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» Background

Global challenges

Small-scale - — =

. Y Smallholders (<10 ha) manage 80%
Degradatlon & of the farmland in Sub-Saharan Africa

" Q : and Asia, supplying most of the food
i in these regions.
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» Background

Focus on research in Global North, eg soil fertility

P Meta-study on soil carbon with 74 global comparative studies

Source: Gattinger et al. 201 2.

» FiBL long-term DOK trial proved higher top
soil carbon values for organically farmed

V.4l yeaks w4l years

. : O Jo s B ] ntegrated
soils compared to nonorganic ROy M T
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» Background

SysCom

Long-term Farming Systems Comparisons Trials in the Tropics

ProEcoAfrica/ OFSA

Productivity, Profitability and Sustainability of Organic and Conventional Farming System:s:
comparative analyses in Sub Saharan Africa

» What is the contribution of organic agriculture?

SysCom %)K'f?fc
Kenya

SysCom
Bolivia

Maize/
* Vegetables
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Content

SysCom

» Soil Fertility

» Biodiversity

» Productivity & Profitability

ProEcoAfrica/ OFSA:

» Adoption of organic practices by farmers
» Productivity & Profitability
» Contribution to sustainable development

Conclusions
» Contribution of Organic Agriculture in the Tropics to Sustainability?
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» Long-term experiments

On-station tri
India

FiBL
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» Long-term experiments

On-station trials
Kenya

Chuka Terrace boundary
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» Long-term experiments

On-station trlals

Bolivia

FiBL

www.fibl.org

Treatments:

* Conventional, monoculture

*  Organic, monoculture

¢ Conventional, agroforestry

¢ Organic, agroforestry

*  Organic, successional
agroforestry

* Fallow

1 U T | [ - J
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RESULTS FROM LONG-TERM EXPERIMENTS (SYSCOM)
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» Long-term experiments

Soil fertility

» Soil organic carbon

Soil carbon change (2007-2017)

20-

—
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1 1233
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i

—
Conv. Org Conv Org
Low input High input

» Soil carbon in organic is higher in High Input systems compared to conventional
(soil depth 0-20cm)

P Soil carbon is lowest in organic Low Input systems
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» Long-term experiments

Soil fertility

» Soil organic carbon

Soil carbon change (2007-2014)

2007 m2014
0.8

g 0.7 I

20 0.6 [

S oe I |
0.4

Biodynamic ~ Organic Conv. BT-Cotton

» No significant change in soil carbon in conventional systems

P Significant increase of soil carbon in organic systems — higher soil fertility

Application of manure: Conv. and BT: application of farm yard manure (conv 5 t every second year, plus NPK ; organic 8 t every year

FiBl— www.fibl.org
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» Long-term experiments

Soil fertility

» Soil organic carbon

Soil carbon stocks (2015; after 6 years)
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Carbon stocks (t ha")
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o

Agrofestry - ,Monoculture

Conv. Org Conv Org
Monoculture Agroforestry

P Soil carbon in agroforestry and in organic systems is
higher compared to monocultures / conventional

(soil depth 0-10cm)
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» Long-term experiments

Biodiversity Conservation

» Earthworm biomass

Density of earthworms during cotton season (per m?)

120
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60 L O.’E

40 s 8tCorv

20

Earthworm biomass (Xage differemxe )

2017 2018

» Density and biomass of earthworms in organically managed soils much higher.

P Earthworms contribute to soil stability and fertility

*
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» Long-term experiments

Biodiversity conservation

» Termites

Diversity and abundance of termites (3 seasons per plot)
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Conv Org Conv Org Conv Org Conv Org
Low High Low High

» More diversity and abundance of termites in organic high input production system

P Termites contribute to soil stability and fertility

.
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» Long-term experiments

Biodiversity conservation
» Birds

Species richness of birds

d u“hm-

T

Species richness
2
4

Co'nv Org Conv Org Fallow
Monoculture Agroforestry

P Agroforestry production systems have higher species richness of bird species
compared to monocultures.

P Agroforestry is lower compared to fallow (secondary forest) of the same age.

.
F 1 Bl- www.fibl.org Source: Naoki et al. (2017) | 12 March 2019 I5




» Long-term experiments

Yields

» Crop yields in high input systems

Annual average yields (2007-2017)

(L)

>N

o
\V4

Yield (t ha™)

Conv Org Conv Org Conv Org
Maize Potato  Green beans

P Maize yields similar in conventional and organic.

P Potatoes and green beans yields are lower in organic (— pest and diseases!)

.
F I BL www.fibl.org  source: Adamtey et al. (2016) & Bautze et al. (unpublished) 12 March 2019 16



» Long-term experiments

CropYield development

» Variation over years

Crop yield development (2007-2019)

Cotton Soybean
6000: 6000¢ e o
- — Org -~ Bt-Con

4000} 4000}

2

g |

'.g -

& 2000} 2000} - / A

P Yields vary substantially over the years

P Long-term experiments reflect the more realistic picture

Fi Bl- www.fibl.org 12 March 2019
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» Long-term experiments

Productivity & Profitability

» Crop yields and economic differences

Annual average yields (2008-2014) Annual average gross margin (2008-2014)
WBD WOrg »Conv WBt-Con
4500 70000
1500 =
< 50000
- 3000 -4
i 2500 %« et
1 2000 & 30000
. ;2000
1000 g
500 O 10000
0 0

Cotton Soybean Wheat Cotton Soybean Wheat

P Cotton and wheat yields lower in organic, soybean yields equal

» Organic production systems can have equal or higher gross margins

FiBl— www.fibl.org 12 March 2019 18




» Long-term experiments

Return on Investment

» Return on investment

Return on investment (2008-2014)

EBD mOrg mConv mBt-Con

=
o

P Organic production systems have

higher Return on Investment

» Organic production is highly relevant
for resource poor farmer

© B N W » U1 O N 0 ©

Cotton Soybean Wheat
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» Long-term experiments

Yields

» Crop yields

Cumulative crop yields (2010-2017)

30000+
"= 20000-
o ] avocado, achiote, araza, cassava,
= coffee, copazu, curcuma, ginger,
el hibiscus, maize, peach palm, pigeon
-;': 10000+ = pea, pineapple, rice, tannia
5.'11_:,?‘"‘;'7 2 EZ3 Banana & plantains
0' R | 1 Cocoa

Cc;nv Org Conv Org SAFS
Monoculture Agroforestry

» Higher cumulative yields in agroforestry systems.

» Organic monocrop systems with lower yield compared to conventional monocrops.

Fi Bl- www.fibl.org 12 March 2019 20



» Long-term experiments

Profitability & Profitability

» Revenues and costs of a young plantation (initial 5 years)

Revenues (in US$) Costs, without labor (in US$)
< 25007 3 Cocoa __2500
-4 2000 S 2000
'.'“ >
£ 1500 ‘:'“ 1500
@ £
o 1000 & 1000 T
S %)
P e P o i
) o
m 0 T 0 - 1
Conv. Org Conv Org Conv Org Conv Org
Monoculture Agroforestry Monoculture Agroforestry

» Revenues from cacao higher in monoculture comparted to agroforestry.

» Revenues from by-crops in agroforestry overcompensate lower cocoa yields.

P Costs lower in agroforestry and organic systems: less fertilizer, less/no herbicides.

L
F I BL WWWfIbIOf'g Source;Armengot et al. (20 | 6) 12 March 2019
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» Long-term experiments

Return on Labor
» Average of 5 years in young plantation (2010-2014)

Return on labor (US$ per day)

e
o N
abiiad

Return on labour ($ day "' ha™)
o
|

Conv. Org Conv Org
Monoculture Agroforestry

» Higher Return on labor in Agroforestry Systems

P Exceeding national poverty line of 1.90 US$ day-' (World Bank)

» But below minimum salary in Bolivia (8.7 $ day™')

™
F I BL www.fibl.org Source:Armengot et al. (2016) 12 March 2019 22



» Long-term experiments

Nutrition potential

» Calories of yields of the different crops

Average calories per yields (2010-2017)
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Conv Org Conv Org SAFS
Monoculture Agroforestry

» Higher calorie production in agroforestry systems

» More diverse nutrients in agroforestry systems

FiBl— www.fibl.org 12 March 2019 23



» Long-term experiments

Resource use efficiency

» Renewable and non-renewable energy input

Average energy input (2010-1014)

400007 1 Non-renewable E= Renewable
—~ 30000- s
20000 __ |
S
10000+ R
O- : e
Conv Org Conv Org
Monoculture Agroforestry

» Non-renewable energy inputs substantially higher in the conventional systems

FiBl— www.fibl.org 12 March 2019 24



» Long-term experiments

Climate mitigation potential
» Above ground carbon (AGC)

Above ground biomass 2015 (after 6 years)

Above ground biomass 201 | (after 2 years)
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Cc;nv Org Conv Org
Monoculture Agroforestry

Conv Org Conv Org
Monoculture Agroforestry

P Agroforestry systems has higher carbon mitigation potential then monoculture

[ ]
F 1 Bl- www.fibl.org Source: Schneidewind et al. (2018) | 12 March 2019 25
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Results from smallholder farms

2011 High level Decision on Organic Agriculture (OA) -
by African Union (AU) Heads of States and Government

(AU Council Decision on Organic - at the 18t Ordinary Session, 24-28 January 201 |, EX.CL/Dec.621 (XVIII)

* Mainstreaming OA into national agricultural systems by 2025

* Ecological Organic Agriculture (EOA) - initiative in response

Pillar
5

FiBI— www.fibl.org
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ProEcoAfrica/ OFSA - key research questions

* For organic and conventional smallholder farms, with
respect to:

*  Productivity,

* Profitability,

* Sustainability,

|. What are the determining factors!
2. What are the key differences, if any!?

3. How can farmers improve performance!

Comparions based on farmers’ practices: >2,000 farms
since 2014

Fi BI- www.fibl.org 12 March 2019 28



Case study locations and reasons for selection

* Existing comparable organic and conventional farms

* Organic farms (23 years under organic)
* Certified and non-certified

* 6 entry organic crops from 7/ sites

Uganda
“Coffee” Case
Ghana Study Sites
“Onion”
Case Study Kenya
“Macadamia” Case Study
“Cocoa” “Mango” Case Study
Case Study

“Cabbage” Case Study

FiBL www.fibl.org
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Ghana . Ugada ~__ Kasese and
' mwerEmesEs North-eastern Region JEENSRESSEN Il

2 » Onion — non-certified
Semi-arid zone
398 farmers (23% F)

g = * Coffee — certified
i Fair Trade, Fair
Trade Organic
Humid zone
362 farmers

(50.2% F)

oW

Kirinyaga

* Macadamia —
certified

* Humid zone

» 282 farmers

. (23% F)

Ashanti

 Cocoa — certified

* Humid zone A Machakos

* 399 farmers (44% F) 4 © Mango —non-
certified

e Semi-arid zone
= Bt : N 296 farmers
557 O ans ThE__ 3 . T - Y W (50% F)
R >, :
FlBl— www.fibl.org Muranga 30
* Cabbage — non-certified, Humid zone, 294 farmers (62% F)

Sheema (OFSA)



Farm and field area measurements — GPS

“abba e’ site

“Macadamia’ site ‘““Mango’’ site

Average farm sizes:
* Ghana —2.83 to 3.22 ha
* Kenya — 0.48 to 1.05 ha

FiBl— www.fibl.org 12 March 2019 31



Modelling of productivity & profitability —
ProEcoAfrica (whole farm)

Seedlings /TR R Kgs,
Fertiliser % Pr.oductlwty: h Litres,
Compost /‘: Phy5|c.al oytputs/ ate
Water = | (Y Ph [pLEss »m
Pesticides | ﬁ? > =
Labour TV Rl e

Profitability:
Costs Monetary outputs § Revenues
FiBl— www.fibl.org 12 March 2019 32



ProEcoAfrica data collected for 5 seasons (2014-17)

. v ‘g \ ‘Eﬂ |
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OFSA data collected once per site




Farming systems re-classification taking into
account the actual farm management

Initial farm categorisation (for farm sampling)

Organic Non-organic / Conventional
v 9
o -2
25 O-O C-O
= < o 0 5 0 5
s> Z Recruited as organic. Recruited as conventional
é;' 2 No prohibited inputs reported No prohibited inputs reported
oo
o £
S 3 O-C C-C
S O Recruited as organic Recruited as conventional
S S : S : G
a3 > Used inputs prohibited in Used inputs prohibited in
2 : :
= organic organic

Some of the reasons for practicing organic
* Health, profitability, market access, conviction of benefits

F i B I- www.fibl.org
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Top 10 crops based on land area occupied in ‘Cabbage’
Case Study (Kenya)

; Cabbage site
* Tea dominant. 100 g Crops
75 Arrow roots
* No major | B [ ] Avocados
differences, but >0- 3 [ Cabbages
C-C f ’ 8 5. % - Field/ Common beans
-C farmers < B Irish Potatoes
seemed to have a O- ] Kale
> land under g 100 = Ez';:f;;:s
tea. 3¢ 7/5- [ ] Plantain
50_ 5 - Tea.
* Farm cropping 75 o [ Other Crops
characteristics 0
are quite ' e . . .
- CcC-0O O-C O-0
comparable.

FiBl— www.fibl.org

Schader et al., in preparation; preliminary results, do not cite




Females tended to constitute a > % of the O-Os

Cabbage site Cocoa siteMacadamia sit Mango site Onions site ...

1 00-
75 -
50 -
25
O

% of farmers

=176 107 175 223 67 209 157 139 93 305
Female Male Female Male Female Male Female Male Female Male

Gender of Farmer

Site differences
* 0O-O % highest in Macadamia site - both females and males.

* Farming system differences

* Females constituted a > % of the O-O farmers in all sites.
 Shift in practices: C-O and O-C.

Category
C-C
[]c-O
[]O-C

[ ]O-O

F 1 B l- www.fibl.org Schader et al., in preparation; preliminary results, do not cite




Guidelines for Sustainability of Agriculture and
Food Systems (SAFA)

GOOD GOVERNANCE
ACCOUNTABILITY [@ W] |W]
PARTICIPATION [ suotolderniahopue | [ GrevanceProcedrss | M}
RULE OF LAW [ tsgtinacy | [ Pomedy Restration s @ W
HOLISTIC MANAGEMENT \ Sustalaahility Managemest Plan Foll-Cost Accounting

* 4 Dimensions

,“l £ ENVIRONMENTAL INTEGRITY
- ": .J ATMOSPHERE | Greeahouse Gases ] ' Air Quality
,‘ : - :— .
“ ‘ WATER Water Withdrawal ] I Water Quzlity | el I Ies

[ LAND Soil Quality | Land Degradation
o e —— R ——
‘ BIODIVERSITY | Ecosystem Diversity | | Species Diversity | Genetic Diversity
\ MATERIALS AND ENERGY Material Use | Energy Use | Waste Reduction 8 Dispesal |

T et M
| ANIMAL WELFARE _ AaimalHiealth || Fresdom fram Stress 1 5 8 S u b —th e m e S Wlth
; ¥ ECONOMIC RESILIENCE [ of e . .

INVESTMENT Intersal Investmest | [ Commanity Investment | | Loag-Ranging Investment [ Profitability s u Stal n a b I I Ity O b] e Ct I ve S
VULNERABILITY g‘;ﬁ’i‘;’m"’: Stabulity of Supply | | Stability of Market Liguidity [ Risk Managemest
I PRODUCT QUALITY & INFORMATION Food Szfety Food Dnulny ] | Product Information J

[ LOCAL ECONOMY Value Creation Local Procurement
Sa SOCIAL WELL-BEING

‘j\ \ "_" DECENT LIVELIHOOD Quality of Life Czpacity Development | Fair Access to Means of Production
i FAIR TRADING PRACTICES Responsible Beyers ‘ Rights of Supplers
| LABOUR RiGHTS Enploymest Relations | | forcedLabosr | | chaglabour | | FgmE e o
‘ Equity Non Discrimination ' Gender Equality ] an[?q"gggrgn?‘:npla
‘ HUMAN SAFETY & HEALTH Warkplace Safety aod Health Provisions ‘ ‘ Public Health
| CuLTURAL DIVERSITY Indigenous Keowledge ‘ i Food Sovereignty
\ SUSTAINRZILITY ASSESSMENT OF
FOOD AXD AERICLETIRE SYSTEMS
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Good Governance

s

GOOD GOVERNANCE

(i —m—

. GOOD GOVERNANCE
_ : CORPORATE ETHICS Mission Statement Due Dikigence
= od ACCOUNTABRLITY Holistic Aedits Respansibilry Transparency
PARTICIPATION Stakeholder Dislogus Grigwance Procedures Ceaflict Resalstien

RULE OF LAW Legitimacy I Wm"” & Civic Responsibility l Reseurce Appropriation

(romcros e
o o

: SOCIAL WELL-BEING
éq 4y ). DECENT LVELIH00D | Quaityof e | | CopacityDevelopment | | Fa Acess o Means of Productien |
v [ FAIR TRADING PRACTICES I Respansible Bayors [ ] Rights of Suppliers [
TR
[ [ o [ Oy [ e
| HUMAN SHFETY & HEALTH | Workplace Safety sod Health Provisions | | Puslic Hoalth |

[ CULTURAL DIVERSITY [ Indigenous Ksonledge Food Sovereigaty |

FiBI— www.fibl.org
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Environmental integrity

GOOD GOVERNANCE
CORPORATE ETHICS

—

Y { ACCOUNTABAITY

Sabedelter Dialagse

RULE OF Law | imgtiracy “”;| v Reasnsilabty | ll;mw-\
l HOUSTIC NANAGEVENT Snnmu_.luu_p,!hu I L Vali-Cast km |
2 > ENVIRONMENTAL INTEGRITY
?“f
.,.t; { ATMOSPHERE Greeshouse Gases Air Quality
~ . S — —
< | WATER Water Withdrawal Water Quality

LAND Soil Duality Land oei(.dm

BIODIVERSITY Ecosystem Divarsity Species Diversity J \Anehc Diversity

MATERIALS AND ENERGY Material Use Energy Use ] Waste l\oductlon & Disposal

ANIMAL WELFARE AnimziHealth Freedom from hﬂss

) © [ SoCiaL WELL-BEING §
‘ﬁxmwnmn ‘_ Qualky of [y ' Copecty Dowsopment || T Ao 3 Weaes . . . .
| — N e | SAFA sustalnabllfty objective fot
- T .| the “Water Quality’’ sub-theme:
| UBm R ot s | [ fomaiob | | coseiam | | IR
| EQuITY | Mon Biscrimination lg.w(w, 1 L
e ——— e —————— “The release of water pollutants is
] BUNAN SAFETY & SHEALTH | Werkplaco Safuty and Ssaltd Pravivons | Putile Svalts . )
prevented and water quality is
| CATURM DVERSTY | saig Aeowinege || Toee Sarmgrhy .
. restored”.
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Process flow SMART Farm Assessment

O A

- Animal
E'nﬁ{hmng husbandr
allgemeine Infos
Profitability
Tour of — Plant
the S production
premises
Agricultural
area

Interview

Farm Survey Analysis Evaluation
(appr. 2-3 h)
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On farm data collection

RS =N
i ”‘1 =i

“Ff =

=%

= T

\
.-
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Performance of Arabica coffee farms in Uganda with
respect to SAFA sustainability themes

Fair Trading ~ A\ P oo
Practices : —

Arabica
Conventfional \

Decent o . 1

.
FIBL www.fibl.org 12 March 2019 43
Source: Ssebunya et al 2019 |




Performance of Arabica coffee farms in Uganda with
respect to SAFA sustainability themes

-

y

| Labour Rights
J
f
{
|

"""""""

Fair Trading

Arabica
Conventional

= = = Arabica
Organic/FairTrade

L ]
F 1 BI- www.fibl.org 12 March 2019
Source: Ssebunya et al 2019
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Performance of Arabica and Robusta coffee farms in
Uganda with respect to SAFA sustainability themes

Human Safety
and Health

s Robo05102

Conventional . ' Labour Rights

= = = Robusta _ - :
Organic/FairTrade Fa¥.tackig - N/ =

Practices

Arabica

Conventional Decent

- = = Arabica

Crganic/FairTrade
Economy

and Information

.‘ Materials and Energy

Animal Welfare

L ]
F 1 Bl- www.fibl.org 12 March 2019 45
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Sustainable Development Goals (SDGs)

NO 1 600D QUALITY GENDER CLEAN WATER
POVERTY HEALTH EDUCATION EQUALITY AND SANITATION

lﬂi

GOOD JOBS AND INNOVATION AND R[DUC[D
ECONOMIC GROWTH INFRASTRUCTURE IN[OUMIIIES

1 CLIMATE 1 LIFE BELOW PEACE AND 17 PARTNERSHIPS
ACTION WATER JUSTICE FOR THE GOALS

[
'z THE GLOBAL GOALS

For Sustainable Development

3 2
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Linking SAFA and SMART to SDGs

T

T

/ = 4aimensio}hs4
17 goals T NS
s S Da st 21 themes N\
\_ N\
~ 169 targets G S AN
£ — \ AN
: o \, 58 subthemes \
230 (global) indicators N\ e ' .
341 (SMART) indicators N\

Comparison at these levels offers a manageable and informative degree of differentiation

Fi Bl- www.fibl.org 47
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Contribution of conventional and organic coffee
farming systems in Uganda to the SDGs

.I I.I.l

FiBL

www.fibl.org

. |

= Arabica Conventional

= Arabica Organic/Fairtrade
Robusta Conventional
Robusta Organic/Fairtrade

Based on Ssebunya et al. 2019



» Long-term experiments

1 %vmv

Conclusions:

No silver bullet

Organic agriculture has large potential to contribute to
sustainable development

* Soil fertility

* Biodiversity Conservation

* Productivity & Profitability

For full exploitation major efforts are needed to tackle:

* Agronomic/ technological challenges (lack of input, pest management)
* Capacity development for farmers (technical know how)

* Institutional/governance challenges (markets, agri-business)

* Policy challenges

Fi B I- www.fibl.org 12 March 2019 49



» Long-term experiments

Sources
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EOA Pillars (https://eoai-africa.org/)

Research, Training and Extension
Value Chain and Market Development
Networking and Partnerships

Policy and Programme Development

Institutional Capacity Development
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» Long-term Experiment (LTE)

Bolivia
Full sun system Agroforestry system Successional agroforestry
(Monoculture) system
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» Sara Ana, Bolivia 2008/09 — 8% year of grow of cacao in 2017
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