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Introduction 

Population growth in many tropical regions has led to the 

overexploitation of land and the shortening of fallow periods, 

with the corollary of too little restitution of nutrients exported 

by the crops. This results in the degradation and decline of 

production potential, especially in tropical fertile soils that are 

confronted with increased anthropogenic pressure and 

farming systems that are highly destructive to the natural 

heritage (Igué et al., 2013; Maliki et al., 2017). 

Overgrazing, deforestation, extension of cultivation to 

fragile soils and degradation of cultivated land are 

particularly accentuated by demographic pressure (Pyame, 

2015; Roose, 2018; Ntamwira, 2021), resulting in drastically 

reduced agricultural income, human undernourishment, 

malnutrition and chronic rural poverty. 

Maize (Zea mays) is a food crop, a cereal grown all over 

the world, mainly for its grains. In some regions, it is an 

incomparable source of carbohydrates, one of the essential 

nutrients required to maintain a living organism. It is 

considered to be the most widely grown cereal in the world 

(Pierre, 2016; Joanis, 2018) and, together with rice, forms the 

two most widely consumed cereals (PSRSA, 2011). 

Despite the considerable importance of this crop and its 

increasing demand, maize productivity is still low. Thus, 

some producers continue to have yields of less than 0.5 t/ha, 

compared to potential yields of 3 to 5 t/ha, or even 10 t/ha, 

depending on whether or not they use mineral fertilisers 

(Azontondé et al, 2010). In addition to climatic hazards and 

pests, low maize productivity is largely due to declining soil 

fertility (Azontondé et al, 2009; Maliki et al, 2017). Indeed, 

90% of the world's cultivated land shows degradation leading 

to a decline in productivity. This is due to the abandonment of 

the traditional mode of fertility restoration based on long 

fallows of 15 years for very short fallows of 2 to 5 years 

(Gaiser et al, 2011; Maliki et al, 2017). 

Today, agroforestry is increasingly recommended as a 

strategy for sustainable management of agrosystems, 

especially in tropical areas threatened by uncontrolled 

deforestation. The concept of agroforestry is essentially based 

on the ability of woody soil improvers to restore soil fertility 

more rapidly through the removal of nutrients from the lower 

soil layers and their restitution through litter, but also through 

nitrogen fixation, in the case of the use of woody legumes 

(Torquebiau, 2007; Atangana et al, 2014; Yusufu, 2020).  

However, several aspects of this important approach 

seem to have been overlooked and deserve more attention. 

These include the search for the optimal time for agroforestry 

systems to restore soil fertility, the recognition of the major 

role of organic matter on fertility and crop yields. Research is 

therefore needed to elucidate the main factors in the adoption 

of agroforestry by farmers in the tropics. 

The problem underlying this research is the low and 

uncertain productivity of the slash-and-burn system, which 

maintains unproductive forest/mixed fallows that are
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ABSTRACT 

Faced with soil impoverishment due to the population explosion, a study was undertaken 

on maize cultivation at kilometer point 12 in the hinterlands of the city of Kisangani. The 

objective was to test, on degraded soil, the effect of a small amount of pig manure, 

integrated with the compost of hedge trimmings from the green carpet and enriched with 

increasing microdoses of NPK, on the growth and yield of maize grown in the Plates 

under Green Carpet (ATV) system. The experimental design was a split-plot, with the 

first factor being the production systems (ATV and CIB) and the second, the fertilisers. 

The results showed that organo-mineral fertilisation under ATV influenced the duration 

of the vegetative and reproductive phases in addition to yield. The organo-mineral 

fertilisers under ATV with composts resulted in a yield that was 1.2 times higher than 

that obtained with the control and the CIB. Also, the organo-mineral manures under ATV 

tended to shorten the crop cycle and promote better plant growth and development. The 

use of these fertilizers in maize cultivation could constitute an alternative to the drastic 

consequences of soil degradation. 
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unsuitable for agricultural mechanisation, agricultural-

livestock integration and climate-smart agroecological 

management. The solution would be to set up agroforestry 

fallows with a high potential for producing a diversified and 

richly valued biomass (Pyame et al., 2021a, b, c). In order to 

establish a clear focus for the research, a research question is 

formulated below, followed by the related hypothesis and 

objective. 

Given the crowding of herbaceous hedgerows in the 

ATV system and especially the shading of tall trees in dense 

plantations, will the effect on maize yield of composting 

agroforestry prunings under NPK input be comparable to that 

obtained under IPC? 

Under conditions of low organo-mineral input, maize 

cultivation between Pennisetum purpureum and Acacia 

auriculoformis hedges (ATV system), pruned severely and 

composted by half, leads to a grain yield at least comparable 

to that under CIB. 

The objective of this research is to test, on degraded 

soils, the effect of a small amount of pig manure, integrated 

with the compost of hedge prunings from the green carpet and 

enriched with increasing microdoses of NPK, on the growth 

and yield of maize grown in the ATV system. 

Materials and Methods 

Our research is carried out in the Democratic Republic of 

Congo, in the Province of Tshopo, the city of Kisangani, the 

annexed sector of Lubuya Bera, at kilometre point 12 on the 

Banalia road, more precisely in the Agro-sylvo-Pastoral 

Pyame concession. 

With a latitude of 0° 11' North, a longitude of 25° East 

and an altitude of 390 to 410 m with an average of 400 m, the 

city of Kisangani is located in the central basin straddling the 

Congo River. Its relief is a series of plateaus interspersed with 

river beds and streams (Pyame, 2015) (Figure 1) 

During our investigation, three types of materials were 

used, namely: biological materials, technical materials and 

fertilisers. They are detailed through the different points 

aligned in the conduct of the trial. Before that, we present the 

experimental set-up while specifying the different related 

treatments. 

The experimental period extends from 15 January to 15 

December 2022, i.e. one year (12 months). Note that the 

afforestation was established 36 months earlier, in December 

2018. The grass hedges installed at the same time were 

reinforced by 50% at the beginning of the experiment. 

Experimental set-up 

The set-up has been in place since May 2022 with the 

objective of studying the effects of increasing doses of NPK 

and hedge prunings compost on the growth and yield of 

maize under a Pennisetum purpureum and Acacia 

auriculoformis green cover. This system includes two 

cropping systems: Slash-and-burn and the innovative system 

called "Plate cultivation under green carpet" (ATV).  

After clearing the land with a machete, careful stumping 

and hoeing followed immediately. A composite sample of the 

experimental soil was taken beforehand, considering 2 strata, 

namely from 0 to 15 cm and from 15 to 30 cm. This allowed 

us to characterise the initial state of the soil fertility in order 

to assess its evolution over time, the same device being used 

for the subsequent tests related to the doctoral phase of the 

study. 

The trial includes the following treatments: ATV- T0; 

ATV- T1; ATV- T2; CIB- T0; CIB- T1 and CIB- T2. 

The experimental set-up is split-plot, the blocks being 

arranged perpendicular to the general slope of the land, and 

each comprising 6 plots of 25 m
2
 representing the treatments, 

3 of which are on the first half of the land bearing the Plates 

under Green Carpet (ATV) cropping system and the other 3 

on the other half bearing the CIB cropping system;  

The treatments were defined according to two factors: (1) 

the main factor: the production systems (ATV and CIB) and 

(2) the secondary factors: organic fertilisation (manure and 

compost) and mineral fertilisation (NPK 17-17- 17). 

The experiment was carried out on a total area of 1044 

m
2
 or 0.1044 ha, i.e. 29 meters wide and 36 meters long 

(Figure 2). 

Conducting the trial 

Preparation of the experimental field 

The Acacia auriculoformis afforestation of the 

experimental set-up has been installed since December 2018.  

After clearing the land with a machete, followed by 

stump removal and ploughing with a hoe, the Pennisetum 

purpureum hedges were replanted to about 50%. Intercalated 

in bands of 4 dense hedges (0.5 m apart in the line) at 1.5 m 

intervals, they alternated with twin lines of Acacia 

auriculoformis, 1 m apart and planted at 4 m intervals in the 

line. There were thus three 1.5 m strips of land, divided every 

5 m and intended to receive the crops (crop beds). 

Sowing 

Sowing took place on 12 May 2022, and the yellow-

orange SAMARU variety, selected at INERA-Yangambi, was 

used, although it was bought in ears on the Kisangani market. 

After dehulling and severe sorting, sowing was done 

manually, with a hoe, following an alignment with nylon 

ropes. Two rows of maize, 0.7 m apart and centred on the 

alley, were interspersed with Pennisetum purpureum hedges 

held at a distance of 0.4 m on either side. Sowing was carried 

out at 4 grains per stake, every 0.5 m in the row, in a 

staggered pattern, with a two-plant removal planned at 

emergence.  

Pruning of herbaceous and tree hedges 

After reseeding, pruning of the herbaceous and tree 

hedges was carried out 15 days after sowing. After trimming 

the Pennisetum purpureum hedges to 10 cm from the crown, 

half of the biomass was removed from the field for 

composting and the other half was cut into 30-40 cm pieces 

and spread as mulch between the maize lines. The trees were 

severely pruned to 3-4 m high using a small bamboo ladder. 

All cut branches were removed from the field and stored for 7 

days, after which half of the litter was collected to reinforce 

the mulch in the experimental field and the other half plus the 

twigs were used for composting, with the large branches 

being harvested as firewood. 

Hoeing and second pruning of the herbaceous carpet 

The first weeding, which covered the entire system, was 

carried out 20 to 25 days after sowing. The second, which 

took place at 45-50 days, was limited to half of the system 

relating to the slash-and-burn system, while it was replaced 

on the part of the ATV system by a weed cut at 10 cm from 

the ground between the maize rows and mainly concerned the 

Pennisetum purpureum hedges.This time, all the grass 

clippings were used to reinforce the mulching of the soil 

under the Green Carpet system, and its usefulness as an 

organic input (humus) with implications even beyond the 

crop cycle.  

Composting of green carpet prunings 

Given the abundance of rainfall in this equatorial region, 

especially during the cropping season, we opted for 

composting in windrows (piles) rather than in pits. Tall 
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grasses and thin tree branches were cut with a machete and 

reduced to 5-10 cm long particles. 

On a platform of 1.5 m x 3 m, we first made a bed of 

palm twigs and dry banana leaves, and stabilised it with logs 

of false banana trunks. A layer of cut grass (30 cm), a layer of 

a mixture of fresh and decomposed manure (10 cm), a layer 

of fine branches mixed with Acacia auriculoformis litter (5 

cm) and a layer of organic soil taken from the surface around 

the compost heap mixed with 3 buckets of kitchen ashes (5 

cm) were then placed alternately. The pile was then watered 

copiously before a subsequent layer of composts was added, 

and so on until it reached a height of about 1.8m. 

Spreading fertiliser and organic inputs 

We used the complete fertilizer NPK 17-17-17 because 

of its richness and balance of fertilizing elements. The 

application was done in one operation immediately after the 

first weeding at 25 days from sowing, for the treatments of 50 

kg/ha or 5 g/ m
2
 (T1) and 100 kg/ha or 10 g/ m

2
 (T2), then 

spread as a cover crop, in the immediate vicinity of the foot 

(radius of 5-10 cm), then covered with top soil or compost. A 

second application was made after the second weeding at 50 

days from sowing, with 5 g/ m
2
 (2 maize plants) to bring the 

total dose to 100 kg/ ha for treatments T2-ATV and T2- CIB.  

Note that the manure applied at 5t DM (Dry Matter) /ha 

corresponded to 10 t of the manure used (50% moisture), i.e. 

10,000 kg/ha equivalent to 1 kg/ m
2
. The compost used was 

worth 3 times the mass of the manure, i.e. 2.5 kg/ m
2
, as it 

was less wet (drier) than the manure. The organic input, 

compost (ATV system) or manure (slash-and-burn system), 

was thus used to cover the fertiliser, which was spread on the 

surface, to avoid losses through volatilisation. 

Phytosanitary treatments 

A widespread attack on maize was noted at 45 days of 

the cycle due to stem-boring caterpillars. This was due to the 

fact that the seed was of dubious origin and had not been 

treated with any pest control. Two applications were then 

made using two insecticides, namely actara (10 ml/water 

gallon), supplemented by Dipel (60 g per 5 gallons). 

Collection of data on growth parameters and yield 

To measure the growth rate and yield of maize, the 

following variables were used: crown diameter, plant height 

and grain yield. 

The average collar diameter was obtained by indexing by 

the diagonal method, 5 plants on each of two randomly 

selected plots per treatment. Values were obtained (in mm) by 

caliper measurement and an average was obtained per 

treatment.  

Plant height was also measured with a metric tape 

measure (in cm) from the crown to the stem apex. 

The weight of the maize kernels harvested from each plot 

was determined, over the entire experimental set-up, using a 

20-kilogram suspension scale with an accuracy of 50 g. The 

yield is calculated by the following formula:  

R = (P X 10,000 m
2
) / 25 m

2
                                   (1) 

Where R: yield in Kg/ha and P: average weight of grains 

(in kg) harvested on 25 m
2
. 

It should be noted that soil texture, water pH, KCl pH 

and exchangeable aluminium were analysed in the laboratory 

before the experimental set-up. 

Statistical analysis 

The data of the different variables (treatments) were 

entered in Excel, which also allowed the establishment of 

different graphs.  The Past software allowed us to calculate 

the ANOVA test at the threshold α= 0.05 and, after the 

calculation, when the difference is significant, the Tukey test 

was used to compare two by two the different treatments.  

Results 

Effects of treatments on maize plant neck diameters (mm) 

Figures 3 (A, B, C) below show the evolution of maize 

plant neck diameters as a function of treatments and number 

of days respectively the growth curve of average maize neck 

diameters in mm (0 Kg NPK), the growth curve of average 

maize neck diameters in mm (50 Kg NPK) and the growth 

curve of average maize neck diameters in mm (100 Kg NPK). 

From these figures, it can be seen that plate cultivation 

under green carpet, compared to slash-and-burn cultivation, 

gives higher average diameters both in the zero treatment (F= 

135. 6 and p = 8.79 E- 71), T1 (F= 184. 8 and p = 9.89 E- 82) 

and T2 (F= 480 and p = 5.46 E- 118). After taking neck 

diameters of the different samples in the different plots, it was 

found that the production system (ATV) had the highest 

average diameters in all treatments, while the lowest were 

recorded with the CIB system.  

For all the treatments studied, the diameter at the crown 

increased from day 15 to day 60. 

 At 60 days after sowing, the neck diameters of maize 

plants in the organo-mineral fertiliser treatments showed 

statistically equivalent mean values (25 - 27 mm) and higher 

than those in the no fertiliser, T0 - CIB and T0 - ATV 

treatments (16 - 18 mm). 

Effects of treatments on maize plant heights (cm) 

Figures 4 (A, B, C) below show the evolution of the 

heights according to the treatments and the number of days 

respectively the growth curve in average heights of maize 

plants in cm (0 Kg of NPK), the growth curve in average 

heights of maize plants in cm (50 Kg of NPK) and the growth 

curve in average heights of maize plants in cm (100 Kg of 

NPK). 

It is clear from these figures that slash-and-burn 

cultivation gives higher average heights for the zero treatment 

(F= 966. 8 and p = 5.38 E- 146), T1 (F= 4559 and p = 1.02 E- 

209) and T2 (F= 5255 and p = 1.32 E- 215).  

After the height measurement on day 15, it was found 

that the ATV production system had the highest average 

height while the lowest was recorded with the CIB production 

system. The height measurement 15 days later, on day 30, 

again revealed the same trend with the highest average height 

still being with the ATV system while the lowest was with 

the CIB system for all treatments. For the 3rd and 4th heights, 

we observed a rapid rise in growth with the ATV-T2 (113.3 - 

164.7 cm) and CIB-T2 (102.3- 136.1 cm). CIB-T0 (88.6- 

101.7 cm) and ATV-T0 (103.5- 115.9 cm) had the lowest 

average heights. 

Effect of different fertility management practices on grain 

yield of maize 

The effect of different fertility management practices on 

maize grain yields in the experimental site is presented in 

Figure 5 (A, B, C) below giving maize production per tonne 

per hectare (0 Kg NPK), maize production per tonne per 

hectare (50 Kg NPK) and maize production per tonne per 

hectare (100 Kg NPK) respectively. 

From these figures it is clear that the green carpet paddy 

cultivation (GCP), compared to slash-and-burn cultivation 

(SBC), gives higher yields both in the zero treatment (0 Kg 

NPK), T1 (50 Kg NPK) and T2 (100 Kg NPK) (3.2 t/ha vs. 

2.1t/ha; 5.2 t/ ha vs. 3.4 t/ ha and 5.9 t/ ha vs. 4.9 t/ ha, 

respectively). Maize grain weight varied from 3.5 kg (CIB- 

T0) to 17.5 kg (ATV- T2).  



Utshudi Djeli Jean- Bruno et al. / Elixir Agriculture 177 (2023) 56847 - 56854 56850 

In general, the results show that maize grain yield varied 

significantly among the management modes in each 

treatment. The highest yield was obtained in the green carpet 

plots followed by the organo-mineral fertiliser combination 

and the lowest by the slash and burn system.  

The yield level achieved by the different maize 

treatments used in this trial ranged from 2.1 t/ha (CIB- T0) to 

5.9 t/ha (ATV- T2). The results of the statistical analysis 

presented showed significant differences between the 

treatments (F= 14. 99 and p = 1.03 E- 06). According to the 

Tukey multiple comparison test performed in pairs, there was 

high significant difference between ATV-T0 and CIB-T0 (p = 

0,03935), CIB-T0 and ATV-T1 (p = 0,0001698), CIB-T0 and 

ATV-T2 (p = 0,0001394), ATV –T1 and CIB-T1 (p = 

0,01636), CIB-T1 and ATV-T2 (p = 0,001315). The yields 

obtained could be higher if factors such as pests had not had 

direct impacts on the yield components. This property is of 

primary importance because, despite the export of above-

ground biomass, the incorporated and well-distributed roots, 

especially on degraded soils, are both a net supply of 

nutrients and a reliable agent of root gallery development and 

structural stability for the subsequent crop. 

Discussion 

Growth parameters 

The effects of the different fertilisers on growth 

parameters were remarkable. The plants that received the 

organic and mineral fertilisers showed a strong growth vigour 

in height as well as in diameter at the collar, in particular, 

those treated with the composts whatever the treatments. This 

finding highlights the availability of mineral elements in 

organic fertilisers for growth and development of field crops 

and as for maize through organo-mineral inputs 

(Muyayabantu et al, 2012; Siéné et al, 2020). Moreover, the 

results obtained in plants that received mineral fertiliser and 

composts could be explained by the primordial role that 

assimilable phosphorus released into the soil by this fertiliser 

plays in growth and development, as well as in plant 

metabolism and energy transport (Ouédraogo et al, 2014, 

Siéné et al, 2020). Thus, the low level of nutrient reserves 

observed during the analysis of soil samples from the control 

plots would explain the major cause of the poor height growth 

performance of maize observed on these plots. 

The plants emitted their entire leaf just before the 

appearance of the male flower, regardless of the treatment. 

This result corroborates those obtained by Siéné et al (2018), 

who showed that in maize, leaf emission stops a few days 

before the appearance of the male panicle while the plant 

stem continues to grow. Similarly, according to Diatta (2007), 

water stress applied during the reproductive phase only 

affects grain yield, as there is no more leaf emission and the 

plant has reached its maximum number of leaves. In maize, 

senescence remains under the influence of reproductive 

functioning (Borras et al., 2003). Water stress can only 

accelerate leaf senescence. These observations corroborate 

the fact that composts promote good growth and development 

of maize. Our cultivation conditions would therefore have 

influenced maize productivity.  

 

 

 

Maize grain yield 

From the point of view of crop yield, organic manures 

and mineral fertilizer improved the yield values of the 

different treatments relative to the controls. According to 

Mulaji (2011), one of the promising ways to increase crop 

production in the farming community is to apply different 

types of organic matter and mineral fertilisers to the soil in 

order to increase the availability of nutrients in the soil for 

plants. Moreover, the yield obtained with maize plants 

fertilized with composts (ATV) and manures (CIB) 

respectively 4.8 t/ha and 3.5t/ha, lower than that found by 

Ntamwira (2021) respectively 5.6 t/ha and 4.1 t/ha, higher 

than that found by Siéné et al, 2020 with chicken droppings 

(2.8 t/ha) and (3.039 t/ha) and Gomgnimbou et al. (2019) 

with organic manure consisting of chicken droppings at a rate 

of 5 t/ha. The low yield of the control plants could be 

explained by the poor soil nutrient status coupled with the 

water deficit recorded during the reproductive phase. This 

water deficit alone can lead to a loss of 20 to 25 percent of the 

yield and up to 60 percent if the up to 60 percent if the stress 

occurs at the critical period (20 days before flowering and 

continues for 10 days after). During this period, maize 

mobilises 45 percent of its water requirements. The grain 

filling process is then slowed down or even blocked (Hiema, 

2005). Indeed, according to Yang and Zhang (2006) and 

Aslani and Mehrvar (2012), late sowing of cereals under 

water deficit conditions and high temperatures during the 

grain filling phase leads to an increase in the proportion of 

small and immature grains. 

Conclusion  

The study conducted to test, on degraded soil, the effect 

of a small amount of pig manure, integrated with the compost 

of hedge trimmings from the green carpet and enriched with 

increasing microdoses of NPK, on the growth and yield of 

maize grown in the ATV system, gave promising results. It 

showed the impact of the organo-mineral fertilisers used on 

maize productivity. Regarding the duration of the vegetative 

and reproductive phases, organo-mineral fertilisers under 

ATV had a positive effect. The ATV production system was 

more affected by the different treatments during the 

reproductive phase compared to the IPC production system. 

The different organic and mineral fertilisers affected growth 

parameters and maize yield differently. Regarding plant 

growth parameters, the organo-mineral fertiliser under ATV 

clearly stood out from the others. It accelerated the growth of 

collar diameter and the height of the maize plants. The strong 

vegetative development caused by this manure resulted in 

rapid senescence of the leaves recorded from flowering to the 

end of the cycle. Organo-mineral fertilisation under ATV also 

showed a tendency to shorten the crop cycle. Yields under the 

ATV production system (4.8 t/ha) were higher than those 

under the CIB production system (3.5 t/ha), regardless of 

fertiliser. In addition, mineral fertilisers with manures (CIB) 

improved yields compared to the controls. The yields were 

2.3 times higher than those of crops without manure. Mineral 

fertilisers with composts (ATV) were the most effective 

under our growing conditions. They gave a yield that was 1.9 

times that obtained with the ATV control. Their use in maize 

cultivation could constitute an alternative to the drastic 

consequences of soil degradation. 
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Figure 1. Map of the location of the experimental site 

 

 

Figure 2. Experimental set-up 

Legend 

ATV- T0 = 0 kg of mineral fertilizer per hectare, but with a low dose of pig manure (5t/ha), with half of the Pennisetum 

purpureum biomass and Acacia auriculoformis litter removed from the field to be composted and then reapplied, with the other 

half forming the mulch in the ATV system; 

ATV- T1 = 50 kg of NPK fertilizer per hectare, combined with compost made from manure (5t/ha) and green carpet prunings 

(half Pennisetum purpureum biomass + half Acacia auriculoformis litter), the other half forming the mulch in the ATV system; 

ATV- T2 = 100 kg of NPK fertilizer per hectare combined with manure-based compost (5t/ha) and green carpet prunings (half 

Pennisetum purpureum biomass + half Acacia auriculoformis litter), the other half forming the mulch in the ATV system; 

CIB-T0 = 0 kg of fertiliser per hectare, but with a low dose of pig manure (5t/ha), the herbaceous biomass from the clearing being 

burnt beforehand, providing fertilising ash; 

CIB-T1 = 50 kg NPK fertilizer/ha combined with a low dose of pig manure (5t/ha), the herbaceous biomass from the clearing 

being burnt beforehand, providing fertilising ash; 

CIB-T2 = 100 kg NPK fertiliser/ha combined with a low dose of pig manure (5t/ha), the grass biomass from the clearing being 

burnt beforehand, providing fertilising ash. 

B1...B5 = Blocks 

12 
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Figure 3. (A, B, C). Evolution of growth of average maize crown diameter (0 Kg NPK) (A), Evolution of growth of average 

maize crown diameter (50 Kg NPK) (B) and Evolution of growth of average maize crown diameter (100 Kg NPK) (C) in 

the maize experimental field contrasting green mat and slash-and-burn systems.  

 

 

 

Figure 4. (A, B, C). Evolution of growth in mean height of maize plants (0 Kg of NPK) (A), Evolution of growth in mean 

height of maize plants (50 Kg of NPK) (B) and Evolution of growth in mean height of maize plants (100 Kg of NPK) (C) in 

the experimental maize field, contrasting the systems of cultivation under green mats and slash-and-burn cultivation 

 

 

Figure 5. (A, B, C). Maize production per tonne per hectare (0 kg NPK) (A), maize production per tonne per hectare (50 

kg NPK) (B) and maize production per tonne per hectare (100 kg NPK) (C) in the maize field experiment between green 

cover and slash and burn systems.  



Utshudi Djeli Jean- Bruno et al. / Elixir Agriculture 177 (2023) 56847 - 56854 56853 

References 

Aslani F. and Mehrvar MR., 2012.Responses of wheat 

genotypes as affected by different sowing date. Asian Journal 

ofAgricultural Sciences,4(1): 72-74. 

Atangana A., Khasa D., Chang S. &Degrande, A., 

2014.Tropical Agroforestry.Springer Netherlands: 150-168. 

AzontondéH. A., Igué A.M. &Akondé P., 2009. Rapport de 

mission sur le prélèvement des échantillons des stocks 

d’engrais NPK (16-16-16) et des sols au niveau des champs 

des producteurs pour le contrôle de sa qualité dans les 

départements de l’Atacora de la Donga et du Borgou au 

Cotonou, Bénin PUASA/MAEP, 10 p. 

Azontondé H.A., Igué A.M. &DagbénonbakinG., 2010. Carte 

de fertilité des sols du Bénin par zone agro-écologique 

duBénin. Document validé à l’INFOSEC Cotonou le 10 août 

2010. Rapport final, LSSEE/CRA-

Agonkanmey/INRAB/Bénin, 128 p. 

Barthès B., Azontonde A. &FellerC., 2015. Effets d'une 

légumineuse de couverture sur la production et la durabilité 

de systèmes de cultures à base de maïs au Sud Bénin. In « 

Restauration de la productivité des solstropicaux et 

méditerranéens. Contribution à l'agroécologie. » : 319- 328. 

Borras L, Maddonni GA, Otegui ME., 2003. Leaf senescence 

in maize hybrids: plant population, row spacing and kernel set 

effects. Field Crops Res., 82(1): 13-26. 

Diatta J., 2007. Caractérisation du développement 

physiologique, des biomasses et des surfaces foliaires de deux 

variétés typiques de maïs (Zeamays L.) : contribution au 

paramétrage d’un modèle de simulation du développement 

des cultures pour la prévision agricole au Sénégal. Mémoire 

de DEA en biologie végétale, Université Cheickh Anta DIOP, 

Dakar, Sénégal, 73p. 

Gaiser T. M., Judex A.M., Igué H., PaethC.&Hiepe, D., 2011. 

Future productivity of fallow systems in Sub-Saharan Africa: 

Is the effect of demographic pressure and fallow reduction 

more significant than climate change?Agricultural and Forest 

Meteorology, 151: 1120–1130.  

Gomgnimbou APK, Bandaogo AA, Coulibaly K, Sanon A, 

Ouattara S, Nacro HB., 2019. Effets à court terme de 

l’application des fientes de volaille sur le rendement du maïs 

(Zea mays L.) et les caractéristiques chimiques d’un sol 

ferralitique dans la zone sud-soudanienne du Burkina Faso. 

Int. J.Biol. Chem. Sci, 13(4): 2041-2052. 

Hiema SC., 2005. Caractérisation et classification de lignées 

de maïs (Zeamays L.). Mémoire de fin d’études, Université 

Polytechnique,Bobo-Dioulasso, Burkina Faso,  103p. 

IguéA.M., SaidouA., AdjanohounA., EzuiG., AttiogbeP., 

KpagbinG., HodonouH., YoulS., PareT., BalogounI., 

OuedraogoJ., DossaE., MandoA.&SogbedjiJ. M., 2013. 

Évaluation de la fertilité des sols au sud et centre du Bénin. 

Bulletin de la Recherche Agronomique du Bénin (BRAB) sur 

le site web http://www.slire.net NumérospécialFertilité du 

maïs, pp 12 - 23.  

JoanisY., 2018. Essai d’adaptation de douze (12) variétés de 

maïs QPM (ZeamaysL.) introduites à Saint Marc (Localité 

Laloubère), Mémoire inédit, Université d’État d’Haïti, 53 p. 

Maliki R., Bernard M., Padonou E., EnglehartC., Sinsin,B. A. 

&Aho, N.,  2017. Effet combiné de NPK et de trois différents 

mulch d’origine végétale sur la 

production maïsicole et la fertilité des sols au Sud-Bénin. 

Bulletin de la Recherche Agronomique du Bénin, pp 10- 26. 

NtamwiraB.J., 2021. Effets d’une jachère-herbage agro-

forestière sur la productivité et les propriétés agronomiques 

des agrosystèmes à base de haricots-maïs-bananiers au Sud-

Kivu montagneux (RD Congo). Thèse de doctorat, UNIKIS, 

143 p. 

Mulaji KC., 2011. Utilisation des composts de bio-déchets 

ménagers pour l’amélioration de la fertilité des sols acides de 

la province de Kinshasa (République Démocratique du 

Congo). Thèse de Doctorat, Université de Liège Gembloux 

Agro-Bio Tech, 220 p. 

Muyayabantu GM, Kadiata BD, Nkongolo KK., 2012. 

Response of maize to different organic and inorganic 

fertilization regimes in monocarp and intercrop systems in a 

Sub-Saharan Africa Region.Journal of Soil Scienceand 

Environmental Management, 3(2): 42-48.  

Ntamwira B.J., 2021. Effets d’une jachère-herbage agro-

forestière sur la productivité et les propriétés agronomiques 

des agrosystèmes à base de haricots-maïs-bananiers au Sud-

Kivu montagneux (RD Congo). Thèse de doctorat, UNIKIS, 

143 p. 

Ouédraogo J, Nacro HB, Ouédraogo E, Youl S, Sedogo M., 

2014. Amélioration de la disponibilité du phosphore par la 

gestion de la macrofaune du sol : cas d’un lixisol en zone 

semi-aride du Burkina Faso. Int.J. Biol. Chem. Sci., 8(4) : 

1838-1846. 

Pierre N., 2016. Essai d’adaptation de cinq variétés de maïs 

(Zeamays L.) en provenance du CIMMYT en conditions de 

plaine (Cas de Cabaret). FAMV, Haïti, Mémoire, 36 p. 

PSRSA (Plan Stratégique de Relance du Secteur Agricole), 

2011. Plan Stratégique de Relance du Secteur Agricole. 

Ministère de l’Agriculture, de l’Elevage et de la Pêche, 

Kinshasa, République Démocratique du Congo, 135 p. 

Pyame MLD, Mukandama N. JP and Geert B, 

2021a.Cropping in Plates under Green Mat": impacts, on 

depleted ferasols, regarding generation of fresh organic 

matter and saturation with exchangeablebases, International 

Journal of Soil Science and Agronomy, 8 (1): 227-238. 

Pyame MLD, Utshudi DB, Geert H and Geert B, 2021b. 

Rain-fed rice yield and agronomic properties of a depleted 

ferasols, in restoration under an innovative Eco-agriculture 

system: "Cropping in Plates under Green Mat", International 

Journal of Agriculture and Food Security, 7(2): 193-203. 

Pyame MLD, Utshudi DB, Geert H and Geert B, 2021c. Soil-

root interface (RLD), porosity and density of earthworms in 

crop profile, under young agroforestry fallow-grassland 

(Green Mat), in Kisangani (DR. Congo). International 

Journal of Agriculture and Agricultural Sciences, 6(1):164-

175 

Pyame M.L.D.T, 2015. Propriétés agronomiques et potentiel 

d’atténuation des changements climatiques d’une agro-forêt 

de type «culture en assiettes sous tapis vert», en restauration 

de sols dégradés, à Kisangani (RD Congo). Thèse de Docteur 

en Sciences Agronomiques. Université de Kisangani, 192 p. 

Roose E., 2018. Restauration de la productivité de sols 

tropicaux et méditerranéens, contribution à  

l’agroécologie;712 p.  

Siéné LAC, Doumbouya M, Traore M S, Conde M, N’guettia 

T V F  et Kone M, 2020. Effet de quatre types de fertilisants 

sur la croissance et la productivité de deuxgénotypes de maïs 

(ZeamaysL.) en cas d’un semis tardif à Korhogo auCentre-

Nord de la Côte d’Ivoire, Int. J. Biol. Chem. Sci., 14 (1) : 55-

68. 

Siéné LAC, Coulibaly LF, Kouamé K, Condé M, Koné M. et 

Aké S., 2018. Evaluation of the Effect of Three Types of 

Fertilizer on the Agronomic Potential of a Hybrid 

Variety of Maize (Zea mays L.), Grown in Korhogo 

Commune in Côte d’Ivoire.Journal of Experimental 

AgricultureInternational,28(4): 1-12. 



Utshudi Djeli Jean- Bruno et al. / Elixir Agriculture 177 (2023) 56847 - 56854 56854 

TorquebiauE., 2007. L’agroforesterie : Des arbres et des 

champs, Harmattan, Paris, pp : 100-107. 

Yang J. and Zhang J.,2006. Grain filling of cereals under soil 

drying. New Phytologist, 169: 223-236. 

Yusufu, K. E., 2020. Effets de l’âge des jachères 

agroforestières à Acaciaauriculiformis sur les sols, les 

rendements de culture et adoption par les agriculteurs du 

plateau des Batéké, enRépublique Démocratique du Congo, 

Thèse de doctorat inédite, Université Laval, Canada- Québec, 

128 p 

 


