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Use of various organics substrates and
evolution of chemical parameters during
composting of Panicum maximum jacq and
Oriza stiva L. straw

ABSTRACT

Aims: The present study was initiated with the objective of evaluating the quality of
composts obtained from different organic substrates.

Place and Duration of Study: The test was conducted at the research station of the INERA
(Institute of Environment and Agricultural Research) of Farako-Ba in western Burkina Faso.
Methodology: Two types of biomass comprising rice and Panicum maximum straw and two
types of substrates including cattle manure and poultry manure were subjected to windrow
composting. Two treatments were defined with the combination of rice straw + cattle manure
(T1) and the combination of Panicum maximum straw + poultry manure (T2).

Results: The study showed that the composts from both treatments gave basic pH_water
and low C:N ratios (> 20) and were rich in mineral elements. The best quality compost is
obtained in T2 with values of total P (0.52%), Ca (2.05%) and Mg (0.62%) higher than those
of T1 by 44%, 39% and 39% respectively.

Conclusion: This study highlights the possibility of composting these substrates, which may
contribute to improving the organic matter requirements of the soil.
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1. INTRODUCTION

Agricultural development in sub-Saharan African countries is impeded by several
unfavorable factors, including low soil nutrient and organic matter levels [1]. In Burkina Faso,
studies indicate that organic matter content in most soils have declined to a critical level, less
than 1% organic matter [2,3]. Burkina Faso's agriculture thus faces a major challenge which
is to produce more on poorly fertile soils for a rapidly growing population. To cope with soil
degradation, the option of crop fertilization is mainly based on the use of mineral fertilizers to
the detriment of organic fertilizers, which are however essential for improving and
maintaining soil fertility [4,5]. As a matter of fact, many studies have shown the effects of
organic matter inputs on the physico-chemical and biological properties of soils [6,7,8].
Organic matter has an important role in maintaining soil fertility and is a significant source of
nutrients such as nitrogen, phosphorus, potassium and sulphur [9]. Nowadays, due to
demographic pressure, soils are intensively used over a long period of time without
restitution; this leads to a decrease in soil fertility with a modification of physical, biological




and chemical characteristics [2]. The use of organic matter as amendment after composting
will permit to fill the organic matter gap in agricultural soils, reduce their degradation and
even improve their agronomic properties. In order to improve crop productivity, the
production and use of good quality, inexpensive compost is an important challenge. In
Burkina Faso, compost is mainly produced from crop residues, which are insufficient.
Agriculture (consuming organic matter that can be used in the field) and livestock
(consuming crop residues) are in a competition for the use of crop residues [10]. Utilization
of other less frequently used residues such as rice straw and Panicum maximum could be a
solution to increase the availability of residues for composting. Furthermore, the quality and
stability of compost depends on the composition of the materials used for its production [11]
and on the way it is produced [12]. A variety of organic substrates such as cow dung and
poultry droppings are produced and used by farmers [13]. Some studies [5,13,14] have
shown that poultry droppings and manure are rich organic substrates that could be used in
composting. The windrow composting technique, a cost effective organic manure production
practice can produce well-decomposed organic manure in good quantity and quality if the
decomposition process is well done. The combination of less often used crop residues with
substrates such as cow dung and poultry droppings could improve the quality of the compost
and increase the availability of organic amendment for crops. This study of the effects of
different organic substrates on the evolution of chemical parameters of rice straw and
Panicum maximum straw compost aims at evaluating the quality of composts obtained from
various organic substrates.

2. MATERIAL AND METHODS

The experiment was conducted at the research station of the Environment and Agricultural
Research Institute (INERA) in Farako-Ba in western Burkina Faso. One of the geographical
coordinates is 04° 20 West longitude and 11° 06 North latitude. The minimum temperature is
10 °C and the maximum 37 °C, the evapotranspiration is quite high, varying on average
between 1700 mm and 1800 mm per year [4].

2.1. Experimental equipment

2.1.1. Composted material

Two (2) types of straw were used. These were rice straw and Panicum maximum straw, the
chemical characteristics of which are provided in Table 1. The straws were obtained from the
experimental plots of the INERA Farako-Ba research station.

Table 1. Chemical characteristics of the straws used

Straw C% N% CIN P% K % Ca% Mg %
Panicum maximum 52,18 0,97 53 0,07 3,29 0,85 0,22
Oriza sativa 43,14 1,01 42,71 0,09 2,33 1,02 0,16

2.1.2 Organics substrats used for composting

Two types of manure were also used as a source of the micro-organisms required for the
decomposition of organic matter. These are cattle manure and poultry manure, the chemical
characteristics of which are presented in Table 2. Cattle manure and poultry manure were
collected in the cowshed of the INERA Farako-Ba research station.



Table 2. Chemical characteristics of the organic substrates used

Substrate pH water C% N % CIN P% K% Ca % Mg %
Cattle manure 8,39 38,45 1,84 21 0,13 3,98 0,51 0,16
Poultry manure 6,90 42,96 3,39 13 0,23 2,19 2,24 0,68

2.2. Composting method

The composting of the two (02) types of organic substrates was performed using the
windrow method in a simple non-randomised block design with three (03) replications. Two
(02) treatments were set up per organic substrate;

- T1:Rice straw + Cattle manure

- T2:Panicum maximum straw+ Poultry manure
The different compost piles were watered every three days. The piles were turned every
three weeks and a sample was taken for the determination of the following chemical
parameters: pH, total organic matter, total carbon, total nitrogen, total phosphorus, total
potassium, calcium and magnesium. The analytical methodologies were the following: pH
[15], total nitrogen [16], total carbon [17], total phosphorus [18], total potassium [19], calcium
and magnesium [20].

2.3. Data collected and analyzed

Three turnings were performed in total for each treatment, which we refer to as R1, R2 and
R3 corresponding to the first, second and third replication. During the composting process,
samples were taken immediately after each turning in order to evaluate the pH-water
evolution and the degradation process of the organic matter. At the end of the composting
process, samples were taken, dried and packaged for chemical analysis at the INERA
Farako-Ba laboratory in Burkina Faso. The parameters analyzed were pH-water, total
organic matter, total carbon, total nitrogen, total phosphorus, total potassium, C:N ratio.

The data were entered using Microsoft EXCEL 2010. All measured parameters were
subjected to analysis of variance (ANOVA) in order to compare their averages at the
threshold of 5% by Fisher's test using XLSTAT 7.5.2 software.

3. RESULTS

3.1. Evolution of pH-water, Ca and Mg levels during composting

Table 3 shows the variation in pH-water and exchangeable cation content of the different
treatments at each pile turning. The statistical analysis reveals very highly significant
differences between the treatments at the threshold of 5% for the parameters determined.
Treatment T1 gives the highest pH-water values at the first two turnings; but at the third
turning, the highest pH can be observed in Treatment T2. A decrease in pH was observed in
treatment T1, from 8.25 at R1 to 8.14 at R3. As for treatment T2, there was an increase in
pH-water from 7.22 at R1 to 8.22 at R3 during the composting process. As for Ca and Mg
content, treatment T2 gives levels two times higher than those of treatment T1. In general,
we can observe an increase in Ca and Mg content during composting with both treatments.

Table 3. Variation of pH, Ca and Mg during composting

Treatment R1 R2 R3
pH Ca% Mg% pH Ca% Mg%  pH Ca%

Mg %




T1 8,25% 058" 0,18° 8,15* 0,66° 0,20° 8214° 0,81° 0,25°

T2 7,22° 1,29° 0,39° 7,61° 2,11* 0642 822* 2,05° 0,62 °

Probability P<0,001 P<0,00 P<0,00 P<0,00 P<0,00 P<0,00 P<0,05 P<0,001 P<0,001
1 1 1 1 1

Sig VHS VHS VHS VHS VHS VHS S VHS VHS

Sig : Significant ; VHS : Very Highly Significant. The values followed by the same letter in
each column are not statistically different at the threshold of 5% in Newman Keuls test. T1 :
Rice straw + Cattle manure ; T2 : Panicum maximum straw+ Poultry manure. R1: First
turning ; R2 : Second turning ; R3 : Third turning.

3.2. Evolution of carbon and major nutrient content

Table 4 shows the evolution of chemical parameters according to the different treatments
during the three turnings. The statistical analysis reveals very highly significant differences
for total P and total K and significant differences for C/N ratios between treatments at the
threshold of 5%. During the composting process, treatment T2 gives total P levels two times
higher than those of treatment T1 in all turnings (R1, R2 and R3), i.e. 0.31, 0.55 and 0.59%
respectively. Treatment T2 also provides the lowest C:N ratios during the second and third
turning, i.e. 18.12 and 17.99 respectively. A general decrease of the C:N ratio is also
observed during the composting process. Treatment T1 gives the highest total K ratios at the
first and second turning, 3.05% and 2.71% respectively.

Table 4. Evolution du taux de C, N, P et K

Treatment T1 T2 Probability  Significance
C % 40,20 40,42 P >06 NS
N % 1,50 1,44 P >,06 NS
R1 C:N 26,73 28,15 P >,06 NS
P % 0,18° 0,312 P<,02 S
K % 3,052 1,59° P<,004 HS
C % 38,932 29,18° P<,0004 THS
N % 1,60 1,61 P>.73 NS
R2
C:N 24,372 18,12° P<,0001 VHS
P % 0,20° 0,552 P<,0001 VHS
K % 2,71° 1,35° P<,0001 VHS
C % 33,03 33,50 P>,05 NS
N % 1,73° 1,86° P<,01 S
R3 C:N 19,08 ® 17,99° P<,02 S
P % 0,22° 0,59 2 P<,0001 VHS
K % 1,90 1,93 P> 54 NS

NB : S: Significant; NS: Not Significant; HS: Highly Significant; VHS: Very Highly
Significant. Values followed by the same letter in each column are not statistically different at
the threshold of 5% in Newman Keuls test. T1 : Rice straw + Cattle manure ; T2 : Panicum
maximum straw + Poultry manure. R1: First turning ; R2: Second turning; R3: Third
turning.

3.3. Chemical characteristics of the composts obtained



The two final composts have alkaline pH, i.e. 8.25 for treatment T1 and 8.23 for treatment
T2. They have high organic matter levels, i.e. above 30%, and a C:N ratio between 15 and
20, i.e. 17.31 and 15.12 respectively for T1 and T2. The treatment T2 provides the lowest
C:N ratio but it gives levels of total P, Ca and Mg twice higher than those of T1. Total P, Ca
and Mg levels are respectively 0.52%, 2.05% and 2.14% for treatment T2. Treatment T1
gives the best total K level of 2.14%.

Table 5. Chemical compaosition of the composts obtained

Treatment pH_water MO % N% C:N P % K % Ca% Mg %

T1 8,25 52,42 1,76 17,31a 0,20b 2,14a 090b 0,27b
T2 8,23 49,95 1,92 15,12b 052a 161b 205a 062a
Probability P<,54 P<,34 P<,14 P<,002 P<,004 P<,02 P<04 P<04
Significance NS NS NS HS HS S S S

S : Significant; NS : Not Significant ; HS : Highly Significant. The values followed by the
same letter in each column are not statistically different at the threshold of 5% in Newman
Keuls test. T1: Rice straw + Cattle manure; T2: Panicum maximum straw + Poultry manure.
R1: First turning; R2: second turning; R3: Third turning.

4. DISCUSSION

The observed difference in pH-water values during the composting process can be
explained by the pH-water of the initial organic substrates. The pH reflects the biological
activity related to the different phases of the composting process [15,21]. In fact, the pH-
water of the manure used was 8.39, which is basic, leading treatment T1 to give the highest
pH-water. That of the poultry manure was 6.90, which is close to neutrality, hence the lower
pH-water at the start of composting for treatment T2. The results also show a decrease in
pH-water (8.22 to 8.14) for treatment T1 during composting. The decrease is explained by
an increase in the production of organic acid during the mesophilic phase in order to create a
favorable condition for the development of the mesophilic flora because the initial organic
substrate had a high pH (8.25). Ammonia volatilization is frequent above pH 8, which affects
the quality of the compost [22]. The production of CO, during aerobic degradation
contributes to the acidification of the environment through its dissolution in water and the
production of carbonic acid [23]. On the other hand, the results reveal an increase in pH-
water during composting in treatment T2. This is explained by the degradation of polymers
by microorganisms leading to an increase in pH [21]. According to authors [24], the pH of the
compost water can undergo alkalinization through the production of ammonia gas. This
alkalization phase is the result of ammonia production from the degradation of protein
amines during the ammonification process on the one hand and the release of bases
present in the organic matter on the other hand [25,26,27]. The ammonia thus generated
would partly neutralize the acid substances [28,21].

The high Ca and Mg contents of treatment T2 may be explained by the richness of the initial
organic substrate in these elements. The Ca and Mg content of poultry manure is indeed 4
times higher than that of cattle manure. The increase in Ca content is due to the release of
Ca into the environment through the transformation of the initial materials.

The speed of the composting process depends on the speed of mineralization of the organic
matter, and depends on the balance between the mineral elements. The ratio between



nitrogen and carbon, commonly called the C:N ratio, is one of the most considered
parameters to facilitate composting [29]. During the composting process, the C:N ratios of
the different treatments decreased considerably. This decrease may be explained by the fact
that micro-organisms consume more carbon (the main component of organic molecules)
than nitrogen. The decreases in the C:N ratio are also due to the release and/or
transformation of carbon. As a matter of fact, according to authors [29,30], during the
composting process, different transformations of carbon take place: oxidation of easily
degradable carbon compounds, methanisation in the anaerobic parts at the bottom of the
pile or in aggregates, production of organic acids from carbohydrates or lipids, enzymatic
attacks of carbon compounds producing carbohydrates and dissolution of CO, in water. Our
results are similar to those [31] who observed a significant decrease in the C:N ratio of
slaughterhouse wastes during composting. However, it should be noted that manure is one
of the best activators of organic matter decomposition, as it contains sufficient
biodegradative microorganisms. Our results are similar to those [32], who found during
windrow composting of rice straw, a considerable decrease in dry matter content with the
manure-based treatments. Treatment T2 gives the lowest C:N ratio of 15.12. This low C:N
value could reflect the relatively rapid mineralization of nitrogen and therefore its availability
in the compost [33].

Phosphorus is not volatile and is much less prone to leaching than nitrogen because of its
low mobility [34]). The high P content of treatment T2 might be due to the high P content of
the poultry manure (0.23%). Moreover, the study of [35] highlighted that the variation in the P
content of composts is linked to the substrates used. Treatment T1 gives the highest K
content and this is also explained by the high K content of the cattle manure.

The final composts have basic pH values of 8.25 in treatment T1 and 8.23 in treatment T2,
which is indicative of a successful composting process according to [33]. The total P, Ca and
Mg contents of treatment T2 are twice as high as those of T1. This may also be explained by
the richness of the poultry manure in P (0.23%), Ca (2.24%) and Mg (0.68%). According to
[35], the variation in P content of the composts is related to the substrates used. Treatment
T1 gives the highest K content and this is explained by the high K content of the cattle
manure [14]). Treatment T2 gives the lowest C:N ratio and the highest P, Ca and Mg
contents compared to treatment T1. Our results corroborate those of [33] who showed that
broiler and laying hen manure composts are richer in N, P and K elements than cattle
manure composts. In general, the C:N ratios of both treatments are below 20, which is an
indicator of good compost [36].

5. CONCLUSION

The present study was conducted to evaluate the effect of substrate types on chemical
parameters during the composting process and on the final composts. The composts
obtained have basic pH-water and low C:N ratios and are rich in major mineral elements.
Therefore, the composting of organic substrates improves their chemical parameters. We
can also note that the compost based on poultry manure and Panicum maximum straw is of
higher quality than that based on cattle manure and rice straw, because it gives the lowest
C:N ratio and the highest N and P, Ca and Mg contents. However, it would be important to
continue this study in order to evaluate the effect of these composts on crop production and
the physical and chemical parameters of the soil and assess the economic benefits of the
composts produced.



REFERENCES

1. TULLY K, SULLIVAN C, WEIL R, SANCHEZ P. The State of Soil Degradation in Sub-
Saharan Africa: Baselines, Trajectories, and Solutions. Sustainability. 2015; 7: 6523—-6552.

2. PALLO F, SAWADOGO N, SAWADOGO L, SEDOGO M, ASSA A. Status of soil organic
matter in the southern Sudanian zone in Burkina Faso. Biotechnology Agronomy Society
Environment. 2008; 12 (3): 291-301.

3. TAONDA SJ-B, BERTRAND R, DICKEY J, MOREL J-LT, SANON K. Soil degradation in
mining agriculture in Burkina Faso. Farmers notebooks. 1995; 4:363-9.

4. COMPAORE E, NANEMA LS, BONKOUNGOU S, SEDOGO MP. Composting and quality
of solid urban waste compost in the city of Bobo-Dioulasso, Burkina Faso. Tropicultura.
2010; 28 (4): 232-237.

5. COULIBALY K, SANKARA F, POUSGA S, NACOULMA PJ, NACRO HB. 2018. Poultry
practices and soil fertility management on farms in western Burkina Faso. Journal of Applied
Biosciences. 2018; 127(1):12770.

6. KARLEN DL, RICE CW. Soil Degradation: Will Humankind Ever Learn? Sustainability.
2015; 7, 12490-12501.

7. GOMGNIMBOU APK, BANDAOGO AA, COULIBALY K, SANON A, OUATTARA S,
NACRO HB. Short-term effects of the application of poultry droppings on the yield of maize
(Zea mays L.) and the chemical characteristics of a ferralitic soil in the southern Sudanian
zone of Burkina Faso Int. J. Biol. Chem. Science. 2019; 13(4): 2041-2052.

8. SANON A, GOMGNIMBOU APK, COULIBALY K, ZONGO KF, BAMBARA CA, FOFANA
S, SANOU W, NACRO HB. Chemical characteristics of a lixisol under the synergistic effects
of bio-waste and mineral fertilizers in the southern Sudanese zone of Burkina Faso.
International Journal of Development Research. 2021; 11 (07): 48668-48673.

9. KOULIBALY B, TRAORE O, DAKOUO D, ZOMBRE PN. Effects of local amendments on
yields, nutrition indices and crop balances in a cotton-maize rotation system in western
Burkina Faso. Biotechnol. Agron. Soc. Approx., 2009; 13 (1): 103-111.

10. DUGUE P. Soil preparation in the Sudan-Sahelian zone: Prospects and constraints. In:
Appropriate Technologies for Farmers in Semi-arid West Africa. HW. Ohm and J.G. Nagy
(eds.). International Programs in Agriculture, Purdue University, West Lafayette, Indiana.
1985.

11. AZIM K, SOUDI B, BOUKHARI S, PERISSOL C, ROUSSOS S, THAMI ALAMI I.
Composting Parameters and Compost Quality: A Literature Review. Organic Agriculture.
2018; 8 (2): 141-58.

12. INCKEL M, PETER DS, TERSMETTE T, VELDKAMP T. The manufacture and use of
compost. Agrodok. 2005; 8: 73p.



13. BLANCHARD M, COULIBALY K, BOGNINI S, DUGUE P, VALL E. Diversity in the
quality of organic manure produced by farmers in West Africa: what consequences for
manure recommendations? Biotechnol. Agron. Soc. About. 2014 ; 18(4): 512-523.

14. GOMGNIMBOU APK, COULIBALY K, SANON A, BACYE B, NACRO BH, SEDOGO PM.
Study of the Nutrient Composition of Organic Fertilizers in the Zone of Bobo-Dioulasso
(Burkina Faso). Int. Day. Science. Res. Science. Eng. Tech. 2016; 2(4), 617-622.

15. AFNOR (French Standardization Agency). pH determination. AFNOR Soil quality: Paris;
339-348. 1999.

16. HILLEBRAND WF, LUNDELL GEF, BRIGHT HA, HOFFMAN JI. Applied inorganic
analysis (2nd ed.). JOHN WILEY and SONS INC: New York, USA. 1953.

17. WALKLEY A, BLACK JA. An examination of the Detjareff method for determining soil
organic matter and a propos ed modification of the chromatic acid titration method. Soil
Science. 1934; 37: 29-38.

18. NOVOZANSKY IV, HOUBA JG, VAN ER, VAN VARK W. A novel digestion technique for
multi-element analysis. Commmon. Soil Sci. Plant Anal. 1983; 14:239-249.

19. WALINGA |, VAN VARK W, HOUBA VJG, VAN DER LEE JJ. Plant analysis procedures.
Dept. Soil Sc. Plant Nutr. Wageningen Agricultural University Syllabus, Part 7: 197-200.
1989.

20. BLACK CA. Methods of soil analysis. Part I. Physical and mineralogical properties
including statistics of measurement and samplings Part 1l. Chemical and Microbiological
properties. Agronomy series. SAA. Madison. Wis. USA.1986.

21. COSTELLO RC, SULLIVAN DM. Determining the pH Buffering Capacity of Compost Via
Titration with Dilute Sulfuric acid. Waste Biomass Value. 2014; 5, 505-513.

22. MISRA RV, ROY NR, HIRAOKA H. Farm level composting methods. Land and Water
Working Paper, FAO, 48p. 2005.

23. DIENG M, DIEDHIOU AS, SAMBE FM. Valorization by composting of fermentable solid
waste collected at the Polytechnic School of the Cheikh Anta Diop University of Dakar: Study
of the phytotoxic effect on corn and peanut plants. Int. J. Biol. Chem. Science. 2019; 13(3):
1693-1704.

24. BERNAL MP, NAVARRO MA, SANCHEZ-MONEDERO MA, ROIG A, CEGARRA J.
Influence of sewage sludge compost stability and maturity on carbon and nitrogen
mineralization in soil. Soil Biology and Biochemistry. 1998; 30 (3): 305 - 313.

25. PETERS S, SCHWIEGER SKF, TEBBE CC. Succession of microbial communities
during hot composting as detected by PCR-single-stran-conformation polymorphism-based
genetic profiles of small-subunit rrna genes. Appl. About. Microbiol, 2000; 66: 930-936.

26. BEN AL, HASSEN A, JEDIDI N, SAIDI N, BOUZAIANE O, MURANO F. Characterization
of physico-chemical and microbiological parameters during a household waste composting
cycle. French-language journal of industrial ecology. 2005; 40 (4): 11.



27. CHENNAOUI M, SALAMA Y, MAKAN A, MOUNTADAR M. Composting of household
waste in tanks and agricultural recovery of the compost obtained. Algerian journal of arid
environment. 2016; 6 (2): 53-66.

28. FRANCOU C, LE VILLIO-POITRENAUD M, HOUOT S. Influence of the nature of
composted waste on the rate of stabilization of organic matter during composting.
Techniques Sciences Methods. 2007; 5, 35-43.

29. MICHEL FC, REDDY CA. Effect of oxygenation level on yard trimmings composting rate,
odor production and compost quality in bench-scale reactors. Compost science & use. 1998;
6(4): 6-14.

30. MINER FD, KOEING RT, MILLER BE. The influence of bulking material type and volume
on in-house composting in high-rise, caged layer facilities. Compost science use. 2001; 9,
50-59.

31. SOMA DM. Contribution to improving the agronomic quality of compost from
slaughterhouse and landfill waste in the city of Ouagadougou. Engineering dissertation,
Polytechnic University of Bobo-Dioulasso. 2008.

32. SEGDA Z, LOMPO F, MARCO CS, WOPEREIS, SEDOGO MP. Improving the fertility of
compost in irrigated rice cultivation in the Kou valley in Burkina Faso, INERA. Ouagadougou,
Burkina Faso, 58p. 2001.

33. BIEKRE AHT, TIE BT, DOGBO DO. Physico-chemical characteristics of composts based
on farm by-products from Songon in Céte d'lvoire. International. Journal of Biology and
Chemical Science. 2018; 12(1): 596-609.

34. HALL PM. Study of compost and leachate obtained by co-composting of agrifood
residues on the farm. Master's thesis in plant biology Quebec, Canada.103 p. 2014.

35. DAKOUO D, KOULIBALY B, TIAHOUN C, LOMPO F. Effect of “compost plus” inoculum
on cotton stalk composting and cotton yields in Burkina Faso. African Agronomy. 2011; 23
(1): 69-78.

36. HIRAI M, CHANYASAK V, KUBOTA H. A standard measurement for compost maturity.
Biocycl., 1983; 24:54-56.



