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Abstract 
 
The recommandation of 5 t ha

-1
 of organic manures (O.M.), whatever the type, is inadequate, given their diversity. The 

aim of the study is to identify the types of organic manure, the doses used by farmers, determine optimised doses 
according to their qualities and assess the effect of the different doses on sorghum. A survey of 45 farmers in Koutiala 
identified, farmyard manure, compost and cattle yard manure as the main manures used. The doses are low, 1.33 t ha

-1
, 

0.88 t ha
-1

 and 0.25 t ha
-1

 respectively for these fertilizers. After analyzing NPK in these fertilizers, the optimised doses 
calculated for the needs of sorghum producing 2 t ha

-1
 grain were 7.27 t ha

-1
, 3.20 t ha

-1
 and 2.18 t ha

-1
 respectively for 

the types of organic manure identified. Experimentation with optimised doses of compost and cattle yard manure yielded 
2361.5 kg ha

-1
 of sorghum grain and 9288 kg ha

-1
 above-ground biomass, similar to the yields obtained with the 

recommended dose of 5 t ha
-1 

for organic fertilizer. Farmers need to rethink their organic input practices by adopting 
optimised doses, while intensifying manure production. 
 
Keywords: Organic manure, manure quality fertilizers, optimized doses, sorghum, yield, Mali. 
 
 
1. INTRODUCTION 
 
In Mali, food security and socio-economic development 
are major challenges. The agricultural sector employs 
nearly 90% of the working population and contributes 
nearly 40% of the country's income (Saba et al., 2017). 
As population growth and the extension of cultivated 
areas are no longer possible, producers are forced to 
invest in agricultural intensification to improve crop yields 
(Doumbia et al., 2020; Sissoko et al., 2020). However, 72%  
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of farmers are small producers (Saba et al., 2017). They 
have limited financial capacity and resources to purchase 
mineral fertilizers (Bationo et al., 2015; Falconnier, 2016; 
Coulibaly et al., 2022). The work of Green climate fund 
(2018) have shown that in Mali, a decline in agricultural 
yields and an increase in food insecurity are observed, 
which has risen from 24% in 2014 to 25.6% in 2017. 
Nowadays, one of the major challenges facing agriculture 
is the productivity and sustainability of production 
systems. They are particularly based on improving soil 
organic matter management (Bouajila et al., 2014), which 
requires adequate fertilization in order to cope with nutrient 
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shortages in the soil. 
Masse et al.,  (2015) had noted that the effect of organic 
matter inputs in general and the improvement of soil fertility 
are very often positive on agricultural production and system 
sustainability. According to them, it is important to adapt the 
quality of the organic product used as an amendment or 
fertilizer to the cropping system for which the product is 
used. 
The diversity of organic sources and the variability of their 
effect on agricultural production mean that organic fertilizers 
need to be better valorized according to their sources and 
the nutrient requirements of crops. 
In fact, Dieng, (2021) considers organic matter to be the 
fundamental parameter of short- and long-term soil fertility. 
In this context, maintaining soil fertility is essential (Berger et 
al., 1987; Ganry et Badiane, 1998). These authors mention 
that an application of 5 t ha

-1
of good quality of organic 

fertilizer every two years, or 6 t ha
-1

every 3 years, is 
necessary to maintain soil fertility. 
Other authors point out that the dynamics of soil organic 
matter are strongly linked not only to its nutrient content, but 
also to the type of fertilization applied. The different sources 
of organic matter have different effects on the availability of 
nutrients to crops and on the physico-chemical and 
biological properties of soils (Blanchard et al., 2014; Coly et 
al., 2018; Tatiana, 2019).  
In southern Mali (Koutiala zone), the production and use of 
organic manure is common practice, but despite the efforts 
of agricultural research and advisory services, the use of 
organic manure by farmers is not yet well adapted to 
sustainable land productivity. 
According to  Guindo et al (2024), on most farms (73%), 
organic manure stocks vary from 34 to 60 t per year, 
covering only 12% to 35% of cultivated areas. The organic 
manures used are sources of organic matter, containing 
nutrients necessary for crops (Bationo et al., 2015; 
Blanchard et al., 2014; Faucon et al., 2015). When 
calculating the use of organic fertilizers, the diversity of 
organic fertilizers has long been neglected, while the 
recommended dose of 5 t ha

-1
 for any type of organic 

fertilizer does not take this diversity into account. For this 
reason, the systematic application of the same dose without 
taking into account the quality of the fertilizer is a 
problematic and the specific needs of the crops. 
The aim of this study is to establish optimized doses of the 
different types of organic fertilizers used by farmers and to 
assess their effect on sorghum production, compared with 
the recommended dose of 5 t ha

-1
, which does not take into 

account the diversity of organic fertilizers. The basic 
questions are: Is it possible to differentiate organic 
fertilization doses on sorghum according to the type of 
manure used? Has a significant influence on sorghum 
production compared to using the recommended dose ? 
 
2. MATERIAL AND METHODS 
 
2.1. Material 
 
2.1.1. Study sites 
 
The study was carried out in the villages of N'golonianasso, 

Sirakélé and Zansoni, all within a 30 km radius of Koutiala 
(12°35’05’’ nord, 5°36’40’’ouest) with a population growth 
rate of 3.7% and a human density of 63 people/km

2
. The 

soils are shallow ferruginous, sometimes with a light texture 
poor in organic matter. The production systems are strongly 
dominated by the interaction between agriculture and 
livestock farming. Cropping systems are characterized by a 
cotton-cereal rotation with insufficient inputs of organic 
manure, particularly for sorghum and millet. 
 

2.1.2. Plant material and inputs used 
 
The “Soubatimi” sorghum variety for dual use (human food 
and livestock fodder) was used as plant material. This 
variety, with a sowing-maturity cycle of 110 days, is very 
productive and has a potential grain yield of 3 t ha

-1
 at the 

controlled area (station) and 2 t ha
-1

 on the farm, with the 
yield average of 10 t ha

-1
 of dry biomass. The inputs used 

were organic manures (farmyard manure, compost, cattle 
yard manure) and mineral fertilizers (NPK : 17-17-17 and 
Urea : 46-0-0. 
 

2.2. Methods 
 

2.2.1. Farmers' perceptions of organic fertilizer 
application 
  
In May 2020, a survey was carried out among 45 farmers in 
the villages of N'Golonianasso, Sirakélé and Zansoni to 
determine their perceptions of manure use practices. The 
aim of this survey was to identify the types of organic 
manures used in fertilization, the application rates, the way 
manures are distributed in the field and the constraints 
observed in manure production. For this purpose, individual 
meetings were held, using a survey form to collect data. 
 
2.2.2. Sampling of organic manures used by farmers  
 

To determine the organic fertilization dose for each type of 
organic fertilizer, we first sampled each type of fertilizer. In 
all, 24 samples of organic manure were collected in the 
villages of N'golonianasso, Sirakélé and Zansoni. They 
included 12 samples of farmyard manure, 6 of compost and 
6 of cattle yard manure. The sampling was carried out on the 
stocks of manure produced by farmers, to obtain a 
representative sample of each type of manure taken at 3 
depth levels (on top, middle, and bottom of the stock) after 
having discarded the surface layer exposed to climatic 
hazards. For each type of organic fertilizer, sub-samples 
were mixed to form composite samples. Then 5 kg of which 
were retained for laboratory analysis at Sotuba in Bamako. 
 

2.2.3. Determination of the chemical composition of 
organic fertilizers for sorghum cultivation.  
 

The organic manure samples were dried in an oven at a 
temperature of 105°C for 24 hours. (CRAAQ, 2003). Follow 
drying, they were carefully preserved before being sent to 
the laboratory. The analysis focused on the determination of 
nitrogen (N), phosphorus (P) and potassium (K). Total 
nitrogen was determined by the modified Kjeldahl method 
(Mellon, 1953). After digestion, the sample was subjected to 
hot etching with concentrated sulfuric acid. Then, with the
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addition of a pinch of selenium catalyst and H2O2, the 
intermediate product was progressively heated until 
discoloration occurred. Dosing was carried out using 
automatic calorimetry. 

According to the Novozamsky et al (1983), total 
phosphorus concentration was determined by automatic 
colorimetry. The ammonium molybdate and potassium 
antimony tartrate react in an acid medium with ascorbic 
acid to form a blue-colored complex in the presence of 
phosphorus, with absorbance measurement at 880 nm. 
The color intensity is proportional to the amount of 
phosphorus contained in the material. 
As for total potassium, it was determined by an atomic 
adsorption spectrophotometer after mineralization of 
substrate samples with a hot concentrated sulfuric acid 
solution in the presence of a catalyst (Gomgnimbou et al., 
2016).  
The optimized doses of organic fertilizers were calculated 
using the balance method. These doses were based on 
the nutrient requirements for a desired yield of 2 t ha-

1
 of 

grain sorghum. The inputs consist of nutrients (N, P, K) 
from organic manure and mineral fertilization 
recommended for sorghum. (100 kg ha

-1
 NPK 17-17-17 + 

50 kg ha
-1

 Urea), while the outputs consisted of nutrients 
stored in grain and biomass. Grain analysis (2.035 %N, 
0.23 %P, 0.41 %K) and biomass (1.17 %N, 0.08 %P, 
4.73 %K) determined the concentration of NPK in these 
products. So, in anticipation of these mineral exports, to 
cover sorghum's nutrient requirements, the quantities of 
organic fertilizers needed (optimization) as element 
supplements in addition to mineral fertilizers (NPK, urea), 
were calculated. The doses optimized for each type of 
organic manure (farmyard manure, compost, cattle yard 
manure) were compared with the recommended dose of 
5 t ha

-1
 for the same types of organic manure. 

 
2.2.4. Agronomic tests of organic fertilizer doses on 
sorghum  
 
In 2020, tests were carried out on 6 farmers' plots, 2 per 
village. Each farmer's plot was considered as a replicate, 
i.e. 6 replicates. The experimental set-up was split-plot 
with two factors studied, namely the types of organic 
fertilizers at 3 levels of variation as the main factor and 
the doses of organic fertilizers at 3 levels of variation as 
the secondary factor in the subplots. A control was also 
assessed.  
The levels of factor variation are :  
 
Primary factor (types of organic fertilizers):  
 
T1 = farmyard manure 
T2 = compost  
T3 = cattle yard manure 
 
Secondary factor (fertilizer doses) :  
 
D1 = dose optimized according to the quality of the organic 

Fertilizer (7.27 t ha
-1

 of farmyard manure, 3.20 t ha
-1

 of 
compost and 2.18 t ha

-1
 of cattle yard manure) 

D2: uniform dose recommended for all types of organic 
manure (5 t ha

-1
)  

D3: farmer’s practice doses (survey data): 1.33 t ha
-1

 
farmyard manure, 0.88 t ha

-1
 compost and 0.25 t ha

-1
 of 

cattle yard manure. 
Treatments: The combination of organic manure types 
and doses (recommended, optimized, farmer's doses) 
results at 9 treatments. These treatments receive 
chemical fertilizers of 100 kg ha-1 NPK 17-17-17 and 50 
kg ha

-1
 Urea. Three other treatments serving as controls 

for each type of organic fertilizer and receiving no mineral 
fertilization are also put into competition. 
The treatment combinations are as follows 
T1D1 : 7.27 t ha

-1
 of farmyard manure 

T1D2 : 5 t ha
-1

 of farmyard manure 
T1D3 : 1.33 t ha

-1
 of farmyard manure 

T2D1 : 3.2 t ha
-1

 of compost 
T2D2 : 5 t ha

-1
 of compost 

T2D3 : 0.88 t ha
-1

 of compost 
T3D1 : 2.18 t ha

-1
 of cattle yard manure 

T3D2 : 5 t ha
-1

 of cattle yard manure 
T3D3 : 0.25 t ha

-1 
of cattle yard manure 

T4D1, T4D2, T4D3 : controls. 
 
Observed parameters: plant height, rod diameter, grain 
yield and biomass have been mesured. 
 
2.2.4.3. Statistical analysis 
 
The results from chemical analyses of organic manure in 
the laboratory were subjected to a statistical analysis of 
variance (ANOVA) using Genstat 20th edition software to 
compare the variability of NPK content with the variability 
of organic manure.  
The results of the agronomic tests were also subjected to 
analysis of variance to determine the variability between 
treatments. The Student-Newman and Keuls test at the 
5% threshold was used to compare means. Descriptive 
analysis was used to process the survey data. 
 
3. RESULTS 
 
3.1. Farmers' organic fertilization practices and 
quality of manures used 
 
The results showed that on all the farms surveyed, three 
main groups of organic manure were identified as organic 
matter used to fertilize cultivated soils. They include the 
farmyard manure, the compost and the cattle manure. 
The surveys showed that 96% and 78% of farmers 
respectively compost and farmyard manure close to their 
homes. Cattle yard manure is produced by 42% of 
farmers. In all farms, organic manure is transported by 
cart, so that 47% of farmers have an average of 2 carts, 
while 53% have just one cart for all transport work. The 
quantity measurements showed average cart weights of
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300 kg for farmyard manure, 250 kg for compost and 120 
kg for cattle yard manure. After the end of the dry 
season, the organic manures are transported to the fields 
by cart and deposited at 2 or 3 small piles arranged in 
rows 3 to 4 m apart and 3 to 5 m apart, i.e. 4 to 5 crop 
ridges. 
The spreading is done manually with a shovel or by cross 
harrowing. The results of the surveys show that 73% of 
farms systematically produce and transport organic 
manure, and try to bring it to the fields where soil fertility 
is low, regardless of the distance between the house and 
the field. The fields targeted for organic fertilizer vary 
according to the crop to be planted. The cotton and 
maize fields have priority for receiving organic manure. 
For cotton plots, 69% of growers apply organic fertilizer to 
between 1% and 40% of the cultivated area, while 71% of 
growers apply fertilizer to between 2% and 33% of the 
maize area. For the millet and sorghum plots, only 4% of 
farmers provide organic manure, but can only fertilize a 
maximum of 20% of the cultivated area. The average 
doses of organic manure applied to millet and sorghum 
are around 1.33 t ha

-1
 with farmyard manure, 0.88 t ha

-1
 

for compost and 0.250 t ha
-1

 of cattle yard manure. 
Depending on cultural rotation and the disponibility of 
organic manure quantities, the manuring plan varies from 
2 to 4 years. The survey shows that 49% of farmers 
consider the quality of farmyard manure poor in nutrients 
and 38% of those surveyed consider it to be poor in 
nutrients, while 7% of farmers consider it to be a good 
fertilizer for crops (Table 1). The compost that is usually 
made by farmers using various sources of organic 
residues piled up in a hole is described by 47% and 40% 
of farmers respectively as a product poor or at least low 
in fertilizing elements, while only 2% evaluate it as a good 
quality. About cattle yard manure, 78% of farmers 
considered a good organic fertilizer, moderately rich in 
fertilizing elements, while 4% considered it to be very rich 
in fertilizing elements for crops (Table 1). 
Although the use of organic manure is recognized as a 
practice that helps maintain or improve soil fertility, 36% 
of farmers find that its production and transport require 
means that can be a major constraint, with the lack of 
carts and the availability of workers. However, 18% of 
farmers believe that transporting organic manure to the 
fields is not a problem (Table 2). With regard to workers, 
49% of farm managers surveyed were faced with the 
problem of insufficient or sometimes insufficient workers 
for organic manure production. According to them, this is 
a major constraint for manure production, transport and 
spreading in the fields, while 13% of farmers think that 
there are no constraints for this work. With regard to the 
work calendar, 53% of farmers say that their work 
calendar takes account of manure production activities, 
and that this is even one of their priorities. While 4% say 
that they are very overworked, putting this manure 
transport operation behind the times.  

3.2. Concentrated N, P, K content of organic manures 
 
An analysis of variance of the total N, P, K content of the 
different organic manures shows a highly significant 
difference (Prob = 0.002) between the nitrogen content of 
the manures used. The cattle yard manure and compost 
are the richest in total nitrogen, with an average content 
of 1%, while farmyard manure contains less nitrogen than 
compost and cattle yard manure (Table 3), but all these 
organic manures have similar levels of phosphorus 
(0.2%) and potassium (0.8%). 
 
3.3. Optimized doses based on the diversity of 
organic manure types 
 
With the aim of producing 2 t ha

-1
 of grain sorghum with 

the “Soubatimi” variety, and taking into account the 
nutrient content analyzed in the grain and biomass, the 
nutrient requirements are of the order of 64 N-6 P2O5 -
103 K2O per hectare (Table 4). To satisfy these needs, 
the recommended dose of mineral fertilizer is 100 kg ha

-1
 

NPK 17-17-17 and 50 kg ha
-1

 urea (46-0-0), contributing 
40 N-17P2O5 -17 K2O resulting in a nutrient deficit of 24 
kg ha

-1
 N and 86 kg ha

-1
 K2O, which must be met by 

organic fertilizer. When the manure used is the farmyard 
manure, given that the recommended dose of 5 t ha

-1
 

only satisfies 69% of sorghum's nutrient requirements, 
particularly the nitrogen. As a result, the dose of farmyard 
manure was increased to 7.27 t ha

-1
, an increase of 

45.4% on the recommended dose (5 t ha
-1

).  
However, for compost and cattle yard manure, the 
recommended dose far exceeds the nitrogen (N) 
requirement with more than 56% and 129%, respectively. 
The dose of 5 ha

-1 
for these two types of manure 

(compost and cattle yard manure) was reduced to 36% 
and 56.4%, i.e. 3.20 t ha

-1 
for compost and 2.18 t ha

-1 
for 

cattle yard manure (Table 4). These optimized doses 
meet the need for nitrogen (N) and phosphorus (P), but 
are still deficient to cover the enormous need for 
potassium (K). 
 
3.4. Effect of doses on plant height, rot diameter, 
grain yield and sorghum biomass 
 
The results of the analysis of variance of the effect of 
organic fertilizer doses on sorghum revealed no 
significant differences between growth parameters, 
notably plant height (Prob = 0.342) and rot diameter 
(Prob = 0.219). The mean plant height was 194.3 cm with 
a coefficient of variation of 3.5%, while the rot diameter 
was 19.69 mm with a coefficient of variation of 3% (Table 
5).  
The difference between grain and biomass yields was 
statistically highly significant (Prob < 0.001). The 
applications of the optimized dose of farmyard manure 
(7.27 t ha

-1
) resulted in a grain yield of 2042 kg ha

-1
, 21% 
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                     Table 1. Farmers' assessment of the quality of manures used as organic inputs. 

Types of organic manure 
Poor  
(%) 

Weakly wealthy 
(%) 

Moderately 
wealthy (%) 

Very rich (%) 

farmyard manure 49 38 7 7 
compost  47 40 11 2 
cattle yard manure 4 13 78 4 

 
 
 
 
               Table 21. Constraints on the production and use of organic manure. 

Contraints (%) Very restrictive 
Moderately 
restrictive 

Slightly 
restrictive 

No 
constraints 

workers availability 48.89 31.11 6.67 13.33 

transport arrangement 35.6 35.56 11.11 17.78 

occupation calendar 4.44 13.33 53.33 28.89 

 
 
 
 
                            Table 3.  N, P, K and organic matter content of organic manures (%). 

Types of manure N P K M.O  

farmyard manure 0.329b 0.231 0.87 16.4  

compost  0.748a 0.139 0.58 33.7  

cattle yard manure 1.1a 0.157 0.95 31.8  

Mean 0.627 0.189 0.82 24.6  

P. Value 0.002 0.434 0.6 0.069  

S.E.D 0.1882 0.078 0.336 8.11  

CV (%) 60 82.4 82.4 65.9  

N'Golonianasso 0.48 0.106 0.66 15.1  

Sirakélé 0.64 0.199 0.62 21.6  

Zansoni 0.76 0.263 1.15 37  

P. Value 0.527 0.149 0.21 0.061  

S.E.D 0.249 0.0776 0.328 8.88  

CV (%) 79.3 81.9 80.5 72.2  

Interaction between types of manure and villages  

P. Value 0.943 0.764 0.462 0.509  

S.E.D 0.3582 0.1436 0.585 14.25  

CV (%) 66 87.6 82.8 66.9  

 
 
 
 
higher than that obtained with the recommended dose of 
5 t ha

-1
, and more than 46% higher than the control. 

Applying compost at the optimized rate of 3.20 t ha
-1

gave 
the same grain yield of 2361.5 kg ha

-1 
as at the 

popularized rate of 5 t ha
-1

. This trend is the same with 
the application of the optimized dose of 2.18 t ha

-1 
of 

cattle yard manure, which yielded 1548.5 kg ha
-1

, 
identical to that obtained with the recommended dose of 
5 t ha

-1
. 

Our results show that with the application of the 
recommended dose (5 t ha

-1
), without distinction between 

types of organic manure, the yield of 2334 kg ha
-1

 of grain  
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Table 4. Nutrient requirements (kg of N, P, K) for sorghum and optimized fertilization rates for 
different types of manure.  

Nutrient requirements and fertilization doses N P K 

Nutrient requirements for 2 t ha-1 of grain 
sorghum 64.10 6.20 102.80 

100 kg ha
-1

 NPK 17-17-17 17,00 17.00 17.00 

50 kg ha
-1

 urea 46-0-0 23.00 0.00 0.00 

proportion of organic fertilizer (kg ha
-1

) 24.00   85.80 

5 t ha
-1

 of farmyard manure 16.50 11.5 43.5 

5 t ha
-1

 of compost  37.5 7 29 

5 t ha
-1

 of cattle yard manure 55 8 47.5 

Types of manure 
Optimized 

minimum dose  
(t ha

-1
) 

 

Optimized 
maximum dose (t 

ha
-1

) 

farmyard manure 7.27 
 

9.86 

compost  3.20 
 

14.79 

cattle yard manure 2.18   53.63 

 
 
 
 

Table 5: Effect of different doses on plant height, rot diameter, grain yield and biomass of sorghum according 
to types of fertilization. 

Treatment 
Height 
(cm) 

Rod diameter 
(mm) 

Grain 
Yield  

(kg ha
-1

) 

Biomass 
Yield  

(kg ha
-1

) 

optimized dose (farmyard manure: 7.27 t ha
-1

) 196 19.49 2042b 9722a 

recommended dose (farmyard manure: 5 t ha
-1

) 194.69 19.8 1611c 9306abc 

farmers' dose (farmyard manure: 1.33 t ha
-1

) 195.25 19.77 1646c 9097abc 

optimized dose (compost : 3.20 t ha
-1

) 193.53 19.34 2389a 10139a 

recommended dose (compost : 5 t ha
-1

) 195.11 19.54 2334a 8583abc 

farmers' dose (compost : 0.8 t ha
-1

) 194.53 19.57 1958b 9514ab 

optimized dose (cattle yard manure : 2.18 t ha
-1

) 196.83 19.92 1500c 8639abcd 

recommended dose (cattle yard manure: 5 t ha
-1

) 198.44 19.41 1597c 9306abc 

farmers' dose (cattle yard manure: 0.25 t ha
-1

) 195.72 20.29 1111d 7722bcd 

control (no fertilization) 190.45 19.73 1104d 7310cd 

Mean 194.29 19.692 1625 8560 

P. Value 0.342 0.219 0.001 0.001 

S.E.D 3.95 0.3415 136.2 627.1 

CV (%) 3.5 3.00 14.50 12.7 

 
 
 
sorghum obtained with the application of compost is 31% 
higher than that obtained with manure from cattle yards 
and farmyard manure, which are similar to each other. 
On the basis of farmers' practice in applying organic 
fertilizers, the 0.88 t ha

-1 
dose of compost gave the 

highest grain yield of 1958 kg ha
-1

, 16% and 43% higher 
than the yields obtained with the farmyard manure (1.33 t 
ha

-1
) and the cattle yard manure (0.25 t ha

-1
) (Table 5). 

The 2334 kg ha
-1 

grain yield obtained with the optimized 
dose of 3.20 t ha

-1 
of compost is 32% higher than that obtained
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with the optimized doses of farmyard manure and cattle 
yard manure (Table 5). Our results also showed that all 
treatments, whether fertilized with the recommended 
dose or with optimized doses, obtained a similar biomass 
yield of 9288 kg ha

-1
, but 19% higher than that obtained 

by the control and the farmers' practice of spreading 
cattle manure (0,25 t ha

-1
).  

 
4. DISCUSSION 

 
4.1. Organic manures used in fertilization and their 
qualities  
 
The identification of three types of organic manure used 
by farmers shows the diversity of manures used to 
fertilize crops. The weight of a cart load depends on the 
type of manure, the distance from the field and the 
person driving the cart. The use of these various organic 
fertilizers is a widespread practice in Koutiala district. 
Despite efforts and constraints, organic manure 
production is insufficient to cover the fertilization needs of 
all cultivated plots. The quality of the types of organic 
manure available showed that compost and cattle yard 
manure are significantly richer in total nitrogen (1%), 
compared with farmyard manure with a much lower 
content of 0.33%. These variations in nitrogen content 
can be explained by the quality of their constituents and 
production methods. This study concurs with Abdallah 
(2012) assessment of the fertilizing value of different 
types of organic manures, indicating an average content 
of 0.93% total nitrogen for cattle manure. These results 
are also similar to those of  Michel et Bazoumana (2021) 
who had shown compressed nitrogen contents between 
1.05% and 1.9% for composts made by recycling 
sorghum (Sorghum bicolor), sesame (Sesamum indicum) 
and Mucuna prurien husk residues. Chabalier et al., 
(2006) obtained an average N content of 0.62%, much 
lower than that obtained in this study. 
Using compost and manure from cattle pens could provide a 
lot of nitrogen that could be used by the plant. The 
application of farmyard manure (generally poorly 
decomposed), low in nitrogen, causes the immobilization of 
nitrogen by telluric microorganisms, which need it to feed. 
This result in a temporary reorganization making the 
nitrogen unavailable to the plant (Dhaouadi, 2014; Ganry & 
Thuries, 2017; Cisse, 2022).  

 
4.2. Optimized fertilization doses for different types of 
organic manure  
 
The optimization of organic manure doses for sorghum 
fertilization makes it possible to better meet the nutritional 
needs of sorghum and to better manage the manure 
stocks available on farms. The high optimized dose of 

farmyard manure compared to the popularized one could 
be explained by its very low total nitrogen content 
(0.33%), unlike compost and cattle yard manure, which 
have a much higher nitrogen content (1%). 

The studies conducted by Khedija et al., (2015) et Biekre 
et al., (2018) had shown that with farmyard manure and 
compost from green waste and sludge, nitrogen levels 
varied from 2 to 3%. The diversity in the quality of organic 
manures could also be explained by the way in which the 
residues used are processed, in particular domestic 
chores that allow the storage of farmyard manure, 
composting of residues and the keeping of animals with 
the use of crop straws either in the houses or close to the 
dwellings. 
The new doses established (optimized doses) are 
therefore a function of the fraction of mineral elements 
(N, P, K) derived from each type of organic manure. 
Blanchard et al., (2014) had specified the great diversity 
of organic manure used by farmers has consequences on 
dose recommendations and necessary to apply 
according to soils and manure types. The authors have 
indicated that doses ranging from 2.4 t ha

-1
 per year to 

5.1 t ha
-1

 every 2 years are very reasonable. Cisse (2022) 
had also noted that the dose of 2 to 3 t ha

-1
/year seems 

to be within the reach of small farmers with little organic 
manure 
The optimal doses for each type of organic manure, 
which help to meet sorghum's nutrient requirements, are 
also expected to have a significant carryover-effect, as 
well as their mineralization in the soil, as pointed out by 
Michau et al (2019) and Rucakumugufi et al (2021). To 
satisfy sorghum's potassium (K) requirements, very high 
levels of organic fertilizers must be applied, in quantities 
between 10 and 54 t ha

-1
. This enormous need for 

potassium in sorghum is explained by the much greater 
export of this element in grain and biomass (Kante, 2001; 
Gnoumou et al., 2017; Traore et al., 2021). These high 
doses of K, despite the need to contribute satisfying 
sorghum's nutrient requirements, are beyond the farmers' 
capacity. It is therefore essential that, in addition to the 
use of mineral fertilizers, organic fertilizers are optimized 
according to their qualities, so that they provide the 
quantities of nutrients needed for crop growth and yield. 
This not only improves water retention capacity by 
increasing the soil's organic matter content, but also 
makes efficient use of nutrients (Akanza et al., 2016). 
Futa et al., (2020) found that soil nutrient content 
increased when the quantity of organic fertilizer applied 
was high.  
The optimization of organic manure doses according to their 
quality, showed a reduction in the popularized dose of 36% 
(from 5 t ha

-1
 to 3.2 t ha

-1
) for compost and 56.4% (5 t ha

-1 
to 

2.18 t ha
-1

) for cattle yard manure, representing an 
opportunity to meet the nutritional needs of sorghum and to 
improve the management of manure stocks available on the 
farm. For this reason, crop residues are an important source 
of organic manure, and recycling them is seen as a way of 
maintaining soil fertility and improving crop productivity 
(Bationo et al., 2015; Bacye et al., 2021). The practice of 
burying crop residues is a strategy that could make a major 
contribution to improving soil nutrient levels, particularly for 
potassium (Koulibaly et al., 2010;  Naitormbaide, 2012).  
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4.3. Effect of dose application on sorghum agronomic 
parameters  
 
The effect of applying optimized doses of organic 
fertilizers according to their types resulted in similar grain 
sorghum and biomass yields, compared to the 
recommended dose (5 t ha

-1
). This advantage of applying 

optimized doses is linked to the fertilizing value of the 
quantities of manure used. This performance of optimized 
doses confirms the results of work by Bagayoko et al., 
(2017) which specifies that when manure is better 
decomposed and of good quality, its effect, even at low 
doses, can be perceptible on agricultural production.  
The results of work carried out by Blanchard et al., (2014) on 
the diversity of the quality of organic manures produced by 
West African farmers, showed that with the diversity of 
organic manures, it would be necessary to apply doses 
taking into account the quality of the manures to obtain the 
best yield. Several researchs have shown that appropriate 
use of different organic sources provides a satisfactory 
supply of fertilizing elements, from which it is possible to 
build a fertilization plan to improve crop productivity 
(Albrecht, 2007; Camara et al., 2013; Laaboudi & 
Mouhouche, 2021; Lompo et al., 2021; Grossrieder et al, 
2022). 
This corroborates the work of Ibrahim et al., (2015), 
Coulibaly et al., (2019) according to which the application of 
a very nutrient-rich fertilizer even at a low dose, maximizes 
the effects on the growth and production of millet and 
sorghum. 
Other authors have also noted that an annual input of 2.5 t 
ha

-1
 of good quality organic manure results in a satisfactory 

grain yield (Blanchard et al., 2014; Ganry et Thuries, 2017; 
PALE et al., 2021). Our results show that applying the 
recommended dose of 5 t ha-1 without distinguishing 
between types of organic manure, induces a variable and 
less significant effect for certain organic manures such as 

farmyard manure in influencing grain yield improvement. 
This result shows that the importance of the effect of 
organic manure on grain yield would be linked to its 
quality, hence (Somda et al., 2017; Dhaouadi, 2014; Coly 
et al., 2018) indicated that organic manure is an 
important source of organic matter and nutrients and its 
supply helps improve the availability of nutrients in the 
soil. 
To do this, a consistent supply of organic manure, in 
quantity and quality, provides the essential nutrients 
required for growth and yield. 
 
5. CONCLUSION 
 
The study showed that the diversity of organic fertilizers 
used to fertilize fields varies widely in terms of N, P, K. 
The farmyard manure, is less rich in fertilizing elements, 
particularly nitrogen (N), requires a high dose of 
fertilization to satisfy the nutritional needs of sorghum. 
Whereas compost and manure from cattle yards, are 
much richer in nitrogen, require lower doses. However, 
these optimized doses tested on sorghum resulted in 

good development of the sorghum's agronomic 
parameters. The application of the recommended dose 
and the optimized dose of compost resulted in the same 
sorghum grain yield.  The recommended dose of 5 t ha

-1
 

is much more favorable for obtaining higher sorghum 
grain yields when the fertilizer used is compost. The 
alternative of optimizing organic inputs based on the 
quality of organic manures is of great importance from an 
agronomic point of view, improving sorghum growth and 
yield parameters. Compost and cattle yard manure, used 
as organic fertilizers, are still the best way to solve fertility 
problems, given their good quality. 
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