha⁻¹ LHM treatments. When supplied in sufficient amounts, nitrogen and phosphorus stimulate tillering (Vidal, 1963; Gros, 1979; Dutordoir, 2006; Rahman et al., 2013) as well as tiller flowering (Diouf, 1990; Adam, 2000). Thus, pearl millet plants likely benefited from the residual availability of these nutrients released from the previous year’s manure application. Similar results have been reported in wheat under the residual effect of compost and poultry manure (Dhaliwal et al., 2023). Liza et al. (2014) reported a 62% increase in tiller number under the residual effect of a 5 t ha⁻¹ poultry manure application, a value lower than that observed in the present study, where an increase of 84% was recorded at the same application rate. This discrepancy may be attributed to the higher nutrient content of the laying hen manure used in our study, particularly in nitrogen (3.96%) and phosphorus (1.88%), compared to that reported by Liza et al. (2014), which contained 1.18% nitrogen and 1.13% phosphorus, respectively. These nutrients are well known to strongly stimulate plant tillering. 

The onset of flowering and 50% flowering were significantly earlier under the residual effect of LHM applied at 2.5, 5, and 7.5 t ha⁻¹, with a stronger response observed at 5 and 7.5 t ha⁻¹, which induced the earliest flowering. This earliness may be attributed to improved phosphorus nutrition, as phosphorus is known to accelerate flowering processes (Adam, 2000; Kati, 2012). Indeed, the previous application of LHM likely allowed for gradual mineralization and phosphorus release into the soil, making it available for pearl millet during the following season and promoting an increase in the number of fertile tillers. Our results are consistent with those of Dhaliwal et al. (2023), who also reported an increase in the number of flowering tillers in wheat under the residual effect of a 6 t ha⁻¹ poultry manure application. However, the magnitude of this increase (10.41%) remains markedly lower than that observed in the present study (150%) under a 5 t ha⁻¹ application of laying hen manure. This difference may be explained, on the one hand, by the relatively lower nutrient requirements of pearl millet compared to wheat, and, on the other hand, by the higher phosphorus content of the laying hen manure used in our study (1.88%) compared to that reported by Dhaliwal et al. (2023) (1.13%). Given the well-established role of phosphorus in promoting flowering, this difference in nutrient content may have contributed to the more pronounced response observed in our study.
Pearl millet yield components were significantly enhanced by the residual effect of laying hen manure. Grain and straw yields were markedly increased under the 5 and 7.5 t ha⁻¹ treatments. This improvement can be explained, on the one hand, by the gradual release of essential nutrients such as nitrogen and phosphorus from the mineralization of organic matter applied in the previous year, which supports vegetative growth, reproductive development, and ultimately yield formation (Dhaliwal et al., 2023; Mak-Mensah et al., 2021). On the other hand, LHM likely improved soil structure by increasing porosity, water-holding capacity, and nutrient retention. These physico-chemical improvements enhanced plant growth and yield components by improving nutrient availability throughout the crop cycle (Dhaliwal et al., 2023; Zhao et al., 2022). The organic matter added through LHM also contributes to long-term soil fertility maintenance.
These findings are consistent with previous studies on other crops. For example, residual vermicompost application at 4.5 t ha⁻¹ produced the highest sorghum yield (Ebbisa et al., 2025). Similarly, the residual effect of farmyard manure combined with 75% NPK significantly increased wheat grain yield by enhancing N, P, and K uptake (Dhaliwal et al., 2023). Comparable results have been reported in quinoa, where residual organic amendments improved growth and yield over multiple seasons (Taaime et al., 2024), as well as in rice and wheat systems where residual organic wastes increased grain and straw yields (Rautaray et al., 2003; López-Piñeiro et al., 2007). A similar trend was observed in maize, where poultry manure and compost produced the highest yields two years after application (Widowati et al., 2020). Likewise, wheat yield increases due to residual poultry manure effects have been reported for more than three years (Bodruzzaman et al., 2002). Nahar et al. (1995) and Demelash et al. (2014) also reported wheat yield increases due to residual compost effects, while Gomgnimbou et al. (2019) observed enhanced maize grain and straw yield under residual poultry manure application.
In contrast to laying hen manure, the residual effect of mineral fertilization (NPK + urea) did not significantly influence pearl millet growth parameters, flowering cycle, or yield. This may be explained by the nature and behavior of mineral nutrients in the soil. Although mineral fertilizers provide rapid nutrient availability, they are often subject to leaching, volatilization, or rapid immobilization, which limits their persistence and availability for subsequent cropping seasons (Brady & Weil, 2016). Unlike organic amendments, mineral fertilizers do not contribute organic matter capable of sustaining long-term soil fertility or stimulating microbial activity. Consequently, the beneficial effects observed with LHM such as improved vegetative growth, increased tillering, earlier flowering, and higher grain and straw yields are not expressed under purely mineral fertilization once the application season has passed. Moreover, the absence of residual effects may also be linked to the high mobility of ureaderived nitrogen and mineral phosphorus, which can be rapidly lost through leaching, volatilization, or chemical fixation (Celik et al., 2004; Seliger & McElroy, 2001). Therefore, mineral fertilization mainly provides an immediate effect for the current season but does not contribute sustainably to subsequent crop cycles, unlike organic amendments such as LHM.
Overall, the findings of this study highlight the importance of organic fertilization not only for immediate crop performance but also for sustaining soil fertility and productivity over time. The residual effect of laying hen manure at 5 and 7.5 t ha⁻¹ represents a sustainable strategy for improving pearl millet yield while enhancing long-term soil health and agricultural productivity.


4. Conclusion

This study aimed to evaluate the residual effect of laying hen manure (LHM) on the growth, development, and yield of pearl millet (Pennisetum glaucum L.) in order to better assess its role in the sustainability of production systems. The results revealed that the application of LHM at 5 and 7.5 t ha⁻¹ exerts a significant residual effect, leading to sustained improvements in growth parameters as well as grain and straw yields. Unlike mineral fertilizers, whose effects are short-lived, LHM promotes prolonged soil fertility and enhanced crop productivity. These findings suggest that the strategic use of LHM, even at alternating intervals, represents an effective approach to optimize pearl millet yield while improving soil fertility in low-input agricultural systems.

Definitions, Acronyms, Abbreviations
 LHM: laying hen manure
ANOVA: analysis of variance
INERA: national Institute for Environment and Agricultural Research
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