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Abstract 

Low soil fertility, weeds, pests, and climatic change severely threaten crop productivity 
and agricultural sustainability, especially in SSA. Despite decades of research finding 
adequate technical solutions for most situations of food systems, the problem of low food 
productivity has persisted. In an effort to counter this, intensive agricultural systems have 
been mooted including the high application of agrochemicals to control weeds, and pests 
and increase production. However, these initiatives have not lasted beyond the project 
cycle and they have instigated land degradation through unsustainable practices. As a 
solution, conservation agricultural practices have been promoted among small-scale 
farmers. These practices focus on minimizing soil disturbance, crop diversification, and 
cover cropping. Push-pull technology is an aspect of conservation agriculture where 
intercropping a cereal crop with a repellent plant, such as desmodium and planting an 
attractive trap plant, such as brachiaria or Napier grass as a border crop around this 
intercrop. This paper aimed at reviewing existing literature to establish the linkage 
between conservation agriculture components, push-pull technology, and a sustainable 
agroecological transition. A list of questions directed the discussion where push-pull 
technology has been proven to be an aspect that promotes conservation agriculture. It 
has been able to increase crop yields, reduced tillage, established a cover crop on the 
farm, and further, PPT has a regenerative aspect through the integration of livestock 
husbandry providing organic manure that and together with the nitrogen fixation ability of 
the grass, improve soil fertility, conserved soil moisture, and reduce erosion. This reduces 
the use of inorganic input, and machinery making farming economical for small-holder 
farmers.  
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Introduction 

Sub-Saharan Africa (SSA) has faced numerous challenges in an attempt to attain food 
security. Despite other developing regions such as Asian countries increasing food 
production by an estimated 30 percent, there has been a continuous annual decline of an 
average of 3 percent in per capita food production in SSA since 1990 (World Bank, 2008). 
Among the dominant causes of this decline are poor soil fertility, pests, and weeds on 
farms, and climate change (Raimi et al., 2017). The infection from pests and weeds has 
attributed to about 50 percent loss in production which has been exacerbated by the low 
rainfall and low soil fertility prevalent in the region (Khan et al., 2011; Tadele, 2017). In an 
effort to increase crop productivity in this region, intensive farming systems such as the 
use of agrochemicals including pesticides, herbicides, and the huge application of 
inorganic fertilizer in production and machines have been advocated (Makurira, 2011; 
Mohammed-Saleem, 1995). 

Although this modern intensive agriculture has been highly successful when viewed 
through the lens of productivity, it has repeatedly failed to account for externalities 
including impacts on water, soil, biodiversity, and society (Novikova, 2014; TOHA 
science, 2021). In response, various "alternative" agricultures have developed, with the 
largest uptake occurring for those which are otherwise compatible with an industrial scale 
and approach to agriculture, such as organic and conservation agriculture (FAO, 2018a). 

Initially, agricultural knowledge and innovation systems have been thought of from an 
academic perspective as moving from centralized diffusion of specialized research to 
trans-disciplinary, holistic development of knowledge with practitioners/farmers as co-
designers (Darnhofer et al., 2012). These innovations have tended to focus on above-
ground production and ignored the potential impacts of different root structures and soil-
plant interactions, which can be highly important for soil structure (Clemensen et al., 
2020). 

Therefore, alternative agricultural movements have largely been founded and led by 
practitioners rather than researchers, often as a response to the centralized model of 
innovation and to perceived and real failures to take values other than productivity into 
account (Faure et al., 2018). Some, such as conservation agriculture, address specific 
problems such as the degradation of soil (Hobbs et al., 2008). The three principles of 
conservation agriculture are minimizing soil disturbance, maintaining plant cover at all 
times, and maximizing crop diversity (Palm et al., 2014). 

Conservation agriculture is a farming system that creates a suitable soil environment for 
growing crops and that conserves soil, water, and energy resources mainly through the 
reduction in the intensity of tillage, and retention of plant residues (Jat et al., 2014). Push-
pull technology has been instigated to promote the principles of conservation agriculture. 
It is a strategy for controlling agricultural pests by using repellent ('push') and trap ('pull') 
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crops. Currently, the UPSCALE project aims at scaling up the understanding and 
applicability of this technology from individual fields to regional farms and from cereal 
crops to forage production (Khan et al., 2011). Besides the role, push-pull technology has 
many other benefits to the farmers and the environment at large (Mirti, 2019).  

Conservation of the resources is an important concept in today’s agriculture since the 
human will not want to compromise the ability of its future offspring to produce their food 
needs by damaging the natural resources used to feed the population today (Gitz et al., 
2016). This therefore, is key in attainment of sustainable of agricultural intensification for 
the farmers and the region.  

This paper, therefore, will deliver comprehensive information on the linkage between 
conservation agriculture components, push-pull technology and a sustainable 
agroecological transition through a narrative review of peer-reviewed research papers. It 
will promote push-pull technology as a modern conservational agricultural practice that 
can enable farmers in many parts of the world to achieve the goal of sustainable 
agricultural production. The paper will first discuss the principles of conservation 
agriculture and how push-pull technology conform these principles, how can push-pull 
technology be promoted, the challenges, and the achievements that farmers have 
attained through the technology. Throughout the review, the main question leading the 
discussion were; 

I. What are the principles of conservation agriculture? 
II. Does push-pull technology as a strategy meet the conditions of conservation 

agriculture?  
III. What are the achievements of push-pull technology as a strategy promoting 

conservation agriculture in terms of food security and climate change? 
IV. What are the challenges facing push-pull technology adoption as strategy 

promoting conservation agriculture? 
V. What are the gaps that exist in the push-pull technology as a strategy for promoting 

conservation agriculture? 
VI. How can push-pull be promoted as a strategy of conservation agriculture? 

Discussion  

Reasons for Conservation Agriculture 

The agricultural conservation practices are set to prevent accelerated soil erosion by 
reducing anthropogenic impact, increasing ground resistance to destruction by wind 
and water, stimulating soil restoration, and increasing the fertility of eroded lands 
(FAO, 2018b; Oyeogbe, 2018). Good incorporation of the conservation practices on 
the farm can increase the ability of carbon restoration in the soil, improve the 
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resistance of the ground top layer to the emission of harmful particles in the air and 
wind erosion, facilitates moisture penetration into the soil, reduces the leaching of 
nutrients due to the preservation of a large amount of organic matter, and lowers the 
moisture evaporation from the ground (Bouwman et al., 2021; Palm et al., 2014). 
This practices are done through three principles that is minimum soil disturbance, 
maintaining plant cover at all times and maximizing crop diversity (Fuentes et al., 2020). 
To realize the full potential of conservation agriculture, all three principles have to be 
applied concurrently.  

Minimizing Soil Disturbance 

Over time, tillage has been a major component of cultivation and agricultural management 
practices since invention of farming as a way of livelihood by human 3000 BC in 
Mesopotamia (Jarvis & Woolford, 2017; Lal et al., 2007). However, the system has 
undergone transition in tillage from the use of simple materials such as sticks and with 
the industrial revolution, mechanical power and tractors became available to undertake 
tillage operations (Brockington, 1986). Tillage was majorly done to soften the soil in 
preparation for planting that allow seed to be planted suitable depth into moist soil, 
removing the weeds from crop field, it helped release soil nutrients needed for crop growth 
through mineralization and oxidation after exposure of soil organic matter to air, tillage 
was determined to be a critical management practice for controlling soil-borne diseases 
and some insects, and it gave temporary relief from compaction using implements that 
could shatter belowground compaction layers formed in the soil (Mukherjee, 2022). 

However, lately, the resechers are highly against tillage as a management practice. They 
claim that human interventions in soil management through ploughing leads to 
unsustainable agricultural systems. They have claimed that rather than tillage allowing 
organic matter to be worked into the soil by worms and other burrowing animals, instead 
buries this valuable material under the subsoil where it remains like a wad of undigested 
food from a heavy meal in the human stomach. The researchers have advocated for 
planting directly without hoeing or ploughing and reducing tillage only to ripping planting 
lines or making holes for planting.    

Maintaining Plant Cover at all Times  

Mulch, special cover crops and/or crop residues left on the field protect the soil from 
erosion and limit weed growth throughout the year, mostly these crops are not food crop 
but could be grass (Iqbal et al., 2020). This is opposed to conventional farming practices, 
whereby farmers remove, burn crop residues or mixes them into the soil with a plough or 
hoe (ACT, 2020). As a consequence, the soil is left bare, so it is easily washed away by 
rain, or is blown away by the wind. Cover crops manage soil erosion, soil fertility, soil 
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quality, water, weeds, pests, diseases, and biodiversity in an agro ecosystem (Clark, 
2015). 

Maximizing Crop Diversity 

By planting the right mix of crops in the same field, and rotating crops from season to 
season is a way of conserving the soil as opposed to conventional farming where the 
same crop is planted each season. This allows a breakdown of survival and multiplication 
cycles of pests, diseases and weeds resulting in higher yields and maintenance of soil 
fertility (Altieri et al., 2012). 

Push–Pull Technology in the Promotion of the Principles of Conservation 
Agriculture.  

Push-pull is a technology  that involve intercropping maize or any other cereal crop with 
a repellent plant, such as desmodium, and planting an attractive trap plant, such as 
brachiaria or Napier grass as a border crop around this intercrop (ICIPE, 2011). Gravid 
stem borer females are repelled by desmodium from the maize or cereal crop (push) by 
stimuli that mask the host crop while they are attracted (pull) to the trap crop where after 
the eggs hatch, the larvae get trapped by a sticky substance produced by the grass, 
leaving the target crop protected (Gohole, 2003). In addition, desmodium produces root 
exudates some of which stimulate the germination of Striga seeds and others inhibit their 
growth after germination and over time, it reduces the Striga seed bank in the soil (ICIPE, 
1998). Since it is a perennial and drought-tolerant crop, it is able to exert its Striga control 
effect even when the host crop is out of season. This reduces the number of tillage and 
soil disturbance as the weeds are organically controlled which enhances arthropod 
abundance and diversity and improves soil organic matter.  

Achievements of Push-Pull Technology as a Strategy Promoting Conservation 
Agriculture 

Push-pull technology has been able to increase crop yields on the farms (icipe, 2015). 
Reducing tillage has proven to be economically advantageous for farmers (Jarvis & 
Woolford, 2017). Minimizing machinery passes over the field reduces labor and saves 
time, limits machinery wear, and conserves fuel.   

Through covering the soil, desmodium is able to control the weeds again which reduces 
the number of tillage, conserves soil moisture, and prevents soil erosion. Retaining crop 
residue on the soil surface provides a cover that reduces wind and water erosion, runoff, 
or particulate matter and nutrient loss, resulting in benefits for water and air quality 
(Cárceles Rodríguez et al., 2022). It also fixes nitrogen to the soil improving fertility. This 
enables cropping systems to be more resilient and adaptable to climate change while 
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providing essential environmental services and promoting the sustainability of the farming 
systems. 

Through the integration of crops and forage in push-pull technology, drought-tolerant 
desmodium, and brachiaria are able to feed the livestock throughout the year (Mutimura 
et al., 2020). This integration of livestock husbandry has been highly promoted increasing 
milk production and boosting household nutritional value (icipe, 2015). Moreover, this has 
diversified the majority of the mixed crop-livestock households’ sources of income 
motivating agribusiness among small producers. In return, livestock wastes are used as 
organic fertilizer improving soil fertility and increasing productivity without the use of 
inorganic fertilizer.  

Challenges Facing Push-Pull Technology Adoption as Strategy Promoting 
Conservation Agriculture 

Despite an increase in production, a big gap still exists between the potential production 
and the actual output. There is no linkage between the farmers and the researchers in 
the implementation of push-pull technology, therefore, low adoption of the technology. 
The soils are less fertile, a need for short-term solution from the farmers is a necessity in 
push-pull technology to realize increased production which is expensive for small-holder 
farmers. Push-pull technology is limited to a few areas and information dissemination is 
not effective. There are no policies to expand push-pull technology as a way of conserving 
the soils. The desmodium seeds to implement the technology are not readily available for 
the farmers. It is expensive to produce the seeds as they have low market attraction. Low 
partnership levels with other organization promoting organic farming. Use of small plots 
by farmers who have adopted the technology does not give room for commercialization 
and realization of the potential returns. The technology is labour intensive compared to 
other system discouraging farmers from implementing.  No established legal frameworks 
to protect push-pull plots against intruders and destruction. Low rainfall and change of 
wheather patterns has limited the implementation of sustainable agricultural practices 
especially in degraded areas of SSA region. 

Other Gaps in the Push-Pull Technology as a Strategy for Promoting Conservation 
Agriculture 

Lack of well-established policy implementation on push-pull technology in the region, the 
PPT technology is still concentrated in few agroecological zones, need for transform 
push-pull technology from the theoretical implementation to practical experiments, need 
to produce more desmodium seeds, need to make push-pull a complementarity and a 
malt-functionality to in cooperate other benefits in other sectors, Instigate a program 
where farmers teach other farmers on push-pull technology. 
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Promoting Push-Pull as a Strategy of Conservation Agriculture 

Providing financial and material support to farmers such as desmodium seeds which are 
expensive and not readily available. Partner with the agro-dealers to disseminate the 
information and products of PPT to the farmers. Make PPT a molt-functionality to promote 
the integration and the benefits of desmodium to other sectors such as poultry. Expand 
the project to the garden farming system to produce high value nutrients. Team up with 
other organic farming promoting organization to upscale the PPT. Improve the extension 
system through engagement of all stakeholders including the researchers, farmers, 
women and the youths.  

Conclusions 

PPT technology meet the conditions of conservation agriculture as it conforms and 
support   minimum soil disturbance, maintaining plant cover and maximizing crop 
diversity. PPT is key in promoting conservation agriculture, maintain soil fertility in effort 
to attain food security and maintain the environmental health.  

Recommendations 

PPT is a good and important initiative to small scale farmers. Farmers have reported 
improved yield as compared to before adopting the technology. PPT is a good solution to 
improve environmental and soil health in the region. Therefore, upscaling of the PPT 
should be accelerated to all agroecological zones especially where Striga weed is a 
problem as it has the potential to reduce the effect of weeds, pests, and low soil fertility. 
However, it should not be a sole solution to low food productivity, other short-term 
solutions are necessary. Inputs should be offered to farmers in order to make PPT 
successful in promoting conservation agriculture.  

References  

ACT. (2020). Conservation Agriculture (CA) for Food Security. 2, 1–12. 
Altieri, M. A., Ponti, L., & Nicholls, C. I. (2012). Soil Fertility, Biodiversity and Pest 

Management. Biodiversity and Insect Pests: Key Issues for Sustainable 
Management, May, 72–84. https://doi.org/10.1002/9781118231838.ch5 

Bouwman, T. I., Andersson, J. A., & Giller, K. E. (2021). Adapting yet not adopting? 
Conservation agriculture in Central Malawi. Agriculture, Ecosystems and 
Environment, 307(September 2020), 107224. 
https://doi.org/10.1016/j.agee.2020.107224 

Brockington, N. R. (1986). Farming systems research: A review. In Agricultural Systems 
(Vol. 21, Issue 3). https://doi.org/10.1016/0308-521x(86)90042-9 

Cárceles Rodríguez, B., Durán-Zuazo, V. H., Soriano Rodríguez, M., García-Tejero, I. F., 
Gálvez Ruiz, B., & Cuadros Tavira, S. (2022). Conservation Agriculture as a 

Electronic copy available at: https://ssrn.com/abstract=4413772



8 
 

Sustainable System for Soil Health: A Review. Soil Systems, 6(4), 1–37. 
https://doi.org/10.3390/soilsystems6040087 

Clark, A. (2015). SARE Cover-Crops-for-Sustainable-Crop-Rotations. Sare, 1–4. 
Clemensen, A. K., Provenza, F. D., Hendrickson, J. R., & Grusak, M. A. (2020). Ecological 

Implications of Plant Secondary Metabolites - Phytochemical Diversity Can Enhance 
Agricultural Sustainability. Frontiers in Sustainable Food Systems, 4(March 2021). 
https://doi.org/10.3389/fsufs.2020.547826 

Darnhofer, I., Gibbon, D., & Dedieu, B. (2012). Farming systems research into the 21st 
century: The new dynamic. Farming Systems Research into the 21st Century: The 
New Dynamic, May, 1–490. https://doi.org/10.1007/978-94-007-4503-2 

FAO. (2018a). The future of food and agriculture – Alternative pathways to 2050. 
http://www.fao.org/3/I8429EN/i8429en.pdf 

FAO, 2018. (2018b). CONSERVATION AGRICULTURE in Timor-Leste. 19. 
Faure, G., Chiffoleau, Y., Goulet, F., Temple, L., & Touzard, M. (2018). and food systems 

(Issue October 2019). 
Fuentes Llanillo, R., Santos Telles, T., Soares Junior, D., Kaweesa, S., & B. Mayer, A.-

M. (2020). Social benefits of Conservation Agriculture systems. January, 375–390. 
https://doi.org/10.19103/as.2019.0049.12 

Gitz, V., Meybeck, A., Lipper, L., Young, C., & Braatz, S. (2016). Climate change and 
food security: Risks and responses. In Food and Agriculture Organization of the 
United Nations. https://doi.org/10.1080/14767058.2017.1347921 

Gohole, L. S. (2003). Enhancing foraging bheaviour of stemborer parasitoids: role of a 
non-host plant Melinus minutiflora. Laboratory of Entomology, 140. 

Hobbs, P. R., Sayre, K., & Gupta, R. (2008). The role of conservation agriculture in 
sustainable agriculture. Philosophical Transactions of the Royal Society B: Biological 
Sciences, 363(1491), 543–555. https://doi.org/10.1098/rstb.2007.2169 

icipe. (2015). The ‘ Push – Pull ’ Farming System : Climate-smart , sustainable agriculture 
for Africa. In The ‘Push–Pull’ Farming System: Climate-smart, sustainable agriculture 
for Africa. http://www.push-pull.net/planting_for_prosperity.pdf 

ICIPE. (1998). Scientists at the International Centre of Insect Physiology and Ecology 
(icipe) in Kenya, in. 

ICIPE. (2011). Climate-smart push–pull: resilient, adaptable conservation agriculture for 
the future. International Centre of Insect Physiology and Ecology, 1–8. 

Iqbal, R., Raza, M. A. S., Valipour, M., Saleem, M. F., Zaheer, M. S., Ahmad, S., 
Toleikiene, M., Haider, I., Aslam, M. U., & Nazar, M. A. (2020). Potential agricultural 
and environmental benefits of mulches—a review. Bulletin of the National Research 
Centre, 44(1). https://doi.org/10.1186/s42269-020-00290-3 

Jarvis PE, & Woolford AR. (2017). Economic and ecological benefits of reduced tillage in 
the UK. Farmer’s Weekly, January, 1. 
https://www.farmersweekly.co.za/animals/game-and-wildlife/economic-ecological-

Electronic copy available at: https://ssrn.com/abstract=4413772



9 
 

benefits-hunting-
namibia/%0Ahttps://www.agricology.co.uk/sites/default/files/Economic and 
ecological benefits of reduced tillage in the Uk - Final.pdf 

Jat, R. A., Sahrawat, K. L., Kassam, A. H., & Friedrich, T. (2014). Conservation agriculture 
for sustainable and resilient agriculture: global status, prospects and challenges. 
Conservation Agriculture: Global Prospects and Challenges, 1–25. 
https://doi.org/10.1079/9781780642598.0001 

Khan, Z., Midega, C., Pittchar, J., Pickett, J., & Bruce, T. (2011). Push-pull technology: A 
conservation agriculture approach for integrated management of insect pests, weeds 
and soil health in Africa. International Journal of Agricultural Sustainability, 9(1), 162–
170. https://doi.org/10.3763/ijas.2010.0558 

Lal, R., Reicosky, D. C., & Hanson, J. D. (2007). Evolution of the plow over 10,000 years 
and the rationale for no-till farming. Soil and Tillage Research, 93(1), 1–12. 
https://doi.org/10.1016/j.still.2006.11.004 

Makurira, H. (2011). Rainfed Agriculture in Sub-Saharan Africa. Water Productivity in 
Rainfed Agriculture, 181(November 1947), 35–48. https://doi.org/10.1201/b10823-9 

Mirti, I. U. (2019). Analysis of the Impact of Push-Pull Technology on Household Food 
Security and Nutrition in Eastern Uganda and Western Kenya Table of Contents. 0–
32. 

Mohammed-Saleem, M. A. (1995). Mixed farming systems in sub - Saharan Africa The 
farming situation in sub - Saharan Africa. Livestock Development Strategies for Low 
Income Countries, 93–100. 

Mukherjee, S. (2022). Soil Tillage. Current Topics in Soil Science, 77–86. 
https://doi.org/10.1007/978-3-030-92669-4_8 

Mutimura, M., Resources, A., Board, D., & Ghimire, S. (2020). Handbook of Climate 
Change Management. Handbook of Climate Change Management, May. 
https://doi.org/10.1007/978-3-030-22759-3 

Novikova, A. (2014). Valuation of Agricultural Externalities : Economics, 2, 199–206. 
Oyeogbe, A. I. (2018). Conservation Agriculture in Africa : Practices , Problems and 

Prospects. October 2015. 
Palm, C., Blanco-Canqui, H., DeClerck, F., Gatere, L., & Grace, P. (2014). Conservation 

agriculture and ecosystem services: An overview. Agriculture, Ecosystems and 
Environment, 187, 87–105. https://doi.org/10.1016/j.agee.2013.10.010 

Raimi, A., Adeleke, R., & Roopnarain, A. (2017). Soil fertility challenges and Biofertiliser 
as a viable alternative for increasing smallholder farmer crop productivity in sub-
Saharan Africa. Cogent Food and Agriculture, 3(1). 
https://doi.org/10.1080/23311932.2017.1400933 

Tadele, Z. (2017). Raising crop productivity in Africa through intensification. Agronomy, 
7(1), 1–30. https://doi.org/10.3390/agronomy7010022 

TOHA science. (2021). Regenerative Agriculture Literature Review (Issue December). 

Electronic copy available at: https://ssrn.com/abstract=4413772



10 
 

World Bank. (2008). World Development Report 2008 : Agriculture For Development. 
Washington, DC. © World Bank. Journal of Chemical Information and Modeling, 
53(9), 1689–1699. 

 
 

 

Electronic copy available at: https://ssrn.com/abstract=4413772


