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The Soil

❖ Soil marks the beginning and the end of all life forms.

❖ As a foundation of Agriculture, soil provides us with

food, feed, and fibre.

❖ Human obtain more than 99.7% of their food 

(calories) from the land/ soil (Pimental, 2006).

❖ Soil acts as a water filter and medicine bank and is a 

habitat for a billion organisms.



28 March 2023 4

State of Soil degradation and food security

❖ Annual economic loss of US$8 billion globally

(Sartoria et al., 2019)

❖ Agricultural activities responsible for 75% of global 

soil erosion (Bossio et al., 2010; Wolka et al., 2018)

Fig. 1. World Map Showing Human-Induced Soil Degradation (International 

Soil Reference and Information Centre, 2017) , Gupta 2019

Table 1: Continental and Global scale estimate of degradation

(million ha)

Area GLASOD FAO 

TerraSTAT

Dregne & 

Chou 1992

GLADA

Africa 321 1222 1046 660

Asia 453 2501 1342 912

Australia & Pacific 6 368 376 236

Europe 158 403 94 65

North America 140 796 429 469

South America 139 851 306 398

World Total 1216 6140 3592 2740

Gibbs and Salmon, 2015

❖ Challenges of Food Security 

FAO indicates that feeding a world 

population of 9.1 billion in 2050 would 

require raising overall food production by 

about 70 percent between 2005/07 and 

2050.  How ???
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Distribution of the main maize stem borer pest species in Kenya.

Bussiola fusca (Bf),  Chilo Partellus (Cp) and Sesamia calamistis (Sc). Map; credit to Dr. 

Bruno Leru

Temperature AltitudeRainfall

Chilo partellus ERI in 2000 (A) and 2050 (B) and change ofC. partellus ERI between 2000 and 

2050 (C) according to ILCYM model predictions in Kenya. Indices>0.6 is associated with

potential permanent establishment. The ERI identifies the area in which the insect may survive 

and become established permanently. Map; credit to Nancy Khadioli et al 2014 

How is climate change affecting food systems?

❖ Climate change is further aggravating land 

degradation, soil erosion, and soil fertility

❖ Pests incidence and damage
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Traditional Agriculture
farming methods before agro-chemicals,

low-yielding varieties, rainfed, hoe & cutlass

Conventional Agriculture
“Green revolution” agriculture,

monoculture of high yielding

varieties,  use of chemical fertilizer,

pesticides, machinery, irrigation, etc

Organic Agriculture (9-15% <)
Intercropping & crop rotation, 

Based on the principle of health, ecology, 

fairness & care. No use of pesticides, 

fertiliser & GMO

Permaculture
based on earth care 

people care ethics 

(fair share & limit 

consumption)

Integrated Farming
improved conventional 

agriculture using intercrop with 

legumes. use reduced, amount 

of fertilizer & pesticides

Which production system is more sustainable?

The debate about the sustainability of farming systems and 

the myth of organic agriculture

Conservation

Agriculture
intercropping  based on 

maximum soil cover 

(80%) & minimum tillage.

Agroforestry
Farner-centered, Synergy, 

trees, crops, and livestock 

interact in mutually beneficial 

ways that sustain multiple 

ecosystem services.

Biodynamic

Agriculture 
Treating farms

as a living

organism, work

with nature & 

harmonize these elements

de Ponti et al., 2012

Seufert et al., 2012

Ponisio et al., 2015
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Maize/
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FiBL Comparison Trials in the Tropics
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Case Study 1: ProEcoAfrica / OFSA projects

2013 – 2020: Ghana, Kenya, (and Uganda)



Productivity, profitability and sustainability of organic and 
conventional farming systems

• Unique study approach – 5 case

studies

• ≈ 1,700 smallholder farmers

(>2,000 with Uganda)

• Cross-sectional prospective

observational study

Materials and methods

GH-C Ghana certified organic site (Ashanti Region

GH-NC Ghana non-certified organic site 

(NortheEastern Region - West Mampurusi)

KE-NC1 Kenya non-certified organic site (Muranga)

KE-NC2 = Kenya non-certified organic site (Machakos)

KE-C = KKenya certified organic site (Kirinyaga)



Assessing productivity and profitability of organic and 
conventional farming systems (whole farm)

Monetary

inputs

Physical inputs

Monetary

outputs

Physical outputs
Productivity: 

Physical outputs / 

Physical inputs

Profitability:

Monetary outputs -

monetary inputs

Seedlings

Fertiliser

Compost

Water

Pesticides

Labour

Kgs, 

Litres, 

etc

Costs Revenue

s

Materials and methods



11

❖ In 4 case studies (2 in 

Ghana and 2 in 

Kenya)Overall, no 

significant differences in 

yields and gross margins 

between organic and 

conventional 

smallholder farmers

Source: Schader et al. 2021, Global Environmental Change

❖ In one case study –

Kirinyaga, Kenya:Both 

yields and agricultural 

incomes were 127-

308% higher in organic 

farming

Results: Productivity and profitability (whole farm)
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Organic performs better in terms of:

• Species diversity (+26%)

• Land degradation (+24%)

• Greenhouse gases (+22%)

• Energy use (+20%)

• Waste reduction & disposal (+18%)

Source: Bandanaa et al., (2021)

Conventional

Organic

Results: Sustainability of organic and conventional cocoa farming  
in Ghana
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Case Study 2: Long-term systems comparison trials

2007 – 2020: Kenya, Bolivia, India



Long-term Experiments I
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• Running since 2006 at Chuka (Tharaka Nithi) and Thika (Murang’a county)

• Randomized Complete Block Design with four farming systems

Chuka Thika

1500 – 2400 mm rainfall 900 – 1100 mm rainfall

Humic Nitisol Rhodic Nitisol

Altitude1500 m a.s.l.; Mean temperature ~20 °C

https://systems-comparison.fibl.org/



Long-term Experiment II
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System Approach Fertility mgt.

N

(kg ha-1)

P

(kg ha-1)

P&D

mgt.

Water 

mgt.

Conv-Low Small-scale, home 

consumption and local 

market

Organic & synthetic fertilizer 45 60 Synthetic Rainfed

Org-Low Organic fertilizer 45 60 Bio-Pesticides Rainfed

Conv-High
Commercial, domestic

and export markets

Organic & synthetic fertilizer 225 286 Synthetic Irrigation

Org-High Organic fertilizer 225 286 Bio-Pesticides Irrigation

Season 1st 2nd 3rd 4th 5th 6th
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Results: Productivity of Organic and Conventional system

Bautze et al., forthcoming

Yield Gap: Maize & Baby corn (-10 to14) similar;  Maize intercrop ( -44 to -14); French beans (-61 to 16)



Results: Sustainability of organic and conventional farming systems

Annual Runoff loss in Conv-High was 1.5 

times > in Org-High 

Annual sediment loss in Conv-High 

was 1.9 times > in Org-High 

Vegetable and maize cropping systems lose 17.33 and 7.11  kg/ha NPK  per season through 

runoff and sediment loss. But the average NPK input in farming systems per annum in SSA is 

about 16 kg NPK /ha. 

Adamtey et al., forthcoming
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System or AE 
approach

Input 
substitution

Adamtey et al. (forthcoming)

❖ N, K, Ca, Mg, B, Zn, Cu in Org-

High > in Conv-High, Conv-

Low, Org-Low

❖ P and Fe in Conv-High > in 

Org-High, Conv-Low, Org-Low

❖ Mn was similar for all the

systems

Results: Sustainability of organic and conventional farming systems
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❖ The yield gap between high or low-input organic and conventional systems is

insignificant and depends on crop type and management practices

❖ High and low-input organic system is more sustainable than their conventional

counterpart.

❖ Both conventional and organic low-input system needs improvement to be more

productive,  profitable, and sustainable.

❖ Organic production is knowledge-intensive but when farmers are capacitated, they perform 

well and adapt to contexts.

❖ Can Organic Agriculture Feed the World? Yes, it also has the ability to

save the soul of our soil, which is heavily degraded

Conclusion



SOCIO-ECONOMIC

• Subsidy, fair price for organic and resource rights

• Clean environment and health/safety standards

LANDSCAPE-SCALE

• Protection and restoration of

biodiversity and ecosystem services

• Collaborative management & planning 

to ensure socio-economic and cultural 

values

28 March 2023
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PLOT/FIELD LEVEL

Intercropping & polycultures

Minimum/no-till

Crop/Livestock/integration

Companion cropping 

Composting

Cover cropping/Green manuring

Crop residue retention

Irrigation/ moisture

conservation

Host (manipulation)
-DFS
-companion cropping
-resistant crop varieties

Pests
Management
IPM 

Environment)
No control

Pest 
incidence

Recommendations

Competition in DFS
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Thanks!



Materials and methods: (3/3): Data analysis
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(vi) Radar graphs to show the level of sustainability performance of organic & conventional farming

(i)  The SMART farm-tool (MCA) was used to model the performance (327 indicators)

(ii) It allows for the assessment of the level of goal achievement of SAFA sustainability goals

(iii) Due to different scales of indicators, it is normalized (Scale: 0-100%)

(iv) Degree of goal achievement scale ranges from 0-100%

(v) 0% >> farm which does not take any action to foster sustainability

100%>> the respective sustainability goal have been fully achieved

Joseph Bandana, 07.07.2021

Sustainability of organic and conventional cocoa farming in Ghana


