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Abstract

Agricultural activities is a major anthropological driver for greenhouse gas emissions in the world of which crop and

livestock production account for more than half of the total emissions. Agricultural activities can significantly contribute

to and/or mitigate soil organic carbon depletion and greenhouse gas emissions depending on how sustainable the

prevailing farming practices are. This review revealed indiscriminate use of agro-chemicals dominantly chemical

fertilizers and herbicides to be major drivers for soil organic carbon depletion and greenhouse emissions in Nigerian

soils. Poultry manure application could be a blessing and woe to our soils depending on its mode of application into the

soils. Its application in almost raw form significantly contributed to enhanced CO2 emissions, nutrient leaching and

environmental pollution. Modifications of poultry manure through aerobic decomposition into compost and thermo-

chemical conversion into biochar are sustainable means to putting poultry manure to use to the advantage of the

environment. 

Introduction

The major environmental challenge the world battles today is overcoming global warming emanating from climate change

effects. These global degenerating effects on the ozone layer are products of continuous exertion of unsustainable

activities on the ecosystem. These effects are indicated locally by increased atmospheric temperatures, incessant drought

spells, drying up of streams that serve as alternative water sources during dry season, outbreak of new weeds, pests and

diseases, disappearance of beneficial micro and macro-organisms in the soils and decreasing crop yield worsened by

incessant crop failures following drought spells. 

Global agricultural system is a major anthropogenic contributor to global greenhouse gas (GHG) emissions (FAO, 2020;

Venterea et al., 2016). It is reported to be responsible for about 9.3 GT CO2 eqv. of which crop and livestock production

activities contributed more than half (5.3 GT CO2 eqv.) of these emissions majorly CH4 and N2O while two-third of this
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(2.1 GT CO2 eqv.) was generated from livestock farm alone in 2018 (FAO, 2020). Carbon dioxide and N2O are the two

most implicated GHGs contributing significantly to global warming (Nguyen et al., 2014; IPCC 2007) and their emissions

have increased geometrically from pre-industrial time from 11 to 17.7 Tg N2O-Nyr-1 in 1994 and 280 to 392 ppm in early

21st century respectively (IPCC, 2007). CO2, CH4 and N2O contribute about 75, 16 and 6 % of the total global GHG

emissions (Lenka et al., 2015). CO2 emission from soils is influenced by soil types, soil reactions and processes, plant root

and soil microbial respiration, environmental conditions, chemical and organic fertilizer applications. Unguided intensive

cultivation of arable land characterized by exhaustive crop production through indiscriminate usage of agrochemical

(especially chemical fertilizers and herbicides) has contributed immensely to annual soil and environmental degradation.

Information on GHG emissions especially CO2 emissions from soils in Nigeria are scarce despite yearly, high and

indiscriminate chemical fertilizer applications into the soils. It is saddening that there is no agency in Nigeria that monitors

and documents greenhouse gas emissions from arable and livestock farms. This failure has further strengthens among

farmers continuous indiscriminate use of agrochemicals (especially chemical fertilizers and herbicides), reckless disposal

of large tonnage of manure generated from various farm animal houses and unguided application of these animal manure

in almost their raw state on soils. These coupled with poor farming activities are potential drivers to enhanced GHG

emissions in Nigeria.

Livestock industry in Nigeria and its associated environmental challenges

Livestock production involves economic rearing of farm animals for their meat, milk, egg, leather and other products.

Livestock industry in Nigeria is the leading livestock producer in central and West Africa with annual production strength of

about 180, 76, 43, 18 and 8 million poultry birds, goats, sheep, cattle and pig respectively (FMARD, 2017). The industry is

said to worth over N30 trillion (Premium Times, 2019; The Guardian, 2021) and is a major source of animal protein for

human diet and employment in Nigeria. The industry is explored as local source of raw materials to leather, confectionary,

cosmetics and pharmaceutical industries in Nigeria. This industry however has not come without its challenges of which

environmental pollution is dominant. Livestock farms are associated with air, water and soil pollutions especially when

environmental regulatory bodies and policies are lacking. This of course is the situation in Nigeria where livestock farms

are situated anywhere in the community and wastes from the farms especially the dung are released into the community

without caution. This results in environmental pollution causing multiple direct and indirect health issues on plants,

animals, aquatic lives, air and water quality, human wellbeing and eventual imbalance in the ecosystem which is ultimate

to climate change.

Poor soil management from crop production farms 

Most farmers in Nigeria are resource poor and their crop production activities depend largely on chemical fertilizers

(especially as urea and NPK 15:15:15) provided at subsidized rates by the government for soil fertility management. A few

of these farmers keep poultry as coping mechanism against crop failure from unprecedented weather conditions. The

recent campaign for adoption of organic agriculture has introduced application of animal manure especially poultry

manure on farmlands by few of the local farmers. Impatience and poor planning attitude of these farmers had contributed

immensely to field application of these poultry manure in their almost raw forms which poses serious threat to the

environment. Soils receiving similar applications of sole fresh animal manure and/or its co-application with chemical

fertilizer were found to emit 123 (Mäder et al., 2002) and 84 kg ha-1yr-1 (Flieβbach et al., 2007) carbon into the
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atmosphere.

Soil organic carbon: an important soil parameter for mitigating greenhouse gas emissions from soils 

Soil organic carbon (SOC) is generally referred to as a major indicator of soil health. It directly affects physical, chemical

and biological characteristics of the soil. Enhanced organic carbon in the soil has been reported to improve structure,

water and nutrient holding capacities of soils. In fact, balanced SOC sequestration has been well documented as a

significant way out to mitigating GHG emissions especially in tropical soils (Li et al., 2019; Fungo et al., 2017; Adesodun et

al., 2015; Brar et al., 2013; Kimetu and Lehmann 2010). Channels to achieve efficient carbon sequestration in tropical

soils could include: afforestation, controlled use of agrochemicals, in-situ return of biomass into soils through biomass

modification into stable soil amendments such as compost and biochar. Others could include: fallowing, erosion control

and slope management. 

Nigerian soils which are typically tropical in nature are generally low in SOC content due to both natural and

anthropogenic factors. High sunlight radiations, temperature and rainfall intensities denoted by the prevailing tropical

climatic conditions are natural drivers encouraging faster SOC decompositions. Documented anthropological factors

contributing significantly to enhanced SOC depletion include: indiscriminate use of chemical fertilizers, herbicides,

continuous cropping without sustainable nutrient replacement, poor tillage practices and absence of conscious application

of cured organic materials into the soils. In this report, contributions of filed application of raw and modified dung from

livestock (pig dung and poultry manure) and different cropping and soil fertility management practices (e.g. continuous

cropping, indiscriminate use of agrochemicals, fallowing, poor erosion control e.t.c.) on SOC and CO2 emissions were

summarized from our various research works.

Summarized results from incubation and field trials

Assessment of two intensively and continuously cropped soils in Ogbomoso, southwestern Nigeria revealed that organic

carbon dynamics in the soils are significantly affected by adopted farming practices. All the continuously cropped

farmlands studied were deficient in organic carbon contents with values far below the 3% considered as critical for

productive soils (FFD, 2012). These soils therefore will serve as poor adsorbents to trap GHGs, toxic metals and mitigate

nutrient leaching into surface and subsurface waters.

Soil organic carbon deletion was highest in the continuously cropped soils at the two locations managed by indiscriminate

use of chemical fertilizers and herbicides, poor slope and erosion control. This preliminary evaluation showed reduction of

SOC by more than 400% in soil annually receiving chemical fertilizers (especially NPK 15:15:15 and urea) and herbicides

under continuous cropping compared to similar soil managed by organic fertilizers at the Teaching and Research Farm,

Ladoke Akintola University of Technology, Ogbomoso. Poor slope and erosion control further reduce SOC by 204 and

367% respectively in the continuously cropped soil managed by indiscriminate use of chemical fertilizers. Our preliminary

evaluation of effects of short (1-2 years) and long (> 5years) term fallow showed fallowing potentials to increase organic

carbon in soils from Ogbomoso by 10 and 18% respectively compared to continuously cropped soil without fallow.

Soil organic carbon contents were higher at sites under long term (>5 years) Tithonia diversifolia fallow (3.54%), teak

woodlot (2.58%), managed by animal (pig) dung (2.57%) and under short term (1-2 years) fallow period (1.93%).

Conversely, SOC contents ranged from 0.22 and 0.55% in continuously cropped soil managed by indiscriminate chemical

fertilizers exposed to water erosion and foot trafficking. Emissions of CO2 from the soil were found to significantly vary
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among the different farming practices. Continuously cropped soils managed by indiscriminate chemical fertilizers and

intense foot trafficking accounted for higher CO2 emissions ranging from 337.7 – 341.1 kg CO2/ha. On the other hand CO2

emissions were lower in valley bottom soils (191.4 kg CO2/ha), pasture plot (276.8 kg CO2/ha) and soils under teak

woodlot (296.8 kg CO2/ha).

At another location, Agricultural Settlement Ogbomoso, SOC were higher at sites with evidence of termite mound activities

(2.91%), presence of cashew woodlot (2.86%) and poultry manure application (2.13 – 2.31%). Farmlands under

continuous cropping combined with indiscriminate usage of chemical fertilizers and herbicides (with mean SOC values of

1.43 and 1.83% respectively) and vehicular exhaust deposition (1.42%) were dominant drivers for SOC depletions in the

area. The organic carbon contents of soils at this location accounted for about 44% in the variations of cation exchange

capacity (CEC) of the soils. The CEC of soils are indicators of soils potentials to hold water, nutrients and serve as

adsorbent to mitigate nutrient leaching and GHG emissions. Sites with higher SOC (2.13 -2.91%) consistently had higher

CEC values (5.86 – 9.40 cmol /kg) while soils with lower SOC values (1.42 – 1.83%) had the least CEC range of 4.31 –

5.37 cmol/ kg .

In another trial, CO2 emissions were monitored in soils amended with poultry manure (PM) and its two modified products.

These two modified products were compost (PMC) and biochar (PMB). The PMC was produced through aerobic

decomposition of PM and sawdust at ratio 3:1 in a windrow while PMB was achieved through pyrolysis of PM and sawdust

at 350◦C. The PM and its modified products were applied at 1g/400g soil in a CO2 trapped chamber. The CO2 emission

pattern of PM and its modified products under sole and co-application with chemical fertilizer (CF) composed of NPK

15:15:15 spiked with urea were compared with sole CF. Average CO2 emitted were highest (174 mg CO2/kg) in soil

amended with sole CF followed by PMC+CF (122.1 mg CO2/kg) > sole PM (117 mg CO2/kg) > unamended soil (109 mg

CO2/kg) > PMB+CF (98 mg CO2/kg) > sole PMC (84 mg CO2/kg) and least in sole PMB (79 mg CO2/kg). The trial

concluded that management of soil with sole CF and PM in its almost raw form aggravated CO2 fluxes from the soil

studied. Thermal and biological modification of PM into biochar and compost respectively should therefore be adopted.

Initial organic carbon improvement in soils following application of these PM modified products was pinpointed as the

dominant mechanism for these modified products to efficiently reduce CO2 emissions.

Preliminary evaluation of one time atrazine application into soil pretreated with sawdust based biochar was carried out in a

leaching column. The biochar was prepared from sawdust with or without poultry manure at 350◦C and were applied at 5

and 10 t/ha.  Soil that received only atrazine and an absolute control that received neither atrazine nor biochar were

compared. One time atrazine application significantly reduced soil organic carbon, CEC and pH.  In fact, sole herbicide

treated soil reduced SOC and pH by 31 and 6% in just two weeks residence time of the atrazine in the soil. Soil

pretreatment with sawdust based biochar prior atrazine application significantly improved SOC, CEC and pH by  a range

of 1.43 – 2.41% (SD+PM) and 1.78 – 2.57% (SD-PM), 5.44-8.26 cmol/kg (SD+PM) and 3.72 - 5.02 cmol/kg (SD-PM) and

6.33-6.95 (SD+PM) and 6.51-6.68 (SD-PM) respectively with enhanced performance from biochar produced at higher

(400◦C) pyrolysis temperature

References

Adesodun, J.K., Olowokere, F.A., Soretire, A.A., Adejuyigbe, C.O., Adewole, A.O., Akintokun, P.O. and Omoju, O.J. 2015.

Carbon-nitrogen stock and structural stability of a tropical loamy sand soil as influenced by Tithonia diversifolia (L.) and

Qeios, CC-BY 4.0   ·   Article, July 18, 2022

Qeios ID: A1YXOS   ·   https://doi.org/10.32388/A1YXOS 4/6



other fertilizers. International Journal of Soil Science 10(1): 37-44.

Brar, B.S., Singh, K., Dheri, G.S. and Balwinder-Kumar. 2013. Carbon sequestration and soil carbon pools in a rice-wheat

cropping system: Effects of long-term use of inorganic fertilizers and organic manure. Soil Tillage Research 128: 30-36.

FAO. 2020. Emissins due to agriculture. Global, regional and country trends 2000-2018. FAOSTAT Analytical Brief Series

No. 18. Rome.

Federal Fertilizer Department (FFD). 2012. Fertilizer use and management practices for crops in Nigeria. Federal Ministry

of Agriculture and Rural Development. Chude, V.O., Olayiwola, S.O., Daudu, C. and Ekeoma, A. Eds.Abuja. 4th Edition,

1-224 pp.

Federal Ministry of Agriculture and Rural Development (FMARD). 2017. Livestock production in Nigeria- A thriving

industry. Assessed July 5th , 2022 at https://onehealthdev.org.

Fliẞbach, A., Oberholzer, H.R., Gunst, L.and Mӓder, P. 2007. Soil organic matter and biological soil quality indicators after

21 years of organic and conventional farming. Agriculture, Ecosystems and Environment 118: 273-284.

Fungo, B., Lehmann, J., Kalbitz, K., Thiongo, M., Okeyo, I., Tenywa, M.and Neufeldt, H. 2017. Aggregate size distribution

in biochar-amended tropical Ultisol under conventional hand-hoe tillage. Soil and Tillage Research 165: 190-197.

IPCC. 2007. Climate change 2007: The physical science basis. Summary for policy maker.Contribution of working group 1

to the fourth assessment report of the Intergovernmental Panel on Climate Change (IPCC). In: Solomon, S., Qin, D.,

Manning,M., Chen, Z., Marquis,M., Averyt,K.B.,Tignor, M.and Miller, H.L. (eds.). Cambridge University Press, Cambridge,

UK. Pp. 1-18.

Kimetu, J.M. and Lehmann, J. 2010. Stability and stabilization od biochar and green manure in soil with different organic

carbon contents. Australian Journal of Soil Research 48: 577-585.

Lenka, S., Lenka, N.K., Sejian, V. and Mohanty M. 2015. Contribution of agricultural sector to climate change. In: Sejian

V. et al. (eds.), Climate change impact on livestock: Adaptation and mitigation. https://doi.org/10.1007/978-81-322-2265-

1_3

Li, Y., Cheng, J., Lee, X., Chen, Y., Gao, W., Pan, W. and Tang, Y. 2019. Effects of biochar-based fertilizers on nutrient

leaching in a tobacco-planting soil.

Mӓder P, Flibech A, Dubois D, Gunst L, Jossi W, Widmer F, Oberson A, Frossard E, Oehl F, Wiemken A, Gattinger A.

and Naggli U. 2006. The DOK experiment (Switzerland). In: Long-term field experiment in organic farming. Raupp,J.,

Pekrun, C., Oltmanns, M., Kӧpke, U. (eds.). pp. 41-58. Koester, Bonn.

Nguyen, D.H., Biala, J., Grace, P.R., Scheer, C. and Rowlings, D.W. 2014. Greenhouse gas emissions from sub-tropical

agricultural soils after addition of organic by-products. Springerplus 3: 491. PMCID:

25221742. https://doi.org/10.1186/2193-1801-3-491.

Oyeyiola Y.B. and Omueti, J.A.I. 2019b. The reactions of common chemical fertilizers in an Ultisol and their effects on

cowpea performance. Journal of Tropical Soils 24 (1): 25-32.

Oyeyiola Y.B. 2020. Organic based amendments for the management of tropical acid soils: Potentials and challenges.

IOSR Journal of Environmental Science, Toxicology and Food Technology 14 (6): 36-46.

Oyeyiola Y.B., Omueti J.A.I. and Ewetola E.A. 2021. Compost stability and nutrient quality as influenced by carbon to

nitrogen ratios of feedstock. Journal of Agriculture & Ecosystem Management 1 (2): 29-38

Qeios, CC-BY 4.0   ·   Article, July 18, 2022

Qeios ID: A1YXOS   ·   https://doi.org/10.32388/A1YXOS 5/6

https://onehealthdev.org
https://doi.org/10.1007/978-81-322-2265-1_3
https://doi.org/10.1186/2193-1801-3-491


Oyeyiola Y.B., Ewetola, E.A., Olaitan,O. E. and Arogundade, M.I. 2021. Biochar yield and quality enhancement by poultry

manure spiking at varied slow pyrolysis heating regimes. Journal of Solid Waste Technology and Management 47 (4):

705-716.

Oyeyiola Y.B. and Fabule F. A. 2021. Preliminary evaluation of carbon dioxide emissions from an Alfisols amended with

poultry manure and its modified products in Ogbomoso, south-western Nigeria. African Journal of Organic Agriculture and

Ecology 5: 27-35.

Oyeyiola, Y.B. and Adeosun C.I. 2022. Sustainability of ameliorative potentials of urea spiked poultry manure biochar

types in simulated sodic soils. Physical Sciences Reviews, De Gruyter Publishers. https://doi.org/10.1515/psr-2021-0137

 

Premium Times. 2019. Nugeria livestock industry worth N30 trillion. Assessed July 12th , 2022

at www.premiumtimesng.com.

The Guardian. 2021. Nigeria’s livestock sector has economic potentials worth N33 trillion, says Minister. Assessed July

12th, 2022 at https://guardian.ng/news

Venterea, R., Coulter, J.A. and Dolan, M.S. 2016. Evaluation of intensive “4R” strategies for decreasing nitrous oxide

emissions and nitrogen surplus in rainfed corn. Journal of Environmental Quality doi:10.2134/jeq2016.01.0024.

 

Qeios, CC-BY 4.0   ·   Article, July 18, 2022

Qeios ID: A1YXOS   ·   https://doi.org/10.32388/A1YXOS 6/6

https://doi.org/10.1515/psr-2021-0137
http://www.premiumtimesng.com

	Contributions of selected animal manure and common farming and soil fertility management practices to soil organic carbon status and greenhouse gas mitigation in Ogbomoso, southwestern Nigeria: In: Unraveling the contributions of the Nigerian Livestock and other more prominent sectors in mitigation of global greenhouse gases.
	Abstract


