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ABSTRACT 
 

Aim: A study was conducted at the Research and Experimental Farm (REF) of the University of 
Dschang with the aim of evaluating the direct and residual effects of fertilization with hen droppings 
on the growth and biomass yield of Brachiaria ruziziensis at flowering. 
Methodology: A factorial design with five levels of fertilization in terms of nitrogen in hen droppings 
(0, 25, 50, 75 and 100 kg N/ha) on 6 m

2
 (3 m x 2 m) plots in four replicates, i.e. a total of 20 
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experimental plots was used. Fertilization with hen droppings was done one month after the 
placement of the stump chips, during the first year of cultivation (direct effects). In the second year 
of cultivation (residual effects), no fertilization was done. Measurements of plant heights and 
diameters were made on 40 plants per level of fertilization. Leaf, stem and whole-plant biomass 
assessments were made on all plots in relation to their fertilization levels. 
Results: This study shows that the direct effect of fertilization in the form of hen droppings resulted 
in heights and diameters significantly greater than those obtained under the residual effect of 
fertilization. Biomasses of whole plants and their different compartments obtained under the 
residual effect of fertilization were significantly higher than those obtained under the direct effect of 
fertilization. Under the direct and residual effect of fertilization, the heights, diameters and 
biomasses of the fertilized plots were greater than those of the control plots. The level of 
fertilization corresponding to the dose of 100 kg N/ha gave the best results. 
Conclusion: Fertilization with hen droppings at a dose of 100 kg N/ha would be recommended for 
the cultivation of B. ruziziensis over a two-year period, in order to limit the use of mineral fertilizers. 
 

 
Keywords: Brachiaria ruziziensis; hen droppings; height; diameter; biomass; flowering. 
 

1. INTRODUCTION 
 
The need to feed a growing population in 
developing countries in particular is pushing 
farmers to exploit land at the expense of pastoral 
areas [1]. It then becomes important to set up 
sedentary livestock farms. This type of livestock 
farming would allow sustainable management of 
land resources and facilitate livestock breeding. 
However, the establishment of sedentary 
livestock farming requires the supply of good 
quality fodder within the sedentary zone [2,3,4]. 
The cultivation of fodder plants can be a solution 
that would make fodder available both in 
favorable periods (rainy season) and in 
unfavorable periods (dry season) [3,4,5,6]. 
Among the many fodder plants found in 
Cameroon, there is the Brachiaria ruziziensis. It 
is a perennial grass native to Central Africa that 
adapts well in different regions. It has good 
nutritional value and is well consumed by 
animals [7,8]. Brachiaria ruziziensis is 
recommended for the improvement of natural 
pastures, but also as green or preserved fodder 
[8,9]. Cultivation of B. ruziziensis can thus be an 
alternative to natural pastures [6]. However, 
Brachiarias are able to deplete the few nutrients 
remaining in poor soils. Consequently, their use 
as fodder requires fertilization, without which the 
soil will become infertile [10]. In addition, the key 
elements nitrogen, phosphorus, potassium and 
sulphur are often not available in sufficient 
quantities in the soil to allow optimal crop growth 
[11]. For these reasons, adequate fertilization 
must be applied to achieve good yields. Several 
authors have shown that chemical fertilizers have 
led to a quantitative and qualitative increase in 
forage production through nitrogen, which is the 
main limiting factor in tropical pastures [1,12,13]. 

However, although these fertilizers have a 
beneficial effect on plant growth, biomass 
production and chemical composition, their 
misuse increases the risk of environmental 
pollution due to nitrates from urea processing 
[14]. The use of chemical fertilizers is therefore 
not without effect on the environment because, in 
prolonged use, they lead to soil impoverishment, 
hence the need to find better alternatives that are 
cheaper, available and more environmentally 
friendly, such as compost and animal manure 
[15,16]. One of the organic fertilizers most used 
by farmers is hen droppings. Hen droppings are 
an excellent organic fertilizer rich in nitrogen, 
phosphorus, potassium and calcium. The use of 
hen droppings therefore represents an enormous 
potential for soil fertility management and for 
improving crop growth and yields [17]. A review 
of the literature has shown that few studies on 
the effects of hen droppings fertilization in plant 
production have been carried out so far beyond 
the first year of production. However, these 
fertilizers have significant effects up to the 
second year of production. This study aims to 
evaluate the direct and residual effects of 
fertilization with hen droppings on the growth and 
biomass yield of Brachiaria ruziziensis at 
flowering. 
 

2. MATERIALS AND METHODS 
 
2.1 Study Area 
 
The study was conducted at the Research and 
Experimental Farm (REF) of the University of 
Dschang between April 2015 and November 
2016. The REF is located in the West Region of 
Cameroon, in the Menoua Division, at 05°20' 
north latitude and 10°03' east longitude [18]. The 
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climate of the West Cameroon Region is an 
equatorial Cameroonian climate with 
mountainous facies determined by the altitude 
which averages 1400 m. It is characterized by a 
rainy season from mid-March to mid-November 
and a dry season from mid-November to mid-
March [19,20]. The average temperature of the 
hottest month (February) is 25°C and the 
average temperature of the coolest month is 
19°C in July or August. Annual sunshine 
exposure is 1800 hours, with relative humidity 
varying between 33 and 98%. Precipitation 
varies between 1500 and 2000 mm per year 
[6,21]. 
 

2.2 Experimental Design 
 
The experimental design is a factorial design with 
five levels of nitrogen fertilization in terms of hen 
droppings (0, 25, 50, 75 and 100 kg N/ha) on 6 
m

2
 (3 m x 2 m) plots in four replicates, for a total 

of 20 experimental plots. 
 

2.3 Origin of the Fertilizer 
 
Hen droppings were used as fertilizer in this 
study. It was obtained from a chicken farmer in 
the Menoua Division (Dschang). Its chemical 
composition was previously determined at the 
Laboratory of Soil Analysis and Environmental 
Chemistry of the University of Dschang, following 
the soil analysis method described by Pauwels et 
al. [22]. The result of the chemical composition 
made it possible to calculate the quantities of hen 
droppings to be applied in terms of nitrogen. 
 

2.4 Soil Preparation, Plant Placement and 
Fertilization 

 
During soil preparation, soil samples were 
collected at the test site in the 0 - 20 cm depth 
horizon. The chemical analysis of the soil was 
carried out at the Laboratory for Soil Analysis 
and Environmental Chemistry of the University of 
Dschang, following the method described by 
Pauwels et al. [22]. The 6 m

2
 (3 m x 2 m) 

seedling blocks were laid by hand. B. ruziziensis 
stump chips were collected in the surroundings 

of REF. These stump chips were dressed by 
reducing the size of leaves and roots, and 
cultured at a depth of 4 cm, with a spacing of 20 
cm x 15 cm intra and inter rows, respectively. 
 

The different levels of fertilization were quantified 
in terms of the nitrogen contained in the hens' 
droppings because nitrogen is an important 
nutrient involved in plant growth through its role 
in the synthesis of living matter [23,24]. Five 
levels of fertilization were defined (0, 25, 50, 75 
and 100 kg of nitrogen per hectare) during this 
experiment. Each fertilization level corresponded 
to a quantity of hen droppings in kg, as shown in 
Table 1. Fertilization was carried out one month 
after the B. ruziziensis stump chips were grown. 
In the second year of cultivation, no fertilization 
was applied after the regulating mowing, which 
was done 5 cm above the ground. 
 

2.5 Data Collection 
 
2.5.1 Growth assessment 
 
Growth was assessed by measuring the heights 
and diameters of the plants. Thus, 40 plants 
were sampled per fertilization level for height and 
diameter measurements. The heights were 
measured from the mowing point to the tip of the 
longest leaf with a tape measure graduated to 
the centimetre. The diameters were measured 
before the first internode with an electronic 
calliper graduated to the millimetre. 
 
2.5.2 Biomass assessment 
 
Biomasses were assessed for each level of 
fertilization. The seedlings were mowed with a 
cutting table and knives. The mowing was carried 
out at 5 cm from the ground, over an area of 2 
m2 in the centre of the seedling, to avoid edge 
effects. After mowing, the harvested forage was 
weighed. A sample of 0.5 kg of B. ruziziensis 
was taken per level of fertilization in each 
replication. Each sample was then separated into 
leaves and stems which were cut and dried at 60 
°C in a Gallemkamp oven to constant weight for 
determination of dry biomass. 

 
Table 1. Fertilizer levels (kg N/ha) and equivalent amounts of hen droppings applied (kg) 

 
Fertilization levels (kg N/ha) Quantity of droppings applied (kg / plot) 
0 0 
25 5.77 
50 11.53 
75 17.30 
100 23.07 
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2.5.3 Statistical analysis 
 

Data obtained on heights, diameters and dry 
biomass were analyzed using SPSS version 20.0 
software. Where differences between direct and 
residual effects existed, the means were 
separated using the Student's test at the 5% 
significance level [25]. 

 
3. RESULTS AND DISCUSSION 
 

3.1 Chemical Composition of Chicken 
Droppings 

 

The Table 2 shows the results of the chemical 
composition of hen droppings. 
 
3.2 Chemical Composition of Soil 
 

The texture of the experimental soil was silty. It is 
a slightly acidic soil (average pH 5.5). Soil 
nitrogen content is low (0.6 g/kg soil). In an 
intensive production system, the nitrogen content 
must be increased to 2 g/kg. Nitrogen 
supplementation must therefore be provided. The 
percentage of organic matter (with a C/N ratio = 
11.6) is in the ideal range, which implies good 
mineralization of organic matter [26]. This gives 
the soil a greater retention capacity, enabling it to 

withstand massive fertilization. This soil has low 
levels of magnesium, phosphorus, calcium and 
potassium (respectively 0.43 Cmol/kg, 0.5 mg/kg, 
2.06 Cmol/kg and 0.2 Cmol/kg). The cation 
exchange capacity of this soil is high (7.84 
cmol/k of soil) due to the high organic matter 
content. All these soil characteristics make it 
possible to envisage fertilization with high doses. 
 

3.3 Variations in Heights and Diameters 
of Brachiaria ruziziensis due to the 
Direct and Residual Effects of 
Fertilization with Hen Droppings at 
Flowering 

 
The results show that the plant heights obtained 
under the direct effect of fertilization were 
significantly higher (p˂0.05) than those obtained 
under the residual effect of fertilization, 
regardless of the different levels of fertilization 
(Table 3). Furthermore, the heights obtained 
under the direct and residual effects of 
fertilization were higher than those obtained on 
the control plots. Plant heights increased with 
increasing levels of fertilization. Fertilization at 
the rate of 100 kg N/ha resulted in the highest 
heights under both direct and residual effects of 
fertilizer (222.75 and 218.75 cm, respectively). 

 
Table 2. Content of the different mineral elements contained in hen droppings 

 

Mineral Nutrients N K P Na Ca Mg 
Quantity (g/kg) 2.6 20.438 0.809 1.015 6.960 73.046 

 

Table 3. Variations in plant heights of B. ruziziensis (in cm) under the direct and residual 
effects of different levels of fertilization with hen droppings at flowering 

 
Fertilization levels (kg N/ha) Direct effect Residual effect SEM p 
0 207.63

a
 201.28

b
 0.92 0.0001 

25 214.70a 204.73b 0.91 0.0001 
50 217.20

a
 210.45

b
 1.92 0.0001 

75 218.83a 215.43b 1.94 0.0001 
100 222.75

a
 218.75

b
 1.21 0.0001 

a,b: averages with the same letters on the same line are not significant at the 5% threshold. 
SEM: standard error of means 

 
Table 4. Variations in diameters of B. ruziziensis (in mm) under the direct and residual effects 

of the different levels of fertilization with hen droppings at flowering 
 

Fertilization levels (kg N/ha) Direct effect Residual effect SEM p 
0 3.43

a
 2.95

b
 0.05 0.0001 

25 3.75a 3.18a 0.06 0.534 
50 3.85

a
 3.35

a
 0.05 0.052 

75 4.00
a
 3.53

b
 0.05 0.0001 

100 4.08a 3.55b 0.05 0.0001 
a,b: averages with the same letters on the same line are not significant at the 5% threshold. 

SEM: standard error of means 
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Plant diameters obtained under the direct effect 
of fertilization were greater than those obtained 
under the residual effect of fertilization, 
regardless of fertilization levels (Table 4). The 
diameters obtained under the direct and residual 
effects of fertilizer were greater than those 
obtained on the control plots. Plant diameters 
increased with increasing levels of fertilization. 
The direct and residual effects of fertilization at 
the 100 kg N/ha rate resulted in the largest 
diameters (4.08 and 3.55 mm for the direct and 
residual effect of the fertilizer, respectively). 
 

3.4 Biomass Variations of B. ruziziensis 
under the Direct and Residual Effects 
of Fertilization with Hen Droppings at 
Flowering 

 

Leaf, stem and whole plant biomasses obtained 
under the residual effect of fertilization were 
significantly higher (p˂0.05) than those obtained 
under the direct effect of fertilization, regardless 
of the different levels of fertilization (Table 5). 
Leaf, stem and whole-plant biomasses obtained 
under direct and residual fertilizer were higher 
than those obtained on the control plots. In 
addition, leaf, stem and whole plant biomasses 
increased with increasing levels of fertilization. 
 

3.5 Discussion 
 

Fertilization with hen droppings resulted in higher 
plant heights and diameters in the fertilized plots 
than in the control plots. In addition, the heights 
of Brachiaria ruziziensis plants increased with 
increasing levels of fertilization. Indeed, it is the 

high nutrient concentration of hen droppings, 
especially nitrogen (N) and phosphorus (P) that 
is responsible for the improvements in plant 
growth [17] observed in this study. This 
suggested that the timing of nutrient release from 
hen droppings during decomposition and uptake 
by plants was good. Indeed, Mulaji [27] and 
Kimuni et al. [28] demonstrated that the rate of 
decomposition of organic matter and plant 
growth was closely related to the timing of 
nutrient release and plant uptake. 
 
Since nitrogen is the main factor limiting plant 
growth and production [5,29,30,31], the 
differences observed between the plant heights 
in the fertilized and control plots can be 
explained by the fact that the low nitrogen 
content (0.6 g/kg soil) in the soil of the control 
plots did not correspond to the amount needed 
for optimal plant growth. Thus, nitrogen inputs in 
the form of hen droppings resulted in significant 
differences in the plant heights of the fertilized 
plots. Moreover, the results of studies conducted 
by Yerima et al. [17] showed that hen droppings 
significantly improved soil properties, making 
them more productive. This demonstrates the 
role of hen droppings on plant growth and 
development. The results obtained from the 
effect of hen droppings fertilization levels on the 
evolution of heights and diameters of Brachiaria 
ruziziensis are in concordance with those 
obtained by Tendonkeng [6] and Azangue et al. 
[3,4]. Results according to which the heights and 
diameters of Brachiaria ruziziensis plants 
increased under the effects of increasing levels

 

Table 5. Variations in leaf, stem and whole plant biomass of B. ruziziensis (in t DM/ha) under 
the direct and residual effects of fertilization with hen droppings at flowering 

 

 Fertilization levels  
(kg N/ha) 

Direct effect Residual effect SEM p 

Leaves 0 6,08b 12,20a 0,201 0,0001 
25 9,31

b
 12,68

a
 0,170 0,0001 

50 9,34b 13,91a 0,195 0,0001 
75 8,77

b
 14,46

a
 0,390 0,0001 

100 10,63
b
 14,94

a
 0,246 0,0001 

Stems 0 16,21b 19,58a 0,189 0,0001 
25 16,73

b
 22,09

a
 0,300 0,0001 

50 17,77b 21,23a 0,187 0,0001 
75 20,88b 21,92a 0,120 0,005 
100 19,44

b
 21,43

a
 0,198 0,003 

Whole plants 0 22,30
b
 31,79

a
 0,106 0,0001 

25 26,04b 34,77a 0,383 0,0001 
50 27,12

b
 35,14

a
 0,270 0,0001 

75 29,65b 36,39a 0,445 0,0001 
100 30,07

b
 36,38

a
 0,206 0,0001 

a,b: averages with the same letters on the same line are not significant at the 5% threshold 
SEM: standard error of means 
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of nitrogen fertilization. On the other hand with 
those of Zamil et al. [32] and Yerima et al. [17] 
who demonstrated that hen dropping improve the 
availability of nutrients such as nitrogen, 
phosphorus and potassium, which promotes 
plant growth. Fertilization with hen droppings 
positively influenced the biomass production of 
leaves, stems and the whole plant of Brachiaria 
ruziziensis at flowering. In addition, each higher 
level of fertilization resulted in a higher biomass 
than that produced by lower levels of fertilization. 
The significant differences observed between the 
biomasses of the different levels of fertilization 
can be explained by the fact that the increasing 
levels of fertilization with hen droppings provided, 
in proportion to the amounts of hen droppings 
applied, the nutrients necessary for the 
production of plant biomass. 
 
The significant differences observed between the 
biomasses of the different plant compartments in 
the fertilized and control plots can be explained 
by the fact that hen droppings are a fertilizer 
capable of adjusting the cation balance and the 
C/N ratio of the soil, as demonstrated by Yerima 
et al. [17]. On the one hand, the organic matter 
provided by hen droppings, which plays an 
important role in the soil, will prove favorable to 
the growth of micro-organisms that will induce 
nutrient solubilization activation. Nutrients that 
become sufficiently available in the soil over time 
are then efficiently used by cultivated plants 
[28,33]. Thus, hens' droppings provide the soil 
with sufficient amounts of nitrogen, phosphorus, 
potassium, calcium, magnesium and organic 
matter [34]. During the decomposition and 
mineralization of organic matter, the release of 
nutrients is beneficial to the study soil, which is 
low in organic matter, nitrogen, phosphorus and 
exchangeable bases [17]. Thus, the organic 
matter provided by chicken droppings will 
improve the physical properties of the soil. 
Apparent density and soil temperature are 
reduced with the addition of organic matter 
[34,35], while total porosity, moisture and water 
retention capacity are improved. The latter 
reduces the daily soil temperature, thus reducing 
water loss [36]. The increasing availability of soil 
nutrients due to the application of manure 
increases their uptake by plant roots [17]. The 
results obtained on the fertilization of Brachiaria 
ruziziensis plants with hen droppings corroborate 
those of previous studies carried out by Zamil et 
al. [32]; Agbede et al. [34]; Adeleye et al. [35] 
and Yerima et al. [17] which showed that hen 
droppings increase plant growth and yields. This 
is due to the improved chemical and physical 

properties of the soil as a result of the hen 
droppings. The increase in biomass yield with the 
level of nitrogen fertilization in the form of hen 
droppings observed in this experiment is 
consistent with the observations of Pamo and 
Yonkeu [37] who observed in the Adamawa 
region of Cameroon that nitrogen fertilization in 
the presence of phosphorus and potassium 
significantly improved the production of forage 
grasses in natural pastures. Fertilization at the 
dose of 100 kg N/ha resulted in the best biomass 
yields. This suggests that fertilization at the 100 
kg N/ha rate was the optimal fertilization for 
biomass production of Brachiaria ruziziensis. The 
variations in biomass obtained in this study are 
comparable to the observations of Bogdan [38] 
and Cook et al. [9] who showed that the biomass 
of Brachiaria ruziziensis varies from 5 to 36 t 
DM/ha depending on soil fertility, rainfall and 
level of fertilization. Fertilization increases the 
vegetation speed, which increases production for 
a given growth stage, or reduces the time 
needed to reach a defined yield [29,39,40,41]. 
The plant heights obtained under the direct effect 
of fertilization with hen droppings were higher 
than those obtained under the residual effect of 
fertilization. These results can be attributed on 
the one hand to the fertilization with hen 
droppings, which provided the nitrogen 
necessary for faster plant growth in the first year 
of cultivation, through its role in cell multiplication 
and thus elongation with intense growth activity 
[23,24]. On the other hand, it also contributed to 
soil impoverishment in the second year of 
cultivation in the absence of fertilization for the 
plots that had been fertilized in the first year of 
cultivation. The dry biomasses of leaves, stems 
and whole plants obtained in the second year of 
mowing were higher than those obtained in the 
first year of mowing. These differences in the dry 
biomasses of the different parts of the plant 
depending on the mowing year could be 
explained by the fact that the hen droppings 
introduced in the first mowing year improved the 
water retention capacity of the soil through the 
urea it contains. The water that became more 
available was absorbed in large quantities by the 
plants, which increased the fresh biomass of the 
plants, thus reducing the dry biomass in the first 
year of mowing. 
 

4. CONCLUSION 
 
The objective of this study was to evaluate the 
direct and residual effects of increasing levels of 
fertilization with hen droppings on the growth and 
biomass yield of B. ruziziensis at flowering. It 



 
 
 
 

Azangue et al.; JAERI, 21(1): 44-52, 2020; Article no.JAERI.54562 
 
 

 
50 

 

was found that fertilization positively influenced 
the heights, diameters and biomasses of leaves, 
stems and whole plants of B. ruziziensis. 
Fertilization at a dose of 100 kg N/ha gave the 
best results both on growth and biomass yield. 
This leads to the conclusion that fertilization at a 
rate of 100 kg N/ha would be recommended over 
a period of two years for the cultivation of B. 
ruziziensis. 
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