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REV1

12 Feb
2024

Paragraph EXECUTIVE SUMMARY

The text was modified as follows:

“The full module of the baseline survey, as well as a detailed report on the survey
outcomes and also more detailed reports on the experimental activities of the partners
most involved in the task, have been reported in Annexes I-1V. Annex V provides a
comprehensive table detailing all experiments, including their start dates, anticipated
end dates, and expected overall durations (expressed as number of experimental
seasons).”

Annex V is therefore included in present version of D2.11.

REV?2

05 Mar
2024

Paragraph CONCLUSION

The following text has been added at the end of the CONCLUSION paragraph:

In conclusion, across Sierra Leone, Burkina Faso, Tanzania, Kenya, Ghana, and
Burkina Faso, preliminary findings highlight successful agri-livestock integration
models. Common threads include the positive impact of organic manure on crop
yields, improvement in forage resource management, and the potential of combined
organic and inorganic fertilization for enhanced productivity. A more comprehensive
evaluation of the circular economy systems tested will be provided when data on
economic aspects will be processed.

ANNEX 11
Paragraph 1. Analysis of farmers” knowledge on the valorisation of crop residues in
the diet of domestic ruminants and the production of organic manure (page 7)

The text was modified as follows:

The cattle breeders in this study are also engaged in cotton farming, leading to a
highly diversified living standard. To capture this diversity accurately, it was essential
to stratify them into homogeneous sub-groups. Thus, in addition to the common
survey analyses on agri-livestock integration, whose results were reported in Annex
IV of this deliverable, the Université NAZI BONI and the Institut de I'Environnement
et de Recherches Agricoles selected four of the villages from those where the
interviews were conducted (Béréba, Wakuy, Dohoun and Sara) belonging to FFRU
A, where they deepened the agro-zootechnical investigation with semi-structured
interviews from which to obtain a stratification of the farmers useful for the designs
of the trials. Proportional samples were selected from each sub-group based on its
size. Subsequently, all sub-samples were combined to form the final working sample.

862848
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This meticulous process ensured that the collected data during the investigation
accurately reflected the diversity inherent in the population.

Cotton yield was chosen as a reliable indicator of this diversity, being the sole
dependable data employed for the stratification. This deliberate choice was made to
enhance the robustness of the study by utilizing a comprehensive and trustworthy
measure.

ANNEX V

The footnotes of Annex V have been corrected as follows:
“862848 D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX V”

The following note has been integrated at the end of the table:
* As already indicated in the body of D2.11, some of these activities have also been reported
in D2.8, given that the activities of ST2.2.2 and T2.3 partially overlap.

862848
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EXECUTIVE SUMMARY

This deliverable reports the first results on the activities carried out within the task 2.3 that are focused
on the analysis of an integrated system of agricultural production whereby crop and livestock interact
to create synergy with recycling allowing the use of available resources. In this system crop residues
are used for animal feed, while livestock and livestock by-products production and processing are used
to enhance agricultural productivity by intensifying nutrients that improve soil fertility and at the same
time reduces the use of chemical fertilizers. In the task 2.3, the overall goal is to investigate on how this
integrated crop-livestock system can be operationalized at FFRU scale, which are the challenges and
the benefits for adoption, and to determine the relevance of this system in terms of food security and
soil fertility in smallholder farms in sub-Saharan Africa.

After an introductory overview on the state of the art related to this topic, the characterization of the
study areas within the project countries and the FFRUSs is reported.

Subsequently, the methodologies concerning the design and administration of the baseline surveys and
the experimental activities in the field are described, followed by an overview of the preliminary results
obtained.

The full module of the baseline survey, as well as a detailed report on the survey outcomes and also
more detailed reports on the experimental activities of the partners most involved in the task, have been
reported in Annexes I-1V. Annex V provides a comprehensive table detailing all experiments, including
their start dates, anticipated end dates, and expected overall durations (expressed as number of
experimental seasons).

862848 D2.11 - Preliminary Report on agri-livestock integrated management 9
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INTRODUCTION

Growth in demand for food products all over the world is rising at a fast rate due to increasing
population, urbanization and sustained rise in per capita income (Kayode Baiyeri et al., 2019). Thus,
the world is under enormous strain to reduce food insecurity, soaring food prices and deepening poverty
and this is particularly true for African countries and for smallholder farmers in sub-Saharan Africa
(Mkuhlani et al., 2018). Crop-livestock integration was recognized since decades as a highly promising
system able to improve sustainability of smallholder mixed farming systems (e.g., Wolmer, 1997)
having the potential of intensifying the interaction between crops and livestock in a single farming unit
in order to improve the combined productivity of the individual components of the system and minimize
use of external inputs (Sempore et al., 2016; Williams et al., 1999). It is as an integrated system of
agricultural production whereby crop and livestock interact to create synergy with recycling allowing
the use of available resources. In this system crop residues are used for animal feed, while livestock and
livestock by-products production and processing are used to enhance agricultural productivity by
intensifying nutrients that improve soil fertility and at the same time reduces the use of chemical
fertilizers (e,g., Singh et al. 2011; Mkuhlani et al., 2018). Moreover, livestock provide also draught
power that it is crucial in very poorly mechanized farming systems.

Mixed crop-livestock production systems are common in many sub-Saharan African countries but these
systems have been poorly integrated so far. Low integration has been attributed to increased land
pressure, poor markets, limited ease of practice. Such farming systems also demand more labor in
manure handling, initial capital investment and also potentially lead to conflicts, competition for
resources and land degradation if poorly managed (Mkuhlani et al. 2018 and references therein).
Another crucial issue that has hindered a real integration of crop and livestock production systems is
the lack of know-how that should couple knowledge on both crop and livestock (e.g., Kindu et al.,
2014). The major challenge being lack of demonstrated knowledge and potential of crop-livestock
integration in smallholder setups in understandable and measurable form such as monetary value. In the
Ewa-belt project, the crop-livestock integration is demonstrated within the FFRUs at smallholder scale
with the aim to showcase how this system can be operationalized, which are the challenges and the
benefits for adoption. A full integration of crop and livestock production systems is being tested in
particular in Sierra Leone and Burkina Faso FFRUs, while in the other African countries involved the
trials are focused in the application of organic fertilizers from different reared animals and the impact
on cropping systems is assessed.

The overall aim in the case of Sierra Leone and Burkina Faso trials is to optimize farming management
strategies in order to enable farmers to valorise products and by-products both from crops and livestock
components producing mutual benefits and, thus, enhancing the overall farm profitability. This will also
improve the sustainability of the entire production system that could lead to improvements on the
socioeconomic and environmental perspectives of the farmers and the wider rural communities.

862848 D2.11 - Preliminary Report on agri-livestock integrated management 10
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METHODOLOGY

1. Characterization of the study areas within the project countries and the FFRUs

Like the other field activities envisaged by the project, also the investigation related to Task 2.3.
Improvement of agri-livestock integrated management takes place within the Farmer Field Research
Units (FFRUs). The FFRUSs are in fact the platforms where the participatory multi-actor research
approach take place. They can be described as “a space for learning and research where it is possible to
carry out an active and constant interaction and collaboration between researchers and stakeholders
linked to the agricultural supply chain”. Within the FFRUSs, researchers, farmers, extension services and
professionals can exchange and integrate knowledge, experimenting directly and practically in the field
a wide range of issues. Flexibility and autonomy in the choice of the criteria to identify the FFRUs have
been left to each partner, due to the differences in context and situations of each country and areas. In
some cases, the FFRUs correspond exactly with a case study area where tests and experiments are being
carried out, in other cases a single FFRU includes more than one district and related case study areas

(Table 1).

Table 1. FFRUs and case studies per partner in each of the project countries

Country Partner FFRU’s  District/Village Region of the country
Burkina ACRA FFRU-A* Sideradougou* Région des Cascades™
Faso FFRU-B  Zhorgo Plateau Central
FFRU-B  Mogtedo Plateau Central
FFRU-C Léo Plateau Central
FFRU-D  Loumbila Plateau Central
UNB&INERA FFRU-A  Béreba Hauts- Basins
Dohoun(village), Hauts- Basins
Houndé (District)
Wakuy Hauts- Basins
Sara Hauts- Basins
FFRU-B  Bondoukuy Boucle du Mouhoun
Kari/Kamendéna Boucle du Mouhoun
Bokuy** Boucle du Mouhoun**
Soukuy** Boucle du Mouhoun**
Massala** Boucle du Mouhoun**
Ghana KDC&CSIR-SARI FFRU-A  Talensi Upper east
Nabdam Upper east
West Mamprusi North East Region
Savelugu Northern Region
Sierra UNIMAK FFRU-A  Falaba North
Leone FFRU-B  Port Loko North West
FFRU-C  Tonkolili North
FFRU-D  Koinadugu North
FFRU-E  Kono North
862848 D2.11 - Preliminary Report on agri-livestock integrated management 11
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FFRU-F  Bombali North
Kenya KALRO FFRU-A  Kakamega- Mumias East Western Kenya
Bungoma- Bumula Western Kenya
Busia Western Kenya
UoN Karachuonyo Homa Bay County
Nyakach Kisumu County
Ethiopia JU FFRU-A  Omonada South-west Ethiopia
FFRU-B  Jimma South-west Ethiopia
FFRU-C  Kersa, Tiro-Afeta South-west Ethiopia
FFRU-A  Meskan South region- Intermediate
HU highland
FFRU-B  Wulbareg South region- Intermediate
highland
FFRU-C  Damote gale South region- Intermediate
highland
FFRU-D Hula Sidama Highland
Tanzania NM-AIST, ICRAF, TARI FFRU-A  Monduli Northern Tanzania
FFRU-B  Arusha Northern Tanzania
FFRU-C  Meru Northern Tanzania
FFRU-D  Same Northern Tanzania
Sierra UNIMAK FFRU-A  Falaba North
Leone FFRU-B  Port Loko North West
FFRU-C  Tonkolili North
FFRU-D  Koinadugu North
FFRU-E  Kono North
FFRU-E  Bombali North

*Due to terroristic attacks occurred in this area between December 2021 and January 2021 these
Districts are no longer safe as EWA-BELT study areas.

**Due to terroristic attacks occurred in this area between December 2021 and January 2021 these
Districts are no longer safe as EWA-BELT study areas. For the training activities and sharing events
the total of 27 farmers previously identified in these Districts will join the other groups of farmers
belonging to the safe districts of the FFRU B.

In the following paragraphs, the study areas where each partner is conducting the investigation under
Task 2.3 will be characterized. In general, as far as the farming systems are concerned, the majority the
partners are working in mixed crops and livestock system, with some operating in organic or
agroecological farming system. The characterization of the study areas where the activities of UNIMAK
in Sierra Leone and UNB and INERA in Burkina Faso, i.e. the partners carrying out the most thorough
and complete activity on T2.3, has been given in detailed in paragraphs 1.1. and 1.2. The
characterization of the study areas in which all the other partners operate is summarised in Table 2 of
paragraph 1.3.

862848 D2.11 - Preliminary Report on agri-livestock integrated management 12
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1.1. Study areas in Sierra Leone (UNIMAK)
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Figure 1. Location of the study areas in Sierra Leone (University of Makeni)

The research activities of UNIMAK are conducted within six FFRUs located in Falaba (9°39°-9°47" N,
11°33’-11°35 W), Port Loko (8°50°-8°52" N, 12°43’-12°45" W9, Tonkolili (8°47°-8°49" N, 11°38’-
11°40” W), Koinadugu (9°377-9°38” N, 11°31°-11°33" W) Kono (8°31’-8°34" N, 11°18’-11°20" W)
and Bombali districts (8°50°-9°2” N, 12°0’-12°9” W) (Errore. L'origine riferimento non é stata
trovata.) involving a total of 60 farmers (30 females and 30 males).

1.1.1. Soil, Climate and vegetation

In Sierra Leone, three-quarters of the total country area (72 million hectares) is suitable for sustainable
crop production. About 4.3 million ha are upland with low fertility and about 1.06 million ha are
lowlands with high fertility. Fifteen percent of this fertile land is being cultivated.

Lowlands are important to the small-scale farmers as they provide fertile soil and can help farmers to
continue growing for an extended period of time after the wet season. The lowlands are classified into

862848 D2.11 - Preliminary Report on agri-livestock integrated management 13
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four ecosystems: i. Inland Valley Swamps (1VS) (630,000 ha), ii. Mangrove Swamps (200,000 ha), iii.
Bolilands (120,000 ha) and iv. Riverine Grasslands (110,000 ha).
The surveyed swamps are generally 1VS and Bolilands and consisting of Oxisols soils type.

The study areas in Falaba and Tonkolili districts are characterized by brownish-grey to dark brown or
dark grey slightly acid to very slightly alkaline soils (FAO, pH 6.8-7.4) with a loamy texture. The extent
of erosion is very diverse in the area, ranging from low to high.

In Port Loko, Koinadugu and Bombali the study areas have brownish-grey to grey and dark grey (Port
Loko and Koinadugu) and brown to dark brown (Koinadugu and Bombali) very slightly alkaline to
slightly alkaline soils (FAO, pH 7.1-7.6) with a loamy to sandy loam texture and the erosion extent
ranges from low to moderate. In Kono, the soils of study areas are grey to dark-grey and brown to dark
brown with a loamy, sandy loam and sandy clay loam texture. The pH ranges from slightly acid to very
slightly alkaline (FAO, pH 6.9-7.3) and the erosion extent is from low to moderate, sporadically high.

All the study areas are characterized by a tropical savanna climate with both a wet (August) and dry
(March) season, with a mean annual temperature ranging from 25 to 27°C and average annual rainfall
below 2400 mm.

The vegetation of the districts is mainly savannas in Falaba and Koinadugu, savannas and brush
(secondary growth) in Port Loko and Bombali and brush (secondary growth) in Tonkolili and Kono. In
Koinadugu and Falaba, where you mainly find savanna vegetation cover is as a result of low rainfall (F
A O, 1100 mm) per year, whilst in Tonkolili and Kono have secondary bushes due to more rainfalls (F
A O, 1400 mm) and higher humidity per year. The soils in Koinadugu and Falaba are therefore less
acidic, whilst those in Tonkolili and Kono have higher acidity. In all the areas, the method of farming
predominantly practiced is shifting cultivation; which involves the continuous movement of the farmers
from one land surface to the other every year. This method accelerates deforestation, soil depletion
through erosion and continuous destruction of soil macro and micro-organisms that aid soil fertility
improvement.

1.1.2. Farming systems and socio-economic context

In Sierra Leone the economy is based mainly on agriculture in which about 70 % of the nation
population engaging in subsistence farming system. Farming sector contributed more than 40 percent
of GDP. The country holds resources (water, land, labour, and renewable energies supply) potentials
for increase agricultural productivity. However, there have been some backlash on sustainable farming
practices such as slash and burning farm practices, logging, poor management of soil fertility, improper
use of inorganic fertilizers, lack of improve irrigation system, proper utilization of farm wastes, and
other sustainable practices. As a result of such practices agricultural yield is low and the environment
is degraded. The above inadequacies have caused low yield per hectare per farmer in both crops and
livestock production in the country. This has consequently led to poor income returns to farmers, who
are totally dependent on their farm produce to maintain and sustain their welfare activities such as food,
education, health, transportation, housing etc. With the appropriate use of the integrated livestock and
crop method of farming approach by the small scale farmers in the same piece of land year in year out

862848 D2.11 - Preliminary Report on agri-livestock integrated management 14
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can lead to averting the adverse incidence of slash and burn method, control soil erosion, continuously
incorporate organic manure into the field of cultivation by the integrated livestock, minimize the
unnecessary loss of soil nutrient by running water etc, hence increase in the yield components of both
crops and livestock per farmer, which will surely improve on their socioeconomic status.

The research activities of UNIMAK are conducted in mixed crop livestock systems. In the study areas
major crops include rice, tubers, vegetables, cabbage, lettuce, spinach, pepper, garden eggs, etc.
cultivated within mixed crop and livestock (goats/sheep) systems.

1.2. Study areas in Burkina Faso (UNB and INERA)

The research activities of UNB and INERA are conducted at the EWA-BELT project areas located in
western Burkina Faso (Kari: 12° 17°5 9” N, 3°33’20” W, Dohoun: 11°32’37” N, 3°36’11” W and

Ouakuy: 11°40°56” N, 3°38°56”) (Figure 2).
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Figure 2. Location of the study areas in Burkina Faso (UNB)
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1.2.1. Soil, Climate and vegetation

The most dominant soils in the two provinces of Tuy and Mouhoun are Lixisols formed from granitic
materials. They are intrinsically poor in nutrients and due to their high content in sandy fraction; these
soils are characterized by poor water and nutrients holding capacity. Concerning the climate, the
province of Tuy belongs to the North Sudanese climate and the province of Mouhoun is in the Soudano
sahelian zone. These two zones are characterized by a rainy season from May to October (Province of
Tuy) and from June to October (Province of Mouhoun). Concerning the dry season (6 to 7 months), it
goes from November to May and from November to March respectively in the province of Tuy and
Mouhoun. Rainfall in the study sites ranges from 800 and 1000 mm per annum and the mean minimum
and maximum temperatures from 18 °C to 38 °C!. The landscape is characterized by hills, plains,
battleship shelfs and valleys with maximum high of 450 m.a.s.l. (meters above sea level).

The density of the natural vegetation of Tuy and Mouhoun areas is mainly composed of savannas
(wooded and grassy). The main trees species are Faidherbia albida (Delile) A.Chev., Adansonia
digitata L., Afzelia africana Sm. ex Pers., Diospyros mespiliformis Hochst. ex A. DC., Allium
paradoxum (M.Bieb.) G.Don, Bombax costatum Pellegr. & Vuill., Cassia spp., Detarium microcarpum
Guill. & Perr., Lannea acida A.Rich., Mitragyna inermis (Willd.) Kuntze, Parkia biglobosa (Jacg.)
R.Br. ex G.Don, Khaya senegalensis (Desr.) A. Juss.. The most frequent grass weeds species in
vegetation are Andropogon sp., Vetiveria nigritana (Benth.) Stapf, Diheteropogon spp., Cymbopogon
spp. and Loudetia togoensis (Pilg.) C.E.Hubb..

1.2.2. Farming systems and socio-economic context

In the study areas of UNB and INERA, all the experiments are being carried out in mixed crops and
livestock farming system. In these investigation areas as in most of the Western part of Burkina Faso,
the mixed crop and livestock farming system is based on cotton (main cash crop) and cereals (sorghum
and maize as the main food security crops) as predominant crops with various levels of livestock
integration. Cotton is mainly cultivated in rotation with cereals. In addition to crop production, most of
the householders breed cattle and use them as draft animals or for diversification of income sources in
order to improve their living standard. The study area is characterized by poor access and inefficient
use of organic and mineral fertilizers for food crops; poor level of nutrients cycling at the farm level
and poor integration of cattle breeding to crops production. All this results in soil fertility depletion and
a steady decrease in crops yields.

! https://en.weatherspark.com/ consulted on 11/05/2021
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Table 2. Characterization of the study areas where the partners KDC, CSIR-SARI, ACRA, NM-ASIT, TARI and KALRO are carrying out the research activities

related to Task 2.3

Ghana Burkina Faso Tanzania Kenya
Institutions KDC ACRA NM-AIST KALRO
CSIR-SARI TARI

Study areas KDC: Savelugu, West Mamprusi,
(Northern region - NR) Talensi and
Nabdam Distrists (Upper East
region - UE).

Coordinates: Savelugu: 9°37’ -
27°88’ N, 0°49°- 31°08" W,
Walewale: 9°55°-10°35" N, 0°35” —
1°45° W, Talensi: 10°30” — 11°00’
N, 0°00” — 1°00° W, Nabdam:
10°28’- 10°34’ N, 0°18’ - 1°0” W.

CSIR-SARI: Nyankpala in the
Tolon district (NR), WA in the Wa
Municipality and Manga in the
Binduri district (UE).

Coordinates: Nyankpala:
9°23’18.5"N, 1°0707.9”W, WA:
9°59°08”N, 2°28°04"W, Manga:
11°01°07.0”N, 0°15’52.2"W.

ACRA: Zorgho and
Loumbila or Guié
areas of the Central
Plateau
Coordinates:
Loumbila: 12°36°42”
N, 1°20°00” W;
Guié: 12°50°28” N,
1°36°03.55” W,
Zhorgo: 12°16°22”
N, 0°34°47.87” W.

NM-AIST: Ngare-Nanyuki ward located
at the slopes of Mount Meru, Arusha
Coordinates: 3°10’35” S, 36°51’35” E

TARI: Participatory on-farm trials with
farmers in Meru (Kwaugoro Village) and
Monduli (Lendikinya village) Districts,
Northern Tanzania

Coordinates: Meru District: 3°28°16” S,
36°52’39” E, 999 m.a.s.l; Monduli
District: 3°20°29” S, 36°22°49” E, 1331.8
m.a.sl.

KALRO: Mumias East and Mumias West sub-
counties (Kakamega County). Nambale sub-county,
Bukhayo westward, (Busia county). Bumula sub-
county, South Bukusu ward, falling (Bungoma
County). Coordinates: The experiment is located at
11 on-farm sites as follows: Mumias East: 0°17°37”
N, 34°33’16” E and 0°16°45” N, 34° 33" 17" E,
Mumias west: 0°12°34” N, 34°27°11” E and
0°12’59” N, 34°27°11” E, Nambale: 0°28°41” N,
34°20°0” E; 0°28°46” N, 34° 21°4” E; 0°27”47° N,
34°21°40” E; 0°27°54” N. 34°20’52” E and
0°28°50” N, 34°21’14” E and Bumula: 0°33’13” N,
34°30°16” E and 0°30°48” N, 34°29°’57” E

862848

D2.11 - Preliminary Report on agri-livestock integrated management

17



EUH2020
PROJECT

GA 862848

Linking East and West African

farming systems experience into
a BELT of sustainable intensification

it

EWA-BELT

Ghana Burkina Faso Tanzania Kenya
Soil KDC/ CSIR-SARI: Northern ACRA: Zorgho and NM-AIST: F-rich soils mostly sandy and KALRO: Topography: Kakamega County:

Ghana: Guinea savanna: soils Loumbila or Guié saline mainly made up of soda minerals Altitude: 1000-2000 m.a.s.l. Busia county: fall
generally well-drained Voltaian areas of the Central (Na), more to the N and W soils are more  within the Lake Victoria Basin, undulating
sandstone, ferric luvisol. Plateau: fertile black and red soils. Topography: topography rises from 1130 m.a.s.l. at the shores of
Topography: fairly undulating to Predominantly situated in a valley between mount Meru Lake Victoria to max 1500 m.a.s.l. in the Samia and
near flat. Sudan savanna: soils textures: sandy clay and Mount Kilimanjaro. Altitude: 1200 North Teso Hills. Bungoma County: Altitude:
from granites and lower Birrimian loam (sand 55%, clay m.a.s.l. Soil texture: clay 6.4 %, silt 18.2 1200-4321 m.as.l..
phyllites. 35%, silt 10%). % and, sandy 75.4% the soil is sandy Soil classification, texture and features:
Topography: soil over granite: Plinthosols is the loam. Soil classification: Andosols (USDA  Major soil units are: Kakamega: Nitisols, Busia:
gentle undulating with slopes of 2—  dominant soils in this ~ Soil Taxonomy); black soils of volcanic Acrisols and Bungoma: Andosols. Kakamega soils
5% with very sandy topsoil region. According to  origin; potential for agricultural have a sandy clay loam texture while Busia and
horizons. Predominant textures: the Soil Atlas of production. Concerning fertilization Bungoma soils are mostly loamy sand soils.
sand and loamy sand. Soils over Africa, these practices, it includes regularly supplied
Birrimian phyllite: associated with  Plinthosols have a with Diammonium phosphate (DAP), urea,
hilly terrains, generally rolling (10—  petroplinthic horizon  and manure fertilizers for more than 2 two
15%) and steep (>30% slope), (an iron hardpan, decades to supply plant nutrients
clayey and more cohesive than the formerly termed
sandy soils over granite. Rocky laterite) or TARI: Meru district: The soil is relatively
surfaces on the hill summits and pisoplinthic horizon fertile as it is of volcanic origin. Well-
slopes, compacted and sealed in the  (a layer containing drained dark sandy loams with favourable
lower slopes as a result of the heavy  abundant iron moisture holding properties. Monduli
textures. nodules) starting 50 District: highland zone (2000 m.a.s.lL.):
Altitude (m.a.s.l.): Savelugu: 252 cm below the surface. mainly deep, freely drained loamy soils
m.a.s.l., Walewale: 166 m.a.s.l., Topography: plateau  with natural fertility status. Flat and rolling
Talensi/Nabdam: 192 m.a.s.l., of savannahs between plains zone (altitude 600-1200 m.a.s.l,):
Nyankpala, WA and Manga 234- 198 and 305 m.a.s.l. deep, freely drained clayey soils with a
800 m.a.s.l. moderate natural fertility status.
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Ghana Burkina Faso Tanzania Kenya
Climate KDC: Savelugu, West Mamprusi, ACRA: Zorghoarea  NM-AIST: bimodal rainfall pattern with KALRO: The three case study areas are
Talensi and Nabdam Distrists: of the Central two distinct rainy seasons: Mar/Jun (long characterized by bimodal rainfall patterns with two
Northern Guinea Savanna Plateau: arid climate,  rains) and Oct/Dec (short rains). Rainfall distinct crop growing seasons. Long rains: Mar-
ecological zone. Semi-arid climate.  rainfall 450-700 mm  annual mean: 900-1000 mm. T 12-30 °C. Aug, short rains: Sep-Dec, dry spell Dec-Feb.
Annual rainfall: Apr/May-Sep/Oct:  per annum. Rainy Mean annual rainfall: Kakamega: 1742 mm, Busia:
900-1200 mm y* NR, 800-900 mm  season Jun-Oct, daily ~ TARI: Meru District: Annual rainfall: 2291 mm and Bungoma: 1102 mm Temperatures:
y! UE. Daily T: 26-39 °C NR T 24-39 °C. 500-1200 mm. Bimodal rainfall pattern: Kakamega: 20.8 °C, Busia: 21.8 °C and Bungoma
(annual mean = 32 °C), ETo: 5.7 mmd* short rains (Vuli) fall from Nov to Janand  20.3°C
39-42 °C UE. long rains (Masika) from Mar to Jun. Average ETo for Kakamega, Busia and Bungoma
ETo: 5-6 mm d* (peak) Three agro-ecological zones: the counties is 3-5 mm d.
highland/upper belt; the medium belt; and
CSIR-SARI: Nyankpala in the the lower belt. High-potential areas:
Tolon district, WA in the Wa rainfall: 1200 mm y~*. Medium potential
Municipality: Guinea Savanna areas: rainfall: 500 mm y~*. Lower belt:
ecological zone and Manga in the rises between 800 to 1000 m.a.s.l, erratic
Binduri district: Sudan Savanna and bimodal rainfall of about 300 mm y.
ecological zone. Tropical Monduli District: three climatic zones: the
continental or savanna climate. highlands, the flat and rolling plans and the
Annual rainfall: Apr/May-Oct. Rift Valley. Bimodal rainfall pattern: wet
1000- 1300 mm y*. ETo 2000 mm season Mar-May, short rains Nov-Dec.
yL. Daily T: 26-39 °C NR (annual T: 20-35 °C. Annual rainfall from < 500
mean = 32 °C), 39-42 °C UE. mm in low lands to 900 mm at high
elevations. Highland zone: cool and sub-
humid climate. Flat and rolling plains
zone: semi-arid zone with T 20°C-30°C
and rainfall: 400-600 mm y*. Rift valley
zone: arid zone with warm climate, T: 23°-
35°C, rainfall is < 500 mm y.
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Vegetation KDC: districts in both regions: ACRA: Zorgho NM-AIST: diversity of vegetations KALRO: Kakamega county hosts the equatorial
mainly grassland regrowth, closely ~ Loumbila or Guié ranging from open grassland, natural and and tropical rain forest with indigenous trees. It is
interspersed in the NR widely areas areas of the planted forests and open agricultural lands  characterized by hills and natural grassland
interspersed in the UE with several ~ Central Plateau: vegetation. Busia county has vast plains with
shrubs including short non-canopy-  Adansonia digitata TARI: Monduli District: mixed grassland vegetation. Bungoma county is
forming economic trees such asthe  L.,Mangifera indica vegetation — Forest, Bush lands, wooded characterized by forest and grassland vegetation.
shea (Vitellaria paradoxa CF L., Balanites grassland and grasslands.
Gaertn.) and dawadawa (Parkia aegyptiaca (L.), Meru District: natural forest, which serve
biglobosa (Jacg.) R.Br. ex G.Don).  Delile, Vachellia as habitat for few species of wild life such
nilotica (L.) as white colobus monkey, birds.
CSIR-SARI: northwards within the  P.J.H.Hurter &
savanna: densely wooded and Mabb., Vitellaria
vigorous grassland (Andropogon, paradoxa CF Gaertn.
spp.) together with fire-resistant and Eucalyptus
shrubs and trees. Between the camaldulensis
Guinea and Sudan savanna: Dehnh..

woodland savanna gradually gives
way to less wooded tree savanna
and grass savanna with trees and
shrubs either absent or very sparse.

862848 D2.11 - Preliminary Report on agri-livestock integrated management 20



EUH2020

Linking East and West African

PROJECT farming systems experience into "‘}' 7
a BELT of sustainable intensification 1y

GA 862848 EWA-BELT

Ghana Burkina Faso Tanzania Kenya
Farming KDC/CSIR-SARI: cereal-based ACRA: NM-AIST: maize and beans cultivation KALRO: mixed crops and livestock farming
systems agroecological, mixed crop and agroecological during the rainy season and horticultural systems: Kakamega County: farmers in UM zone
livestock and cereal/legume-based farming system production (tomato, kale, cabbage, and practice intensive maize, tea, beans and
agroecological farming systems prevalent in the onions) under irrigation during the dry horticultural production. In the LM zone the main
(AKA intercropping systems) are cooperative where season. economic activity is sugar cane production, with
the farming systems related to the case studies are some farmers practicing maize, sweet potato,
case studies of KDC. Mixed crop located, in TARI: Meru District: Highland or Upper  groundnut, finger millet and cassava production.
and livestock are the most frequent  surrounding area: belt: cultivation of coffee, pyrethrum, and Busia: Crops grown within the county include
farming systems in surrounding main frequent banana and round potatoes; Middle Belt: maize, beans, sweet potatoes, finger millet, cassava,
area coupled with some systems are cereal cultivation of coffee, banana, maize, cotton, tobacco and sugar cane. Bungoma: Main
agroecological zones for monoculture and beans, wheat, rice, fruits and horticulture crops produced include maize, beans, groundnuts,
conservation of natural resources. livestock farming crops and Lower Belt: cultivation of rice, finger millet, sweet potatoes, bananas, sorghum,
Organic and agroecological farming  (poultry and small maize, beans, fruits and horticulture crops.  Irish potatoes and assorted vegetables. Sugar cane,
system characterize the ruminants). Main Monduli District: highland zone: cotton, palm oil, coffee, tea, sun flower and tobacco
investigation sites of CSIR-SARI. cultivated crops are cultivation of both food and cash crops e.g. are grown as cash crops.
Main cultivated crops: cereals cereals (maize, maize, beans, barley and wheat. Coffee
(maize, sorghum, rice, millet and, sorghum, rice, and banana on a small scale. Livestock
to small scale, fonio), legumes, millet), legumes, keeping practiced on a moderately large
(soybean, cowpea, Bambara (soybean, cowpea, scale. Flat and rolling plains zone:
groundnut, groundnut and small Bambara groundnut,  extensive livestock keeping (cattle, goats,
area of Kerting’s groundnut), root groundnut) and a sheep and donkeys) and farming of both
and tuber (yam, sweet potato, small area of sesame  food and cash crops such as maize, beans,
cassava and frafra potatoes) and and cotton. paddy, banana and a small portion of
vegetables (alefu (amaranths), sunflower.
tomato, eggplant).
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Socio- KDC/CSIR-SARI: low and erratic ~ ACRA: NM-AIST: main economic activity: small ~ KALRO: most farmers are small scale with farm
economic rainfall, low nutrients in the soil Low access to new small-scale agriculture. The area is located  sizes between 0.1 to 0.9 ha. Declining soil fertility,
context especially nitrogen, in most cases, technologies and along the rift valley and therefore the soil high cost of farm inputs and unpredictable weather
the sandy topsoil loses its innovative is characterized by a complex mixture of patterns are among the major constraints affecting
absorptive capacity to withstand the  techniques; elements including fluoride and its crop production. Most farmers do not use any
intensity of the rain, thereby difficulties for young  compounds which have revealed its fertilizer at planting but apply topdressing fertilizer
creating high amounts of runoff and women farmers prolonged effects on life forms in the area.  once the crop has established due to inadequate
leading to erosion of agricultural to access credit (high funds. Lack of information on affordable soil
lands. Inadequate knowledge in interest rates); TARI: improvement technologies in addition to low
post-harvest management of crop decreasing soil Monduli District: population of around market prices of staple crops such as maize
produce, high dependence on fertility and 159,000 people (latest census 2012), especially during harvesting periods is also a major
synthetic pesticides to control insect difficulties in find average 4.3 people/household. Major constraint.
pests on crops in the field. organic fertilizer or ethnic group: Maasai (97%) which largely
improvers. depend on livestock with some subsistence

farming activities predominantly in agro-
pastoral communities. Major economic
activities: highland and flat and rolling
plains zones: livestock keeping and
cultivation of both food and cash crops.
Meru District: population of around
268,000 people, out of which about 49%
male and 51% female, average 5
people/household. Major ethnic group:
Wameru, Wamasai, Waarusha others are
Wachaga, Wanyiramba, Wapare,
Wambulu. Major economic activities:
Upper and lower belts: cultivation of both
food and cash crops; Middle Belt:
Livestock keeping and cultivation of both
food and cash crops.
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2. Survey activities

To trace a general overview of the current level of agri-livestock integration practices in the study areas,
UNIMAK and UNB, also with the collaboration of UNISS, settled a common survey tool called “T2.3.
- Agro-livestock integration” (Annex I11). UNISS and OCCAM made the tool available for use by all
partners involved in Task 2.3. through the use of the data collection manager "KoBotoolbox" which
allows to utilize the survey both online and offline from PCs, tablets and smartphones.

The main topics covered by the survey included: i) types of animals reared and management practices
(e.g. breeding, feeding etc.); ii) production (livestock, crop and forage); iii) destination of productions
(self-consumption, market); iv) means of transport; v) animal waste (e.g. manure) management
practices; vi) mechanization level of the household; vii) environmental constraints to production (e.g.
soil erosion, pollution, waterlogging etc.) and their management; viii) intercommunity land conflicts;
iX) non-agricultural activities adversely affecting farming (e.g. mining, logging, charcoal burning etc.);
x) level of satisfaction in mixed crop-livestock production, benefits, constraints and willingness to
modify livestock management.

Once the survey structure was finalized, the partners involved in Task 2.3. proceeded to conduct the
interviews as specified in Table 3. Data were submitted and uploaded to central server of KoBo toolbox
managed by OCCAM. Data cleaning and data analysis were conducted by each partner involved in the
survey activities and subsequently the data were processed using SPSS software for different analyses
(see paragraph 4 and Annex IV for more details on the survey results).

Table 3. Partners involved, research areas and number of interviews conducted by country for Agri
livestock integration

Country Partners Research areas N° of interviews
Sierra Leone UNIMAK Kalangba, Malalm Musaia, Balandugu, Wara wara, 58
Sulaimania, Gbanti, Bombali, Njagbakahun, Kamarugu

Ghana CSIR- Savelugu, West Mamprusi, Talensi and Nabdam districts 40
SARI
KDC Savelugu, West Mamprusi, Talensi and Nabdam districts 25

Tanzania NM-AIST Monduli, Arusha and Meru districts 37
TARI Monduli, Arusha and Meru districts 36
ICRAF Monduli, Arusha and Meru districts 48

Kenya KALRO Kakamega, Busia and Bungoma 87
UoN Karachuonyo (HomaBay County) and Nyakach (Kisumu 40

County)

BurkinaFaso ~ ACRA Mogtédo, Zhorgo, Léo, Loumbila 40
UNB and Béréba, Wakuy, Dohoun, Békuy, Bondoukuy, 104
INERA Kamandena, Kari
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3. Experimental activities
3.1. Research activities on agri-livestock integration conducted by UNIMAK in Sierra Leone

Low farmers yield per hectare has been a major concern as Sierra Leone's population has been
increasing with a growth rate of approximately 2.2 each year since the last decade (World Bank source).
Small-scale agriculture is practiced predominantly by 70 to 80% of the population in Sierra Leone, and
the majority (90%) of these small farmers use mobile cultivation, otherwise called the production
method "slash and burn” food. This method involves the continuous movement of farmers from one
land to another every year, leading to exposing the land surface to erosion, accelerating deforestation
and soil depletion, with, consequently, low crop yields and livestock per hectare per farmer, which
contribute generating high food insecurity in the country.

A promising strategy to address these issues could be based on the use of an integrated agricultural
approach (IAA) of livestock and cropping systems, already known and practiced by smallholder
farmers, but improved towards a greater sustainability of farming systems through: i) the increase in
crop yield : ii) improvement of soil fertility; iii) the promotion of environmentally friendly practices at
farm level; iv) the reduction of deforestation and the support of afforestation which can promote soil
fertility, agro-ecological biodiversity and reduce or minimize environmental degradation, v) the
reduction of the fatigue of agricultural activities thus leaving more time for other socio-economic
entities/activities of family members.

The study is conducted in 6 FFRUs with 10 farmers each for a total of 60 farmers involved. The FFRUs
chosen to have a broad representation of the different ecological zones of the country, both in
mountainous and lowland areas ((inland valley swamp-IVS).

Farmers within each FFRU were identified through the participation of community authorities across
all 6 FFRUs and in turn facilitated the on-farm research site selection process with supervisors from
Makeni University. All farmers are experimenting with the same research design of integrated crop and
livestock production. In each farm involved, an integrated crop-livestock production model was
proposed starting from the business as usual practices that was revised including (i) keeping the
livestock (goats) in fences overnight in order to allow the dung collection, (ii) obtaining compost from
the dung and crop residues and using this organic fertilizer for crops, (iii) feeding the animals with the
crop residues both through grazing and ex situ foraging, (iv) constructing fish ponds from which an
organic rich water effluent discharge irrigates (and fertilizes) the inland valley swamps where rice is
cultivated, especially during the rainy season.

Data on crop yields, dung produced, animal performances are collected in the 60 farms involved in the
trial and in a number of farms not involved but with baseline comparable characteristics aiming to assess
the impact of the proposed integrated crop-livestock system with respect to the business as usual
practices.

Further details on the methodologies adopted in the activities of UNIMAK are reported in Annex I.
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3.2. Research activities on agri-livestock integration conducted UNB and INERA by in Burkina
Faso

The activity of UNB and INERA in Burkina Faso aims at the characterization and improvement of agro-
zootechnical integration strategies in two agroecological contexts of the western cotton area of Burkina
Faso.

In the cotton-producing area, cattle breeding and agricultural production are poorly integrated. Although
most farmers own draft animals and/or small ruminants, under-utilization of crop residues for animal
feed at household level and low manure production for crop fertilization are common. The overall
objective of the study is to improve the productivity of agro-pastoral farms through the optimization of
the crop residues recycling process and the production of manure from domestic ruminants in cotton-
based farming systems in western Burkina Faso.

The investigations will be conducted according to the following phases: i) the analysis of farmers’
knowledge on the valorisation of crop residues in the diet of domestic ruminants and on the production
of organic manure; ii) the determination of types, availability and use of crops residues in cotton-based
agro-pastoral farms; iii) the production of organic manure in qualitative and quantity terms according
to the type of crops residues in cotton-based agro-pastoral farms; iv) the comparative studies of the
effects of organic manure on the production of crop and forage species in cotton-based agro-pastoral
farms.

As regards to the analysis of farmers” knowledge on the valorisation of crop residues in the diet of
domestic ruminants and on the production of organic manure, in addition to the common survey
analyses on agri-livestock integration, UNB and INERA selected four of the villages from those where
the interviews were conducted (Béréba, Wakuy, Dohoun and Sara) belonging to FFRU A, where they
deepened the agro-zootechnical investigation with semi-structured interviews from which to obtain a
stratification of the farmers useful for the designs of the trials.

Further details on the methodologies adopted and in the activities of UNB and INERA are reported in
Annex II.

3.3. Research activities on agri-livestock integration conducted by several EWA-BELT partners
in East and West Africa

As far as the use of manure for soil fertilization is concerned, the research activities of several other
EWA-BELT partners are reported in Table 4. Due to a partial overlapping of Task 2.3 a and Sub-task
2.2.2. within WP2, some of these activities have also been reported in detail under D2.7. as also part of
the practices tested for soil fertility management.
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Table 4. Research activities involving the use of animal manure for soil fertilization

ay

EWA-BELT

Country Partner(s) Animal waste tested Treatments Crop(s) Study areas Data collection
Ghana CSIR-SARI  Poultry manure and both at 6 t ha™* Sorghum, millet Nyankpala, Manga and Soil properties, growth and yield of
cow dung Wa locations crops.

KDC Organic manure organic manure at Maize Savelugu, West Germination percent, plant count at
6.0tha™; Mamprusi, (Northern harvest, plant height at harvest, number
organic manure at region - NR) Talensi and of cobs per plant, cob weight, 100 seed
3.0t hat+ 125 kg Nabdam Distrists (Upper weight, grain yield from (5 m x 5 m)
ha NPK + 62.5 kg East region - UE). which will be converted into per hectare
ha? of sulphate basis, initial soil N, P, and K.
ammonia

Burkina ACRA Organic manure (mainly 60 kg ha™ Fonio Zorgho and Loumbila or Incidence of disease, incidence of pests,
Faso from poultry (mixed with Guié areas of the Central days to 50% flowering (days), days to
cow, sheep and goat Plateau 50% maturity (days), panicle length

manure) (cm), plant height, plant weight.
Tanzania NM-AIST Cow manure 500 mg kg of soil  Not applicable  Ngare-Nanyuki ward Water-soluble fluoride (Ws-F),
(test on the effects located at the slopes of Exchangeable fluoride (Ex-F), Fe/Mn
on soil fluoride Mount Meru, Arusha bound fluoride (Fe/Mn-F) and Organic
bioavailability) matter bound fluoride (Or-F) and pH of

the soil-fertilizer mixtures.
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ay

EWA-BELT

Country Partner(s) Animal waste tested Treatments Crop(s) Study areas Data collection
TARI Cow manure (Farmyard cow manure at 10, Maize Meru (Kwaugoro  Growth data: plant establishment count,
manure) 20 and 30 t ha™; Village) and Monduli number of leaves per plant, plant height,
cow manure at 10, (Lendikinya village) ear height of plant, at week 3rd, 6th, 9th
20and 30 tha*+ 30 Districts, Northern and 12th weeks from planting. Yield
kg N ha'+20kgP Tanzania parameters: ear length, ear diameter,
ha'™; and harvest index, number of kernels
cow manure at 10, per ear, thousand kernels weight,
20 or 30 t hat+ 15 aboveground dry biomass yield, and
kgNha'+10kgP grain yields.
ha™;

Kenya KALRO Poultry manure 2 t ha of poultry Finger millet, Mumias East and Number of days to 50% flowering,
manure; sorghum, maize Mumias  West  sub- number of productive tillers (Finger
1t ha? of poultry counties falling under the Millet & Sorghum), plant height at
manure + 62.5 kg Lower Midland (LM) physiological maturity, number of ears
ha? NPK 17:17:17 zone (Kakamega per plant (Maize), crop vyield, pest and
per millet and County). Nambale sub- disease incidence. Soil fertility traits
sorghum while + 80 county, Bukhayo (pH, N, P, K, Mg, Ca, organic C, Cu,
kg hat! NPK westward, falling under Zn, Fe and Mn as well as soil textural
17:17:17 for maize the Lower Midland zone classification).

2 (LM 2) (Busia county).
Bumula sub-county,
South  Bukusu  ward,
falling under the Upper
Midland (UM) zone
(Bungoma County).
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RESULTS

4. Survey outcomes

This section provides an overview of the main highlights on the current level of agri-livestock
integration practices in the study areas obtained from the survey data processing. A more detailed report,
including graphs and tables with related comments is provided in Annex IV.

Concerning the gender distribution of the respondents, the proportion of male and female farmers was
not significantly different in Ghana, Sierra Leone and Tanzania, while a larger percentage of male
farmers was surveyed in Burkina Faso and, conversely, a higher share of female farmers was
interviewed in Kenya.

In general, a high percentage of farmers (>74%) indicated to rear the animals for food production in all
the surveyed countries, while in Ghana 55%. Another frequently mentioned reason in Burkina Faso,
Sierra Leone and Kenya (>80%) was “for the by-products”. Only in Burkina Faso, a high proportion of
farmers, with a great share of men than women, reported to breed animals for the animal power (74%)
while in Ghana one of the most popular answer was “For other purposes” (83%).

With respect to the kind of animals reared the data showed that "Fattening animals” was the most
commonly chosen option in Sierra Leone (100%), but less frequent in Burkina Faso, Tanzania, and
Kenya (around 30%) and not considered in Ghana at all. On the contrary, the option "Dairy animals"
was the most common answer in Tanzania and Kenya (81% and 67%, respectively), while less preferred
in Ghana and Burkina Faso (11% and 1%, respectively) and not considered at all in Sierra Leone. In
Burkina Faso, "Draft animals™ was a popular selection (75%), while it was less chosen in Ghana (17%),
Tanzania (11%), and Kenya (11%). "Park animals™ was another popular option in Burkina Faso (55%),
but not considered at all in Ghana, Sierra Leone, or Kenya, and only chosen by 4% of respondents in
Tanzania.

The majority of the farmers interviewed in the study areas indicated they kept their animals in pasture
or in some cases tethered, with some significant differences between countries within each type of
animal considered. Only a few farmers have indicated that they keep their animals in stalls or have
simply specified that livestock are used as draft animals or kept in other ways.

All or almost all (> 85%) of the farmers of the five countries, with regard to each animal species taken
into consideration, declared that they obtained their animals by purchasing them. In Sierra Leone, with
regard to sheep and goats, 100% of farmers also declared that they received the animals through partner
support. On the other hand, regarding chickens, 50% of farmers in Sierra Leone said they got them as
a gift. The "Heritage" option resulted quite relevant (around 10-20%) in Tanzania, in Burkina Faso,
Ghana and Kenya for animals such as donkeys, cows, goats and sheep varying according to the
countries.

In general, a large proportion of farmers reported that one of the main reasons they raised animals was
to sell them (> 50%) with some exceptions, such as the case of Tanzania for pigs (9%), Burkina Faso
for donkeys (25%), Sierra Leone for chickens (25%) and Kenya for cows (38%). High percentages of
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farmers who declared that they breed animals for household consumption (>60%) concerned Burkina
Faso for pigs (94%) and chickens (73%), Kenya for chickens (90%), cows (76%) and donkeys (67%),
Sierra Leone for chickens (100%), goats (88%) and sheep (67%) and Tanzania for chickens (89%),
cows (79%), goats (73%) and sheep (61%). Only in Kenya (76%) and Tanzania (4%) farmers declared
that they breed donkeys for household consumption, while in the other countries nobody chose this
option. Elevated proportions of farmers who reported raising animals as assets were observed only in
Ghana, Kenya and Tanzania. As expected, mainly cows and donkeys were reported to be breaded for
the animal power, even at different extents according to the country. Overall, large percentages of
respondents who stated rearing animals for the manure were observed only in Burkina Faso, Kenya and
Sierra Leone.

In general, in the case of ruminants, large percentages of farmers (>65%) in all countries indicated that
they feed their animals with pastures and crop residues, with the exception of Kenya where the
proportions dropped to 46% for goats and 28% for sheep. In Burkina Faso, another quite recurrent
option chosen by farmers was natural pasture with food supplement (70% for cows, 51% for goats and
49% for sheep), while in Kenya and Tanzania also the option “natural pasture only” was chosen quite
frequently by farmers (20% and 14% for cows, 54% and 29% for goats and 68% and 22% for sheep,
respectively in the two countries). A large proportion of farmers (about 60% or more) reported feeding
their chickens on natural pasture and crop residues in Kenya (57%), Ghana (76%) and Sierra Leone
(100%) while this practice was found less frequent in Tanzania (33%) and Burkina Faso (13%). In
Tanzania, farmers also declared that they feed chickens only with crop residues (30%), only on pasture
(10%) or on pasture with supplements (25%). In Burkina Faso and Kenya, a good proportion of farmers
(>40%) stated that they feed their chickens only on pasture or, exclusively in Burkina Faso, also on
pasture with food supplement (39%). As for pigs, 81% of farmers in Burkina Faso said they feed them
with natural pasture with food supplements, while the other options received much less preference
(<20%). In Ghana and Kenya, however, the most popular option was natural pasture and crop residues
(67% and 57%, respectively in the two countries), followed by "other" (48%) and "only natural pasture"
(43%) in Kenya and also from "other" (25%) in Ghana.

In both Burkina Faso and Kenya, the percentage of farmers who specified that they cultivate forage
crops was around 49%, while the percentage recorded in Tanzania was significantly lower (8%). In
Ghana and Sierra Leone, all the famers stated that they do not cultivate forage crops. In all three
countries where farmers indicated cultivating forage crops (BF, KY, TZ), the majority of respondents
(>75%) specified that they grow forage for grazing. In Burkina Faso, a high proportion of farmers stated
also to cultivated forage for the grains (87%); so also in Kenya but at a significantly lower proportion
(44%). Moreover, almost 60% of farmers in Burkina Faso, and 25% in Kenya, cultivate forage whose
biomass is consumed elsewhere.

Maize was considered as the most important crop in by 98% of farmers Tanzania, 83% in Kenya and
80% in Ghana, whereas in Burkina Faso this crop achieved the same preference rate as cotton (33% for
both). Conversely, in Sierra Leone 84% of farmers indicated rice as the most important crop.

As regards to the most important animal commaodities that farmers indicated to produce, the highest
percentage of farmers who declared “Meat” was observed in Sierra Leone (95%) followed by Ghana
(62%) and Burkina Faso (46%), which were not significantly different between them, Tanzania (16%)
and at the lowest place Kenya (2%) As far as milk is concerned, the highest percentages of farmers who
declared this food as the main commodity they produced were found in Tanzania (75%) and Kenya
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(62%) followed by Burkina Faso with a very low percentage (1%). In Ghana and Sierra Leone, no one
indicated milk as the most important animal product. With regard to eggs, this food was defined as the
main commodity produced by about 33% of Kenyan farmers while significantly lower percentages
considered it as the main product in Tanzania (6%), Burkina Faso (4%) and Ghana (3%). In Sierra
Leone, no one mentioned eggs as the most important produce. In Ghana and Burkina Faso, a moderate
percentage of famers also indicated animals sold alive as their main product (35% and 26%,
respectively). This answer received a significantly lower percentage of preferences in Tanzania (2%)
while none did consider it as an option in Kenya and Sierra Leone.

In all the countries, the dung of grazing animals was mostly incorporated into the soil (>60% of
respondents) with Sierra Leone (100%) and Ghana (94%) being two countries with the significantly
greatest adoption rates of this practice. The other uses were less relevant with a few exceptions. In fact,
in Burkina Faso farmers indicated to be used to harvest and process the animal dung at the same
percentage of the incorporation into the soil. The same pattern was reported by Kenyan farmers (28%
of the respondents declared they harvest and process the animal dung) but at a significantly lesser extent
than the Burkinabe farmers. In Burkina Faso, Tanzania and Kenya the proportion of respondents who
indicated to left the dung over the soil were also considerable (around 37% in Burkina and Tanzania
and 20% in Kenya).

More than 80% of farmers declared they are using animal manure to sustain crop production
irrespectively of being men or women. In general, in three countries out of five (BF, KY, SL) less than
15% of farmers are not using animal manure, while in Ghana and in Tanzania this percentage is higher
(about 40% and 33%, respectively). In any case, the majority of farmers in all study areas is applying
manure to sustain crop production. About 60% of the farmers produced manure within their own farm
with little differences between men and women.

In Burkina Faso, the kind of integration between cattle breeding and crop production was rather
similarly distributed among labour, manure and money (economic profit). In Ghana, the benefits for
economic profit were much higher than the manure and labour typologies, but the most relevant
category was “other” even if no specification were provided. In the other countries, the manure
production and more “money” were in general the most cited types of integration. Overall, only labour
was the kind of integration perceived as more important for men than for women, and this result was
mainly associated to the differences between male and female responses in Burkina Faso.

Approximately 100% of respondents declared that no or partial mechanization was available for crop
cultivation or for animal production. Only few Kenyan farmer were using mechanization.

On average, 88% of respondents were highly satisfied or satisfied of the mixed crop-livestock system.
The most cited benefits associated to the mixed crop-livestock system were the diversification of
income from both crop and livestock products and the enhancement of soil fertility due to the manure
availability for soil fertilization, that, in turn, is beneficial for crop productivity and hence food security
at household scale. Also the increase of feed for animals through grazing and/or ex situ consumption of
crop residues was often cited. Among the major constraints associated to the crop-livestock systems,
many respondents cited the difficulties for animal feeding in some seasons and that livestock is rather
labour intensive in a context of resources and capability limitations. Some farmers were also worried
about the damages on the crops by grazing animals. The respondents from Burkina Faso cited very
specific issues such as the lack of grazing areas due to existing conflicts between animal breeders and
farmers specialized in crop production.
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5. Preliminary results of the experimental activities

5.1. Preliminary results of the research activities on agri-livestock integration conducted by
UNIMAK in Sierra Leone

The proven integrated model of farming practiced by small farmers has proved to be successful in terms
of crop and animal performance as well as allowing the diversification of sources of food and income
throughout the year. Within 6 months of committing to the integrated production method, farmers were
able to increase livestock from 180 to 252 head of cattle. This means that farmers can generate almost
double the initial amount of livestock they have at the beginning of the year with very low maintenance
costs, as the animals can both graze on the meadows but also get forage from crop residues.

As for crops, the use of organic manure from farmer's livestock provided a direct benefit by increasing
yield by 20 to 30% with minimal cost compared to the use of synthetic fertilizers, and a long-term
beneficial effect on crops grown in the same field after the first cycle harvest due to its potential residual
effect in the soil.

The use of the same piece of land to produce all the farmer's needs (crops and livestock) reduces the
tendency for the same farmer to continually move to another place, where new bush clearing would
have added to the farm's drudgery agriculture (labour intensity) and would have caused significant
environmental impacts. Therefore, the use of a sedentary agricultural model through the integration of
crops and livestock has demonstrated numerous advantages for farmers, who have little or no machinery
to help their work in the fields, greatly reducing the ecological damage due to the non-combustion of
the natural vegetation during deforestation processes.

Further details on the preliminary results obtained from the research activities of UNIMAK are reported
in Annex I.

5.2. Preliminary results of the research activities on agri-livestock integration conducted UNB
and INERA by in Burkina Faso

The preliminary results of the research activities on agri-livestock integration conducted UNB and
INERA by in Burkina Faso showed that agri-livestock integration practices are dominated by traction,
the production of organic manure and the use of crop residues in livestock feed. However, it generally
appears that the level of application of these practices remains low. This trend is more marked for
producers who have large areas of cropped lands with a low level of crop residue storage; the
involvement of livestock in manure production is low. The main constraint for reinforcing the
complementarity between agriculture and livestock breeding remains the low availability and
accessibility of fodder for livestock whose role is essential for the sustainability of these systems.

According to the initial results of the feeding trial for draft cattle, supplementation based on sorghum
stalks improves manure production on the farm and helps limit animal weight loss. This will also allow
producers to better approach the start of field work in this context of high climatic variability. The
preliminary results of the three trials including animal manure showed that the application of animal
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manure allowed stabilization or improvement of crop yields and/or biomass production both for cereal
and cotton. Farther investigation will be carried out for the coming seasons to confirm these trends.

Further details on the methodologies adopted and the preliminary results obtained in the activities of
UNB and INERA are reported in Annex Il.

5.3. Preliminary results of the research activities on agri-livestock integration conducted by
different EWA-BELT partners in East and West Africa

In Tanzania, the results obtained by TARI on the integrated use of organic (cow manure) and inorganic
fertilizers on maize performance, showed that both in the district of Meru and Monduli yields which
were significantly comparable to those obtained with the use of 60 kg N ha™ + 40 kg P ha* (T2) were
observed with the integration of 10 t ha™* of cow manure to a quarter dose of inorganic fertilizer (T6:
15 kg N ha + 10 kg P ha*+10 t ha™ of cow manure) (Table 5).

Table 5. Effects of the integrated use of organic (cow manure) and inorganic fertilizer on maize yield
parameters in Meru and Monduli districts, Tanzania

Meru District Monduli District

100 1000 Grain 100 1000 Grain
Treatments seed wit. seed wit. yield seed wit. seed wit. yield

(9 (9 (tha™) (9 (9 (tha™)
T1 = Control 24,22 271.92 2.102 12.8? 126.12 1.28
T2=60N+40P 32.1¢f 323.4bcd 5.51f 26.0¢ 254.2b 3.4%
T3=10CM 30.0¢de 310.43cd 2.37° 15.5% 130.6% 1.6%
T4=20CM 34.4f 346.4¢ 2.62° 19.63bc 156.82 2.2abed
T5=30CM 25.9% 273.9% 3.45¢ 22.43b¢ 199.4% 2.08bc
T6=30N+20P+10CM 29.0% 307.8abcd 5.74 24.0b¢ 240.4° 3.3¢%
T7=30N+20P+20CM 29.2¢ 287.6%¢ 5.03¢ 27.6° 224.4% 3.Qcde
T8=30N+20P+30CM 27.8 282.2% 3.35¢ 21.92bc 210.12 3.7¢
T9=15N+10P+10CM 30.9% 3271.9abcd 5.76 24.2b¢ 215.7% 3.Qcde
T10=15N+10P+20CM 28.0° 282.7% 3.02¢ 21.58¢ 218.1% 3.3¢%
T11=15N+10P+30CM 32.4f 332.9¢ 6.049 20.4¢2b¢ 209.5% 2.5bode
Grand Mean 29.4 303.7 4.09 21.5 198.3 2.7
CV% 3 5.6 2.1 16.5 17.9 16.1
LSD 1.51 28.99 0.15 6.03 60.31 0.73
FPr <.001 <.001 <.001 0.002 0.003 <.001

CM = Cow Manure. The doses of N and P are to be intended in kg ha, the doses of CM are to be intended in t ha™. Means
followed by the same letter (s) within the same column are not significantly different at the 5% probability level according to

Tukey Test.

Due to the widespread problem of soil fluoride contamination in the Ngare-Nanyuki ward study areas,
located at the slopes of Mount Meru, Arusha in Northern Tanzania, the NM-AIST institute studied the
effects of the application of different types of fertilizers, including cow manure, on the fluoride
bioavailability in the soil. This parameter, in turn, is related to the accumulation rates of fluorine in
plants and, thus, its entry into the food chain with possible negative effects on human and animal health.
It has been established that fluoride bioavailability in the soil is defined by the form which it exists
rather than the amount of total fluoride. In the soil, fluoride exists in different fractions such as: water
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soluble (Ws-F), Exchangeable (Ex-F), bound to iron/manganese (Fe/Mn-F), organic matter bound (Or-
F), and the residual (Res-F). All of these fractions are bioavailable however to different extents in an
order Ws-F>Ex-F>Fe/Mn-F>Or-F>Res-F. Agricultural practices such as fertilizer application can alter
the behaviour of these fractions which further affects fluoride bioavailability in the soil. In particular,
cow manure showed to increase the amount of Ws-F by 9.6 + 1.1 mg kg and Fe/Mn-F by 2.1+ 0.2 mg
kg but had no impact on the amount of Or-F. The fertilizer could have increased the bioavailability
of fluoride in the soil directly or indirectly through alteration of pH and the soil elemental composition,
hence, it might not be suitable for use in fluoride contaminated alkaline soils as it accelerates fluoride
release and its bioavailability in the soil. Further studies on other sources of manure e.g poultry manure
from other areas characterized by lower levels of environmental fluoride contamination could deepen
and complement the knowledge gained with the results of this study.

In Kenya, preliminary results from the experimental trials of KALRO on the comparison of organic
(poultry manure) and inorganic fertilization, and their combination, showed no significant differences
in maize and finger millet yields between the treatments applied, which all performed better than control
plots (Figure 3 and Figure 4). This will allow farmers to choose the treatment they can afford and not
being forced to purchase inorganic fertilizers for maize and millet production. This experiment was
repeated in 2022 long rains season and results will be compared with the 2021 long rains season results.
Data on soil analysis will be collected after harvesting and results compared with the baseline to capture
any changes in soil characteristics as a result of the treatments’ application.
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Figure 3. Mean yields of finger millet under organic and inorganic fertilization and their combination
(Long Rains cropping season 2021, Kenya)
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Figure 4. Mean yields of two different maize varieties (DK 8031, WH 505) under organic and inorganic
fertilization and their combination (Long Rains cropping season 2021, Kenya)

In Ghana, the results obtained by KDC from the analysis of the data on the comparison of organic and
inorganic fertilization, and their combination, showed that in the all the four experimental sites
(Nabdam, Talensi, West Mamprusi and Savelugu) the treatment that gave the highest grain yield of
maize was the combination of half rate of organic and half rate of inorganic fertilizers with yields two
to four times higher than the control, which, conversely, showed the lowest yields in all the sites (Table
6). The full inorganic treatment (recommended rates) had performances that were not significantly
different from the combination of organic and inorganic except in Savelugu where it obtained a yield
more than three times lower. In Nabdam, even the full organic treatment was not statistically different
from the combination and from the full inorganic even if slightly lower and therefore not different from
the control either. In Savelugu, the full organic was significantly lower than the combination, with a
value of about half, but slightly higher than the full inorganic even if not significantly. At West
Mamprusi site the full organic treatment was not significantly different from the control nor from the
full inorganic, with an intermediate value between the two. In Talensi, on the other hand, the full organic
treatment was not different from the control and significantly lower (four times) than the full inorganic
treatment.

Table 6. Maize grain yield (cv: Sanzal zuma) as influenced by organic and in-organic fertilizers, and
their combination, in northern Ghana

Treatment Nabdam Talensi W. Mamprusi  Savelugu

Full inorganic 3822.2 A 2562.2 A 1955.6 AB 1148.9 BC

Full organic 2666.7AB 6289 B 7111 B 1695.5B

Combination 4088.9A 32444 A 24889 A 3598.7 A

Control 1600.0 B 613.3 B 496.3 B 4052 C

Lsd.05 1585.9 2413.1 1699.9 1289.4
CV 26 49 57 37

Full inorganic: 250 kg ha?* NPK and 125 kg ha Sulphate of ammonia (SA) (recommended inorganic fertilizer rates), Full
organic: 6 t ha* ha of organic manure, Combination: half rates of inorganic (125 kg ha of NPK, 62.5 kg ha™ of SA) and 3 t
organic fertilizers, Control: no application of either organic or inorganic fertilizers. Means followed by the same letter (s)
within the same column are not significantly different at the 5% probability level
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Generally, it was observed that highest maize grain yields were obtained at the Nabdam site as compared
to the rest of the sites, probably due to the better soils in terms of nutrients. The lowest maize grain
yields at Savelugu could be attributed both to poor soils in that area and secondly late planting of the
crop as the site was the last to plant their crops even in August 2021.

Still in Ghana, the results obtained by CSIR-SARI concerning the comparison of the effects of organic
and inorganic fertilization, or their combination, on the yield performances of pearl millet and sorghum,
indicated that the full rate of inorganic fertilizer (NPK 90-60-60 kg ha™) gave the highest grain yield in
both of the crops at Manga (1692.0 kg ha*and 1006.0 kg ha* for pearl millet and sorghum, respectively)
(Figure 5), followed by the application of the combination of half rates of inorganic and organic
fertilizer. Whereas a significant difference was observed between grain yields following the application
the organic/inorganic combination and plots that received full rate of organic fertilizer in the case of
pearl millet, there was no significant difference between the two treatments in the case of sorghum.

At Wa, the highest grain yields were produced from plots that received full rates (90-60-60 kg of NPK
hat) of inorganic fertilizer which significantly differed from the other treatments only for pearl millet
but not sorghum (Figure 6). Application of the combined organic and inorganic fertilizer produced grain
yield that did not significantly differ from plots that received full rate of inorganic fertilizer in for
sorghum nor from grain yield obtained from plots that received full rate of organic fertilizer, resulting
intermediate between the two.

The higher yields in the full rate of inorganic fertilizer, compared with full rate of organic fertilizer and
the half rate of both, could be associated with the slow effect of manure on crop growth and development
in same year. Additionally, the higher performance of half rates of organic and inorganic fertilizer with
respect to the full organic could be due to the complimentary effect of the organic fertilizer in terms of
improvement in the soil structure and the readily available nutrients from the mineral fertilizer.

Pearl millet performance at Manga Sorghum performance at Manga
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Figure 5. Effect of organic and inorganic fertilizer on the grain yield of pearl millet (left) and sorghum
(right) at Manga, Ghana
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2400 3200

2000 T 2800 '|'

2400 -|- T

[EEN
o2}
o
o

—

2000
1600
1200

[ 800 T

400

o]
o
o

Grain yield (kg ha't)
o
8

Grain yield (kg ha'1)

IS
o
o

Fullinorg  Full Org (6 Y2rateinorg. Zero rate Fullinorg FullOrg (6 Yrateinorg. Zero rate
(90-60-60) ton/ha)  + Y rate org. (90-60-60) ton/ha) + Y rate org.
fert. fert.

Figure 6. Effect of organic and inorganic fertilizer on the grain yield of pearl millet (left) and sorghum
(right) at Wa, Ghana

In Burkina Faso, the preliminary results of the experimental trials of ACRA showed a yield increase of
about 124% in the fertilized plot (830 kg hat) compared to the control plot (370 kg ha™). However,
given the highly heterogeneous soil and climate conditions in the area, ACRA planned to implement
the experimentation also during the 2022 season, adding two treatments (organic fertilizer and
broadcasting sowing; no fertilizer and deep sowing) to better evaluate the interaction between
agronomic practice and organic fertilizer. ACRA also planned to replicate the same experimental
scheme for the 2023 season.
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The main challenges encountered during the implementation of the activities and the possible answers
found by the partners from the different countries are reported in Table 7.

Table 7. Challenges observed in relation to the research activities and possible answers

Partner

Challenges

Answers

UNIMAK

TARI

KDC

KALRO

ACRA

Possible increase of the farming land area,
consequent to the increase of the livestock
load, to carry out both agricultural and animal
production in the same plot of land.

The uncertainty due to climate change
exacerbates the difficulty in controlling the
water entering and leaving the cultivation
land.

In port Loko, there was an outbreak of arthritis
in May and June that adversely affected the
livestock of the farmers that left most of the
animal dead due to the disease.

The uncertainty of seed emergence and crop
performance due to rainfall shortage in Meru
district

Delays in the coming of seasonal rains and
intermittent drought.

Use of not well decomposed animal manure as
the organic manure.

Challenges encountered during initial crop
growth were sorghum shoot fly and fall
armyworm attacks

Difficulties in self-production of compost. It
is not always possible to have an adequate
C:N ratio due to the difficulty in obtaining
starter supplies. In particular, it is difficult to
have an adequate amount of vegetable waste;
these are only available in a very short period
of time, during the rainy season, and are often
used as fodder.

Ranching the land into compartments and
practicing rotational grazing of the animals.
This will allow some parts of the land to be
used for crop cultivation, while the rest for
animal grazing.

Continuously review the FFRU farm
irrigation and drainage management project.

The issue was addressed by the government
through a massive curative and vaccination
campaign against the disease that involved
UNIMAK staff and students, including the
FFRU farmers.

Supplementation of water through irrigation
canals.

Use short duration crops and planting of crops
in case germination is very poor due to
intermittent drought.

Such organic matter should be worked in for
not less than 10 days before the planting of the
crops

Farmers were taught how to manage these by
pesticide sprays hence did not severely affect
the crops, however, it was not possible to
collect sorghum vyield results as the crop was
severely damaged by birds. A red sorghum
variety that is not susceptible to bird damage
has been planted in 2022.

Study of alternative plant organic matter
matrixes, possibly arboreal-perennial.
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Partner Challenges Answers

UNB and Difficulties in production and gathering Enhance sorghum productivity (grain and

INERA enough crops residues such as sorghum stalks-  stalks) through application of promoted
based biomass for the implementation of the approach of fertilisation in the EWA-BELT
promoted technological packages project.

Evaluation of biomass quantities using yield
plot after harvest, collection and storage of
crop residues in the FFRU by selected farmers
for experiments (residue supplementation on
zootechnical performance and manure
production of draught oxen).

L i i Total/partial stabilisation of draught oxen;
Difficulties of organic manure productlon_ due improvement of the feeding protocol as
to cgrrent cattle breading method (free fields promoted by the EWA-BELT project
grazing)

CSIR-SARI  Difficulty in getting the same type of organic  Poultry manure was used at the Wa trial site
manure at all trial sites. Poultry manure was whilst cow dung was used at the Manga trial
common at the Wa trial site whilst cow dung site. A third experiment was established at
was common at the Manga trial site prevented Nyankpala where both manures were used in
comparison of the results from the two sites. the same experiment. This was done to
This resulted in a high number of treatments  identify the best treatment combinations

which can be selected for upscaling in the
Farmer field research units

NM-AIST Only one source of manure (farm yard manure  Further studies on other sources of manure e.g
—from cattle/goat/sheep) from the fluoride poultry manure from other areas and with low
affected areas was used in this experiment. F content could deepen and complement the

knowledge gained with our results.
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CONCLUSION

From the analyses of the baseline survey on the level of agri-livestock integration in the study areas
emerged that, on average, more than 80% of farmers declared they were already used to apply animal
manure to sustain crop production but only about 60% of the smallholder produced manure within their
own farm. Furthermore, whereas in three countries out of five (Burkina Faso, Kenya and Sierra Leone)
less than 15% of farmers were not using animal manure, in Ghana and in Tanzania this percentage was
higher (about 40% and 33%, respectively). In Burkina Faso, the kind of integration between cattle
breeding and crop production was rather similarly distributed among labour, manure and money
(economic profit). In Ghana, the benefits for economic profit were much higher than the manure and
labour typologies, but the most relevant category was “other” even if no specification were provided.
In the other countries, the manure production and the economic profit were in general the most cited
types of integration. Overall, only labour was the kind of integration perceived as more important for
men than for women, and this result was mainly associated to the differences between male and female
responses in Burkina Faso. In all the surveyed countries, approximately 100% of respondents declared
that no or partial mechanization was available for crop cultivation or for animal production except for
few Kenyan farmers. On average, 88% of respondents were highly satisfied or satisfied of the mixed
crop-livestock system. The most cited benefits associated to the mixed crop-livestock system were the
diversification of income from both crop and livestock products and the enhancement of soil fertility
due to the manure availability for soil fertilization, that, in turn, is beneficial for crop productivity and
hence food security at household scale. Also the increase of feed for animals through grazing and/or ex
situ consumption of crop residues was often cited. Among the major constraints associated to the crop-
livestock systems, many respondents cited the difficulties for animal feeding in some seasons and that
livestock is rather labour intensive in a context of resources and capability limitations. Some farmers
were also worried about the damages on the crops by grazing animals. The respondents from Burkina
Faso cited very specific issues such as the lack of grazing areas due to existing conflicts between animal
breeders and farmers specialized in crop production. Moreover, from a more in-depth analysis
conducted in Burkina Faso in some study areas, it generally appears that the level of application of agri-
livestock integration practices remains low. This trend is more marked for producers who have large
areas of cropped lands with a low level of crop residue storage; the involvement of livestock in manure
production is low. The main constraint for reinforcing the complementarity between agriculture and
livestock breeding remains the low availability and accessibility of fodder for livestock whose role is
essential for the sustainability of these systems.

In both Sierra Leone and Burkina Faso, the preliminary results on the tested integrated model of farming
practiced by the small-scale farmers suggest a fruitful trend in terms of crop yields and animal
performances. In Sierra Leone, within 6 months of engagement into the integrated method of
production, the farmers have been able to generate almost twice the initial livestock quantity they have
at the beginning of the year with very little cost of maintenance, since animals can both graze on
grasslands but also have forage from crop residues. In terms of crops, the use of organic manure from
the farmer’s livestock provided direct benefit by increasing the yield by 20 to 30% with very little
additional costs, when compared with the use of synthetic fertilizers. Furthermore, the use of the same
piece of land to produce all the farmer needs (sedentary farming model) reduces the tendency for the
same farmer to move continuously to another place, where the burning of the natural vegetation during
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the land clearing processes would have added the farm drudgery (labour intensity) and would have
caused relevant environmental impacts.

In Burkina Faso, the preliminary results of the feeding trial for draft cattle have shown that
supplementation based on sorghum stalks improves manure production on the farm and helps limit
animal weight loss. This will also allow producers to better approach the start of field work in this
context of high climatic variability. The preliminary results of the three trials including animal manure
show that the application of animal manure allowed stabilization or improvement of crop yields and/or
biomass production both for cereal and cotton. Further investigation will be carried out for the coming
seasons to confirm these trends.

In general, from the preliminary results of the researches conducted by the other partners on the use of
organic fertilizers and the integration of inorganic fertilizers with organic ones, it was observed that in
some cases the productivity performance of crops associated with the use of organic fertilizers did not
differ from those deriving from the use of the recommended doses of inorganic fertilizer, even if other
times they were found to be lower. In any case, the integration of inorganic fertilizers with organic ones
seems to be a promising practice allowing to reach the same yields obtained with the recommended
doses of inorganic fertilizer, or sometimes higher, but with a greater valorisation of the by-products of
the household, thus providing a viable alternative especially in situations of inadequate and/or too
expensive inorganic fertilizers supplies.

In conclusion, across Sierra Leone, Burkina Faso, Tanzania, Kenya, Ghana, and Burkina Faso,
preliminary findings highlight successful agri-livestock integration models. Common threads include
the positive impact of organic manure on crop yields, improvement in forage resource management,
and the potential of combined organic and inorganic fertilization for enhanced productivity. A more
comprehensive evaluation of the circular economy systems tested will be provided when data on
economic aspects will be processed.
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Report on Improvement of Agri-Livestock Integration

UNIMAK - Sierra Leone

FFRU’s farmer and field supervisor during the land preparation phase
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IMPROVEMENT OF AGRI-LIVESTOCK INTEGRATION IN SIERRA LEONE

Introduction

The low yield of farmers per hectare has been a great concern as the Sierra Leone population is
geometrically increasing with a population growth rate of about 2.2 every year since the last decade
(World Bank source).

This has been a concern to both the government of Sierra Leone and other organization such as FAO,
WFP, UNDP etc., which has led to the initiative of looking out for a relatively permanent and functional
solution to alleviate the problem of food insecurity and other inadequate socioeconomic needs of the
people of the country.

Since small scale farming is predominately carried by 70 to 80 percent of the people (both rural and
peri-urban) in Sierra Leone, it is therefore relevant to target their production model, in other to improve
the yield components per hectare of every farmer in and out of the country.

Of these small-scale farmers, most of them (90%) use the shifting cultivation, otherwise called “slash
and burn” method of food production. Since this method involves the continuous movement of farmers
from one land to another every year, it does not only lead to exposing the land surface of erosion and
other hazards but also accelerates deforestation, hence impoverishing soils, which can lead to low crop
and livestock yields per hectare per farmer. This creates a high food insecurity in the country.

It is therefore important to search for lasting solutions to remedy food insecurity. A promising approach
could rely on what is already known and practiced by these small-scale farmers but in a better organized
manner that is the use of an integrated agricultural approach (IAA) of livestock and crop systems; this
can bring to enhancing the sustainability of production systems and, in turn, the food security for the
nation and beyond.

Objectives

The main objective of the research here presented is to improve and implement at small scale farmer an
integrated livestock-crop system in order to enhance the overall food security of the rural communities
and beyond through:

The increase of the crop yield

ii. The improvement of soil fertility

iii. The promotion of environmentally friendly practices at farm scale

iv. The reduction of deforestation and support to afforestation which can benefit soil fertility,
agroecological biodiversity and reduce or minimize environmental degradation

v. The reduction of the drudgery of farming activities leaving thus more time for other socioeconomic
entities/activities of the family members.

The specific objectives are:
i.  To investigate the amount of livestock waste products produced and used as fertilizers in the
production cycle/chain.
ii.  To investigate the impact of the use of these organic fertilizers from the livestock into the crop
production cycle of the FFRU farmers.

86284 D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX |



EU H2020

Linking East and West African
PROJECT

a\y
farming systems experience into &_—)
a BELT of sustainable intensification

GA 862848 EWA-BELT

iii.  To assess the impact of feeding the animals (mainly goats) on crop residues on their growth
traits

iv.  To assess the physical or qualitative impact of sedentary (immobile) farming as opposed to
shifting cultivation (slash and burn) in the environment through the reduction of environmental
degradation activities, such as burning, over grazing, erosion etc and consequently improve on
the agroecological biodiversity and natural biodiversity.

Case studies areas

The study is conducted in 6 FFRUs with 10 farmers each for a total of 60 farmers involved. The FFRUs
are located in both upland and lowland areas (inland valley swamp-IVS). All the farmers are
experimenting the same research design of integrated crop and livestock production.

The FFRU locations are as follows: Bombali (Ganti, Bombali shebora and Kalangba), Port Loko (Rolal,
Maal and Magbonkani), Tonkolili (Kamarugu, Makoli and Maboi Lol), Kono (Walahun, Ngol Town
and Gbunduru) Koinadugu (Senkedugu, Korma Silaya and Sullaimanya) and Falaba (Karimuya,
Koromasilaya and Musaia).

Bombali, Tonkolili, Falaba and Koinadugu are located in the North-East of Sierra Leone, Port Loko in
the North-West and Kono in the East.

Methods

The FFRUs were chosen in order to have a wide representation of different ecological zones in the
country, and the farmers within each FFRUs were identified through the participation of community
authorities in all the 6 FFRUs. The farmers in turn facilitated the process of selecting the on-farm
research sites with the supervisors of the University of Makeni. In each farm involved, an integrated
crop-livestock production model was proposed starting from the business as usual practices that was
revised including (i) keeping the livestock (goats) in fences overnight in order to allow the dung
collection, (ii) obtaining compost from the dung and crop residues and using this organic fertilizer for
crops, (iii) feeding the animals with the crop residues both through grazing and ex situ foraging, (iv)
constructing fish ponds from which an organic rich water effluent discharge irrigates (and fertilizes) the
inland valley swamps where rice is cultivated, especially during the rainy season.

The farmers were assisted to transform the research site by destumping, laying out of bunds, clearing
the surface and lay outing the fish ponds. The fish ponds were excavated during the dry season (January-
May, 2022).

The farmers were guided in all the management activities including the cultivation of several vegetables
and tubers traditionally cultivated in their area. For example, in Koinadugu and Falaba, they were
engaged in the production of vegetables such as carrots, cabbage, lettuce, tomato, cucumber, ground
nut, onion, garden eggs and of course rice from May to December.

In Port Loko, Bombali, Kono and Tonkolili, the farmers were engaged mainly in the production of
cassava, potato, maize, ground nut, okra and of course rice.

The farmers were taught by the field supervisors how to harvest, re-handle/process and weigh their
products, since most of them are illiterate.
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The farmers were also supervised by the UNIMAK supervisors to construct the livestock sheds, with
dimensions of 2 x 3 x 2.9 m, where to house the small ruminants (goats) to avoid them sleeping
everywhere as it is happening in most of the communities in the country. The sheds allow the farmer to
collect the waste materials of the livestock and to process for manure production. The farmers were
taught how to collect the faecal matter (dung), weigh and preserve them in bags or containers until there
is enough quantity for them to begin to make compost for the production of vegetables in their farms.
For every 36-40 kg of dung, about 110 kg of mature manure can be obtained after composting.

The rate of compost applied to the fields by all the farmers, as designed by the research is 4 t ha™ This
is used in the production of vegetables and other crops during the dry season, where eventually rice is
cultivated during the rainy season after harvesting the above said vegetables. This implies the manure
applied during the dry season serves for both the 1% and 2" cropping in the same piece of land by the
farmers.

Veterinary workers were engaged to monitor the livestock provided for the FFRU farmers to make sure
they are rescued in times of diseases for the health of the animals.

Variables
Data on crop yields, dung produced, animal performances are collected in the 60 farms involved in the
trial and in a number of farms not involved but with baseline comparable characteristics aiming to assess

the impact of the proposed integrated crop-livestock system with respect to the business as usual
practices.

Preliminary results

Following preliminary results are presented on the livestock and crop components of the implemented
system.

Livestock

The results show that there is a marked increase in the amount of livestock supplied to the FFRU farmers
over the period of the research.
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Figure 1. Initial quantity of livestock supplied to FFRU farmers and the status of the stock after 6
months since the beginning of the trial [a) total and b) per each farmer]

The total number of livestock (goats) supplied in January-February were 180 to the 60 FFRU farmers
(3 goats per farmer), which have now raised to 252 heads; making an increment of 72, which is about
29% increase compared to the initial stock supplied (Figure 1). From the first observations, it seems
that the animal raised by other farmers not involved in the trials could not grow as fast as those in the
research sites, neither they have the same fertility and the new born goats were less healthy.

From the research, it can be seen that the amount of livestock waste (dung) collected improves with
time as the animals multiply and grow healthier.
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Figure 2. Assessment of livestock manure production in 4 month per farmer

Figure 2 shows that there is a steady increase in the livestock dung produced for each farmer. However,
it can be seen that at the beginning of the rainy season, more dung was produced because the animals
were mainly fed by the farmers fetching forage for them from the fields. This made the animals mostly
staying in the sheds, hence the collection of the dung was higher, compared to July and August, when
the animals were left freely to graze in the fields because of good herbage availability. In this latter
period of time, the dung quantity collected from the sheds is reduced because most of the animal
dejections are left in the fields during grazing and they are kept indoors only at night.

10 60

iz_/ I

% 60 50

2 =

7] =

= — — 40 @

Y— o]

° L

£ 40 g

£ 05

% 30 S

g 20 £

€ 20 8

= &

% 10 10

2

< 9 0
Koinadugu Falaba Kono Tonkolili Port Loko Bombali

| Initial livestock supplied Number of heads of livestock after 6 month ~ — Percentage of increase (%)

Figure 3. Trend in the average number of livestock heads in six months in the 6 FFRUs
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It can be observed from the figure that the number of goats in each FFRU varied from one FFRU to the
other. Bombali is seen to be the best (63%), followed by Tonkolili (50%) and then Falaba (47%) and
Koinadugu (47%) districts. In Port Loko (3%), the rate of reproduction was affected due to the outbreak
of arthritis disease that broke up some time in May and June, 2022, where some of the stock died before
a nationwide vaccination was carried out to remedy the situation.

Crops
The application of livestock manure in the form of compost has given better yield than when it was not

applied. The rate of 4 t ha-! has determined remarkable differences in the yield in all the crops (Figure
4).
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Figure 4. Average yield of the tested crops before and after the application of the livestock manure
application (4 t ha™).

The yield of all the crops is higher when the livestock manure (at the rate of 4 t ha-1) was introduced
into the field of cultivation (Table 1). For example, before the introduction of the organic fertilizer, rice
was yielding 1.3 t ha*. After the livestock manure distribution in the same site, the yield was 2.2 t ha™?
with a difference of 0.9 t ha*. This result was similar for all the crops, with different increasing in the
yield, also as a result of the different edaphic factors of the study site.
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Table 1. Crop vyields in different locations in the research areas of Sierra Leone with and without
organic fertilization distribution.

Bombali Koinadugu Port Loko Tonkolili Kono Falaba

Before After Before After Before After Before After Before After Before After
appl. appl. appl. appl. appl. appl. appl. appl. appl. appl. appl. appl

Rice 1.8 2.2 0.9 2.2 13 2.2 1.8 24 13 21 0.8 2.0
Groundnut 0.8 1.2 19 1.0 1.2 1.0 13 1.0 14 0.3 1.0
Okra 0.7 0.9 0.5 14 0.5 0.8 0.4 0.6 0.5 0.7 0.3 0.6
Cabbage 0.0 0.0 0.8 1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.8 14
Carrot 0.0 0.0 0.8 13 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.0

Tomatoes 0.7 1.0 0.4 0.9 0.7 1.0 0.6 0.8 0.7 1.0 0.5 1.0
Cucumber 0.5 1.0 0.5 15 0.7 11 0.5 0.8 0.6 0.9 0.6 1.0
Garden egg 11 1.2 0.5 1.8 0.7 1.0 0.0 0.0 0.0 0.0 0.7 1.2

Pepper 0.9 1.0 0.5 13 1.3 15 1.1 1.3 0.0 0.0 0.2 0.7
Bitter bulb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Onions 0.0 0.0 0.9 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.7 1.0
Runner bean 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.8
Maize 1.2 1.4 0.0 11 1.1 1.2 1.0 1.2 0.9 1.2 0.0 1.0
Cassava 6.7 119 53 6.6 8.6 121 7.1 120 9.0 116 6.0 9.4
Benni 0.0 0.0 0.0 0.0 0.8 1.0 0.7 0.8 0.6 0.9 0.2 0.6

Krain krain 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.8 0.4 0.8 0.0 0.0

For example, cassava is responding with highest yields in Bombali (11.9 t ha™), Port Loko (12.1 t ha™)
and Kono (11.6 t ha?), when compared with Falaba (9.4 t ha) and Koinadugu (6.6 t ha™). This shows
that in spite of the use of organic manure in the production process, some crops respond better in some
locations than in others.

Conclusion

The tested integrated model of farming practiced by the small-scale farmers showed to be successful in
terms of crop yields and animal performances. Raising of livestock by the farmers who also cultivate
crops can allow that farmer to have multiple sources of food and income throughout the year. For
example, within 6 months of engagement into the integrated method of production, the farmers have
been able to increase the livestock from 180 to 252 heads of livestock. This means that the farmers can
generate almost twice the initial livestock quantity they have at the beginning of the year with very little
cost of maintenance, since animals can both graze on grasslands but also have forage from crop residues.

In terms of crops, it can be deduced that the use of organic manure from the farmer’s livestock provides
direct benefit by increasing the yield by 20 to 30% with very little or no cost, when compared with the
use of synthetic fertilizers.

Also, the use of organic fertilizer from the livestock of the farmer encourages long time effect on crops
cultivated in the same field since not only a single crop uses the applied quantity but also other crops
introduced after harvesting the 1% cycle due to its potential residual effect in the soil.
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The use of the same piece of land to produce all the farmer needs (crops and livestock) reduces the
tendency for the same farmer to move continuously to another place, where fresh clearing of the bushes
would have added to the farm drudgery (labour intensity) and would have caused relevant
environmental impacts. Therefore, the use of a sedentary farming model through the integration of crops
and livestock has numerous benefits to the farmers who have little or no machinery to aid their field
work.

There is highly reduced ecological destruction due to the non-burning of the natural vegetation during
the land clearing processes.
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Annex I1:
Agri-Livestock integration

Report for Burkina Faso
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IMPROVEMENT OF AGRI-LIVESTOCK INTEGRATION IN BURKINA FASO

PARTICIPATING INSTITUTIONS : Universitt NAZI BONI (UNB) and Institut de
I’Environnement et de Recherches Agricoles (INERA)

Characterization and improvement of strategies for agri-livestock integration in two agro-
ecological contexts of the western cotton area of Burkina Faso

Rational

In the cotton production area, the majority of farmers in most households own draft animals and/or
small ruminants. However, cattle breeding and crop production are poorly integrated, resulting in the
under-utilization of the crops residues for animal feed at the household level and low manure production
for crops fertilization. The investigation intends to assess the effects of the improvement of the crop
residues production and conservation processes, thus increasing the availability of forage and manure
at the household level and reducing the forage shortage during the dry season.

Objective

The overall objective of the study is to improve the productivity of agro-pastoral farms through the
optimization of the crop residues recycling process and the production of manure from domestic
ruminants in cotton-based farming systems in western Burkina Faso.

Specific objectives are: i) to evaluate the production and conservation capacity of fodder from crop
residues in cotton-based agro-pastoral farms and the nutritional quality of these fodders; ii) to determine
the best crop residues valorisation methods for better agri-livestock integration in cotton-based agro-
pastoral farms; iii) to determine crop residues based feeding methods that could improve the manure
production in terms of quantity and quality in cotton-based agro-pastoral farms.

The researches will be conducted following the below mentioned steps (Figure 1):

i) the analysis of farmers” knowledge on the valorisation of crop residues in the diet of
domestic ruminants and on the production of organic manure;

i) the determination of types, availability and use of crops residues in cotton-based agro-
pastoral farms;

iii) the production of organic manure in qualitative and quantity terms according to the type of
crops residues in cotton-based agro-pastoral farms;

iv) the comparative studies of the effects of organic manure on the production of crop and
forage species in cotton-based agro-pastoral farms

—
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Figure 1. Process of intervention
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1. Analysis of farmers” knowledge on the valorisation of crop residues in the diet of domestic
ruminants and the production of organic manure

The cattle breeders in this study are also engaged in cotton farming, leading to a highly diversified
living standard. To capture this diversity accurately, it was essential to stratify them into homogeneous
sub-groups. Thus, in addition to the common survey analyses on agri-livestock integration, whose
results were reported in Annex IV of this deliverable, the Université NAZI BONI and the Institut de
I'Environnement et de Recherches Agricoles selected four of the villages from those where the
interviews were conducted (Béréba, Wakuy, Dohoun and Sara) belonging to FFRU A, where they
deepened the agro-zootechnical investigation with semi-structured interviews from which to obtain a
stratification of the farmers useful for the designs of the trials. Proportional samples were selected from
each sub-group based on its size. Subsequently, all sub-samples were combined to form the final
working sample. This meticulous process ensured that the collected data during the investigation
accurately reflected the diversity inherent in the population.

Cotton yield was chosen as a reliable indicator of this diversity, being the sole dependable data
employed for the stratification. This deliberate choice was made to enhance the robustness of the study
by utilizing a comprehensive and trustworthy measure.

1.2.1. Development of the questionnaire

Even in this case, the questionnaire was designed using the KoboToolbox platform and uploaded on
smartphones for the survey’s administration. The objective of the survey, in addition to the general
characterization of the household and the farm, was to obtain more detailed information on: (i)
knowledge techniques for recycling crops residues, (ii) farming system and method of managing crops
residues (types of crop residues, storage location, period of use, processing, species and categories of
animals that receive them, duration of use of stocks, etc.), (iii) feeding animal with complementary
substrates (use of food concentrates), (iv) constraints and prospects for valorisation crops residues, (V)
knowledge of production techniques and valorisation of organic manure through crop residues (keeping
animal in the field, droppings during pasture after harvest, barn or sheepfold manure, composting, etc.),
(vi) the production and valuation techniques applied, (vii) the constraints and prospects for the
production and valorisation of organic manure.

1.2.2. Sampling of farmers involved in the study

In total 160 farmers (40 in each village) were sampled in the four villages where the study was
conducted. The selection process included the stratification of the farmers in three main sub-groups
based on the quantity of their cotton yield: low, medium and high. In each sub-group the farmers were
randomly selected and the number of farmers selected from each sub-group was proportional to the size
of the sub-group.

—
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1.2.3. Data collection

Data were collected using the participatory approach with a semi-structured question guide.

1.2.4 Data processing

The Excel spreadsheet was used for data compilation and the compiled data were processed using SPSS
and R software for different analyses.

2. Determination of crops residues types, their availability and their use in cotton-based agro-
pastoral farms

2.1. Site description

Trials will be conducted in four (4) villages (Béréba, Wakuy, Dohoun and Sara) in the Tuy province of
the Hauts Bassins region in western Burkina Faso. These villages are part of the nine (9) villages of
implementation of EWA-BELT project. The villages of Béréba and Ouakuy are administrated by the
district of Béréba; concerning Dohoun and Sara they belong to the communes of Houndé and Békuy
respectively.

2.2. Methodology

2.2.1. Estimation of crops residues quantity produced at the farms level

The quantity of crop residues produced at the farm levels was estimated through data on cropped areas
and crop yields (biomass and grains). These data from previous surveys were used to establish the value
of straw/grain ratios. These surveys outlined that the straw/grain ratios are: 3 for sorghum and millet, 2
for maize, 1.5 for cowpeas and groundnuts, 1.25 for rice and 1 for groundnuts (Zongo, 1997).

2.2.2. Estimation of the amount of residue stored and used

Sixteen farmers were monitored to estimate the quantity of residue stored and used during the period of
October to March. Farmers were selected and categorized according to the quantities of residues they
were used to store. To calculate the stored quantities of crop residues the average weight of a cartload
of residues (obtained from the mean weight of 4 carts) was multiplied by the number of cartloads
declared by the producer (Autfray et al., 2012). The quantities of residues consumed (animal feed,
cooking fuel, usage) were estimated every 7 days in the 16 farms.

2.2.3. Estimation of the number of animals in the household

The herd size was estimated in Tropical Livestock Unit (TLU). The following conversion factors were
used: 0.8 for cattle, 0.12 for sheep and goats, 0.6 for donkeys and 1 for horses (Savadogo, 2000).

2.2.4. Bromatological analysis of crop residues

Composite samples of the different types of crop residues from different producers were collected and
brought to the laboratory for bromatological analyses determining the content of dry matter (DM) and
mineral matter (MM), organic matter (OM), total nitrogenous matter (MAT), crude fiber (CB), Acid

—
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Detergent Fiber (ADF or lignocellulose), Neutral Detergent Fiber (NDF or cell walls), Acid Detergent
Lignin (ADL or lignin) and Fat (MG).

2.2.5. Data processing

An Excel spreadsheet was used for data compilation and the development of graphs. Minitab version
17 software will be used to perform the ANOVA with the general linear model. The variables will be
compared using the Tukey test at the 5% level.

3. Determination of crop residues based feeding methods which can improve manure production
in terms of quantity and quality in cotton-based agro-pastoral farms

3.1. Sites description and methodology

The study will be carried out in two (2) villages in the study area (V1 and VV2,). In each village, within
the cooperatives of cotton producers, four (4) producers (P1, P2, P3, P4) will be selected according to
the following criteria: volunteering, availability, the presence of at least 2 cows. Animals to be selected
for the implementation of the trials will be two 2 draft cattle (B1 and B2).

3.2.1. Experimental design

For each village of the households and the animals will be codified (Table 1). The animals will be
distributed randomly in four (4) sub-groups (SB): SB1, SB2, SB3 and SB4 to receive respectively 4
types of rations out of crops residues (R1, R2, R3 and R4). The daily dry matter (DM) requirements are
estimated at 3 kg 100 kg of animal weight; equivalent to 7.5 kg of ration from one TLU (250 kg).

Table 1. Animal distribution according to the villages

V1 V2
SB1 SB2 SB3 SB4
P1 P2 P3 P4 P1 P2 P3 P4
B1 VIPIB1  VIP2B1 VIP3B1 VIP4B1 V2P1B1 V2P2B1 V2P3B1 V2P4B1
B2 VIPIB2  VIP2B2 VIP3B2 VIP4B2 VIP1B2 V2P2B2 V2P3B2 V2P4B2

Village (V) /sub-group (SB) / farmers (P) / cow (B).

The rate of concentrates (cottonseed cake and cereal bran) in the ration content represents 20%. That of
crop residues (sorghum straw and peanut haulm) is variable and corresponds to 80%. The composition
of the rations is reported in Table 2.

—
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Table 2. Determination of crop residues based feeding methods to improve manure production in
cotton-based agro-pastoral farms: treatments tested

Treatment code  Treatment description

R1 0.75 kg of bran + 0.75 kg of cottonseed cake + 6 kg of sorghum straw
R2 0.75 kg of bran + 0.75 kg of cottonseed cake + 4.5 kg of sorghum straw + 1.5 kg of peanut
tops
R3 0.75 kg of bran + 0.75 kg of cottonseed cake + 1.5 kg of straw + 4.5 kg of peanut tops
R4 0.75 kg of bran + 0.75 kg of cottonseed cake + 6 kg of peanut tops
86284 D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX 11 \
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3.2.2. Animal feeding method

The draft oxen will be kept in permanent stalls and will receive daily rations based on crop residues.
The operation will last for 15 weeks with 2 weeks of adaptation. The daily meal will be divided into 2
parts: raw crop residues will be served in the morning and concentrates of cereal bran and cottonseed
meal in the evening. The next morning, the food refusal will be weighed before the new food service.
Water and mineral salts (cooking salt or lick stone) will be served when needed.

3.2.3. Data collection

Production of organic manure

The manure from the barn consisting mainly of animal faeces (urine and droppings) and food refusals
will be collected every 3 days and weighed. It will be gathered gradually in the same place (manure
pit). Manure samples will be collected for the determination of the dry matter (DM) content.

Determination of manure nutrients content

Composite manure samples from each animal will be collected and brought to the laboratory for
chemical analysis. For this purpose, the nutrient content including nitrogen, phosphorus and potassium
will be determined.

Other parameters such as: i) the rate of ingestion of rations; ii) the weight development of the animals
and iii) the quantity and quality of manure produced will be measured as well

3.2.4. Data processing

An Excel spreadsheet will be used for data compilation and the development of graphs. Minitab version
17 software will be used to perform the analysis of variance (ANOVA) with the general linear model.
The variables will be compared using the Tukey test at the 5% level.

The manure produced will be used in the FFRU in the section of soil fertility management and their
effects will be evaluated on crops (cotton, maize and sorghum) agronomic parameters and yield (grain
and biomass).
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4. Comparative studies of the effects of organic manure on the production of crop and forage
species in cotton-based agro-pastoral farms

The agri-livestock integration included the use of cattle manure for soil amendment. For this purpose,
trails were implemented through FFRUSs in order to test the effects of manure on soil properties and
fodder crops performance (Sorghum bicolor (L.) Moench and Vigna unguiculata (L.) Walp) in cotton-
based agro-pastoral farms.
Three trials were set:

1. Effects of fertilization on sorghum and maize yield in cotton-cereals based farming systems

2. Effects of tillage practice and compost on soil properties, sorghum and cowpea productivity

3. Effects of biochar and co-compost on soil carbon content in cotton cropping systems

Farmers involved in the different treatments were selected according to a participatory approach and
based on their socio-economic economic conditions.

1. Effects of fertilization on sorghum and maize yield in cotton-cereals based farming systems

Vegetal materials used in this trial: i) sorghum (Sariasso 01) and ii) maize (Espoir, SR 21).

Fertilizers: i) NPK (14-18-18-6S-1B) commonly used for cotton production; ii) urea (46% N) and; iii)
organic manure (mixture of cattle dung and the remaining crops residues used as forage to feed animals:
to be characterized).

The trial included the following treatments:

1. T1: control without fertilizer;

T2: 100 kg ha * of NPK (14-18-18+6S+1B);

T3: 150 kg ha? of NPK (14-18-18+6S+1B) + 50 kg ha* of urea (46% N);

T4: 200 kg ha? of NPK (14-18-18+6S+1B) + 50 kg ha* of urea (46% N);

T5: 6 t ha! of organic manure + 150 kg ha* of NPK (14-18-18+6S+1B) and 50 kg ha* of
urea (46% N)

akrow

Organic manure was applied as basic fertilizer during seedbed preparation while NPK was applied at
15 days after emergence and urea at 40 after emergence.
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2. Effects of tillage practice and compost on soil properties, sorghum and cowpea productivity

The combined tillage systems and fertilizer application methods. The tillage systems were used as main
treatment and organic fertilisation practices as sub-treatments. In total nine treatments were compared
and the ones with F2 included cattle dung as input:

1. T1F1: direct seedling + 0 compost

2. T1F2: direct seedling + 2 t ha* organic manure/compost per year

3. F1F3: direct seedling + 6 t ha! organic manure/compost per year

4. T2F1: minimum tillage (scarification of soil without turn over/IR12 decompactor) + 0 organic
manure/compost

5. T2F2: minimum tillage (scarification of soil without turn over/IR12 decompactor) + 2 t ha*
organic manure/compost per year

6. T2F3: minimum tillage (scarification of soil without turn over/IR12 decompactor) + 6 t ha*
organic manure/compost per year

7. T3F1: conventional tillage (soil ploughing at 30 cm depth with turn over) + O organic
manure/compost

8. T3F2: conventional tillage (soil ploughing at 30 cm depth with turn over) + 2 t ha* organic
manure/compost per year

9. T3F3: conventional tillage (soil ploughing at 30 cm depth with turn over) + 6 t ha organic
manure/compost per year

The application of mineral fertilizers was the same in all treatments: 200 kg ha' of NPK (14-18-
18+6S+1B) 15 days after seedling + 50 kg ha* of Urea (46% N) during flowering. Manure was applied
as basic fertilizer during seedbed preparation. Crops rotation in the different plots will be done
according to the following order: cotton-maize-cotton.

3. Effects of biochar and co-compost on soil carbon content in cotton cropping systems

For the cropping campaign of 2022, the trial on the effects of biochar and co-compost (mixture of
manure, fodder refusals from stables and biochar) on soil carbon content was conducted on maize and
cotton in the village of Wakuy. As treatments, it included the Common Mineral manure Application
Methods (CMAM):150 kg ha* of (NPK 14-18-18+6S+1B) applied at 15 days after cotton emergence
and 50 kg ha* of urea applied during maize flowering and various doses of biochar, co-compost or
compost were applied during seedbed preparation. Four treatments were compared in this trial:

1. T1(Control): 150 kg ha of (NPK 14-18-18+6S+1B) or CMAM
2. T2:6tha!of compost + CMAM

3. T3:5tha? biochar + CMAM

4. T4:6tha?of co-compost + CMAM
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Preliminary results

5.1. Stratification of the investigated farmers

Table 3 presents the description of the classes of cotton farms (CF). According to their main activities,
three classes were identified: “farmers” (FA1 and FA2) whose main activity is crops production,
“breeders” (BR), and “agro-breeders” (AB1 and AB2) who are mainly involved respectively in cattle
breading and integration of crops production and cattle breeding.

The group of FAL represented 26% of the interviewees cropping an area of 5.4 +2.4 ha, on average, in
cotton per each and owning 2.6+3.4 cattle per farm. FA2 was the largest group (55%) they were more
equipped than FAL in terms of agri-livestock integration capacity. The average area yearly cropped was
7.7 £4.1 ha and they own 4.1 +3.9 cattle.

The cattle breeders (BR) were the less represented in terms of ratio (2%); with a large number of cattle
of 32 £14.1 heads on average and a small area of 3.1 + 1.1 ha yearly cropped. However, their level of
equipment was almost similar to that of FA2.

The agro-pastoralists are the major producers; they have large areas yearly cropped, a large number of
cattle. AB1 agro-pastoralists represented 14% of the investigated farmers, they had an average of 14.9
+6.2 ha of cropped area per year breading an average of 13.9+11 head of cattle. AB2 represented 3%
of the investigated farmers. They cropped an average of 36.1+15 ha y* breading 28.9 + 23 cattle.
According to the analyses of variance the parameters making the difference between the five classes of
farmers were the total areas sown (TSA y?) and the level of agricultural equipment availability (number
of tillage materials and carts). The size of the cattle did not differ significantly between FAL and FA2
even if the number of cattle of FAL (2.6 £ 3.4) tended to be lower than the one of FA2 (4.1 + 3.9). The
size of the cattle of AB2 (28.9 + 23.1) remains lower than that of BR (32 + 14.1 heads) even if not
significantly. Regarding the cattle/TSA ratio, the results showed no significant difference between AB1
and AB2. The highest cattle/TSA ratio was recorded in the class of breeders (10.1+4.35).

Table 3. Characteristics of cotton farms (CF)

Cotton farm classes FAl FA2 BR AB1 AB2
26% 55% 2% 14% 3%
Working persons (N°) 45+ 2.8 5+2.8a 6.4 2.9 9.2+5.1b 179 + 14¢
Cattle (N°) 2.6 +3.42 4.1+3.92 32+14.1° 13.9+11.1 28.9 £ 23.1¢
Eq (N°) 16+1.1a 22+1b 2.1+0.7%® 37+16¢ 8.2+2d
Carts (N°) 0+02 1+0.1c 0.6 +0.50 1.2+0.74 1.8+0.8¢
TSA (ha) 5.4 +2.4a 7.7+4.1b 3.1+1.1% 149+6.2¢ 36.1 £+ 15.1d
Cotton productivity (kg hat) 1796+1107>  3591+5968P 172948152 7121+50212  36853+24650¢
Maize productivity (kg ha™t) ~ 185+1303¢ 20731702  2329+1006.2¢  9109+7891°  10800+7038b
Working persons/TSA ratio 0.23£0.18¢ 0.16+0.08° 0.4+0.27¢ 0.08+0.032 0.03+0.022
(N° ha)
Cattle/TSA ratio (N° ha) 0.46+0.522 0.6+0.662 10.1+4.35¢ 1.12+1.07° 0.87+0.76%

N° = number; TSA = Total sown area; CF = cotton farm; Eq= total number of farm equipment (manga
hoe, triangle, seeder, etc.). Means followed by identical letters on the same line are not significantly

different at the 5% level.
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Concerning the education standard of the investigated farmers, they were in general non-educated,
nearly half of the heads of households have not been to school. However, they received capacity
building in specific topics related to their domain of activities. AE2 agro-pastoralists received capacity
building in agro-pastoralism by NGOs and state services (Table 4).

In terms of household size, the number of household members in AE2 (28.5 £ 15.7) was significantly
higher than that of the other classes while breeders recorded the lowest number of people in the
household (10.1 + 7.8). The number of assets followed the same trend with AE2 recording the highest
number (17.9 + 12.4).

Most of the farmers used draft animals for farm operations: 98.1 to 100% of agro-pastoralists (AGL,
AG2) and 85.7% of breeders used them for animal tillage or transportation. The fattening activity was
not well developed in cotton-based farming systems since it was practiced by only half of the producers
and it was almost not-existent among AG1 farmers (3.1%).

Table 4. Socio-economic characterization of the investigated farmers

Cotton farm classes FA1l FA2 BR AB1 AB2

Average number of

+ a + a + ab + Ob + c
household members (N°) 10.1+7.8 10.4+55 13.3+5.7 18.1+9 28.5+15.7
'(T\Tf;ts of the household 4528 528  64+29% 92451 17.9 + 14¢
Education Literate 9.4 7.6 14.3 0.0 11.1
standards Primary 29.2 34.8 28.6 26.9 44.4

%
%) Secondary 1.0 5.1 0.0 135 22.2
and above
Koranic 10.4 7.6 143 17.3 0.0
school
Unschooled 50.0 44.9 42.9 42.3 22.2
Capacity Yes 8.5 18.2 14.3 17.3 33.3
building in
specific No 91.5 81.8 85.7 82.7 66.7
themes (%)
Draft 63.5 36.4 85.7 98.1 100.0
. animals
Practices Range
of breading . g 7.3 51.5 85.7 73.1 88.9
(%) animals
Fattening 3.1 30.8 42.9 21.2 33.3
animals
Livestock Cattle 26+3.42 41 +3.92 32+14.1¢ 13.9+11.1b 28.9 + 23.1¢
size (N°) Sheep 2.3+ 4a 3.5+5.4a 17.4 + 15.5¢ 9.4 +10.4b 249+ 17¢
Goats 5.1+7® 44+53 25 + 15.5d 9+10.4¢ 11.7 £ 11.20¢
TSA (ha) 5.4 +2.42 7.7+4.1b 3.1+1.1 14.9+6.2¢ 36.1 +15.1d

RACTSA ratio (N° ha™) 0.23+0.18¢ 0.16+0.08b 0.4+0.27d 0.08+0.032 0.03+0.022
TSA = Total sown area
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5.2. Agri-livestock integration level in the different strata of the investigated farmers

The implementation ratio of the agri-livestock integration practices adopted by the different classes of
the investigated farmers in cotton-based farming systems are presented in Figure 2. The main agri-
livestock integration options are the use of animals for farm operations and transports, production of
organic manure and recycling crop residues through forage are the dominant practices in agriculture-
livestock integration in the investigated sites.
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Figure 2. Level of application of agriculture-livestock integration practices according to farmers’group

One of the indicators of agri-livestock integration is the cattle manure (OM) availability. In the group
of agro-pastoralists (AB1 and AB2) the manure produced by the animal in the household was nearly
6000 in AB1 and 9000 kg y* in AB2 (Table 5). However, the proportion of animal organic manure
(AOM) (organic manure from stables and parks) remained low as well as the level of coverage of the
needs of the fields in organic manure (10 and 16.1 % respectively in AB1 and AB2). Concerning the
quantity of crop residues stored as fodder for livestock, it was 3638 kg y* in AB1 and 7480 kg y* in
AB2. This quantity of forage was reported to be low because it covered only 10% of the needs in AB1
and AB2. In terms of animal traction, the level of coverage of needs was also low among these agro-
pastoralists despite their superiority in the number of pairs of oxen on the farm.

The quantity of manure produced in the farmers groups FA1 and FA2 ranged from 2303 kg y! in AG1
to 3779 kg y* in AG2; with a high contribution from the stabilized animals (AOM): 66 and 65%
respectively in AG1 and AG2. The coverage level of needs for organic manure for fields amendment
was slightly higher than the previous two groups of agro-pastoralists and the animals were well fed due
to better availability of fodder to address the needs of their livestock (32.6 and 28.7% respectively in
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FAL1 and FA2). Their level of coverage of animal traction needs (74.1 and 77.9% respectively FAL and
FA2) is higher than that of agro-pastoralists but lower than that of stockbreeders.

As for the breeder, they recorded the highest quantity of manure produced from stables and parks cattle
(85%) which resulted in better coverage of their need in manure for amendment of their fields (68.3%).
The annual quantities of fodder stored (2000 kg y) represented 2.4% of the need for forage. In terms
of animal traction, they recorded the highest level of coverage of needs (96.8%).

We can conclude that the level of agri-livestock integration remains globally low in cotton-based
farming systems in the investigated areas (38.4%). It varies from one class of cotton farm to another.
Breeders have the highest level of integration (55.8%) followed by farmers. Agro-pastoralists, despite
their greater capacity for producing organic manure and storing fodder for livestock feed, recorded the
lowest levels of agriculture-livestock integration (30 and 22.8% respectively in AB1 and AB2).

Table 5. Level of agriculture-livestock integration in cotton-based farming systems

FAl FA2 BR AB1 AB2 Mean
Mean quantity of manure
(OM) (kgy™) 2303 3779 5292 5995 9000 5274
Share of AOM on the OM (%) 66 65 85 54 33 61
Mean number of PDO 0.8 1.2 0.6 1.9 35 1.6
Mean total cattle (TLU) 3.7 4.8 36.2 15.8 32.7 18.6
Mean quantity of SF (kg y™?) 2754 3140 2000 3638 7480 3802
TSA (ha) 5.4 7.7 3.1 14.9 36.1 13.4
COMR (%) 17.1 19.6 68.3 16.1 10.0 26.2
CFN (%) 32.6 28.7 2.4 10.1 10.0 16.8
CATN (%) 74.1 77.9 96.8 63.8 48.5 72.2
Gl (%) 41.3 42.1 55.8 30.0 22.8 38.4

OM = Organic Manure; FOA = Animal Organic Manure (from stables and parks); Manure PDO = Pair
of Draft Oxen; TLU = Tropical Livestock Unit; SF = Stored Forage; COMR = Coverage of Organic
Manure Requirements; CFN = Coverage of Forage Needs; CATN = Coverage of Animal Traction
Needs; GI = Global Indicator
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5.3. Constraints for agriculture-livestock integration in the investigated areas

Figures 3 and 4 represent the constraints of the implementation of agri-livestock integration in the
investigated areas. According to their class, fodder for feeding livestock in terms of quantity and quality
was expressed by 45% to 60% of farmers. Cattle breeders were the most affected by this constraint
(86%) and it resulted in the seasonal mobility of livestock for better greasing places.

Crops residues are an important food source that is poorly valued. The ratio of the low valorization of
the crop residues is 43% to 100% depending on the farmers ‘groups. Also, the valorization of crop
residues can sometimes lead to conflicts (Figure 3).

In addition to the above-outlined constraints, the recurrence of animal pathologies is a threat to animal
health and a serious issue for agri-livestock integration. The pest problem affects more agro-pastoralists
(62%) followed by stockbreeders (57%). The study also revealed other secondary constraints.
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Figure 3. Constraints in the implementation of agri-livestock integration
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Figure 4. Simplified system of agri-livestock integration practices and associated constrains

86284 D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX 11 \



EU H2020

Linking East and West African
PROJECT

farming systems experience into
a BELT of sustainable intensification

GA 862848 EWA-BELT
I

5.4. Amount of manure produced in the barns during the trial period

The results of the test (Figure 5) show that the animals receiving a supplementary ration (Group 1)
produced more manure than those under the usual conditions of producers (Group 2). After two months
of testing, the additional manure produced was 97 kg per cattle.
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Figure 5. Average quantity of manure produced (kg) per cattle in the barns for two months (April to
May)

5.5. Type and availability of crop residues in cotton based agro-pastoral farms

In the investigated areas, crop residues used for forage were mainly out of cereal crops: maize, sorghum
and millet (Table 6). Crop residues production was higher for maize compared to millet and sorghum.

Table 6. Cereal stalk fodder production in cotton-based farming systems

Sites Maize (t DM) Sorghum (t DM) Millet (t DM)
Bondokuy, Kari-Kamandena, 11.48 +8.04 9.31+6.47 7.28 +4.83
Béréba, Dohoun, Ouakuy, 13.65+8.9 6.06 + 3.47 1.79+0.51
Mean 12.89 + 8.57 8.11+5.40 4.80 + 3.83

Concerning the animal feeding capacity (TLU ha™) of the different types of biomass, especially during
the dry season, sorghum stalks recorded the highest score in terms of potential (8.32 + 3.75 TLU ha™)
or for useful production of stems (4.16 + 1.88 TLU ha™).
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Table 7. Animal feeding capacity by the forage produced from cereal stalks form March to May (period
of natural forage shortage)

Maize Sorghum Millet
Animal By potential stem production 5.48 +1.78 8.32+3.75 4.30+£1.40
feeding
capacity By the useful production of stems 2.74 £ 0.89 4.16 +£1.88 2.15+0.70
(TLU/ha)

Table 8. Amount of organic manure produced in cotton base farming systems

Investigation sites Béréba Bondokuy Dohoun Kari/K Wakuy Sara
Quantity of manure 3.20£#1.60 3.36#3.01 2.53+2.07 3.73x3.11 2.95+1.90  3.39+1.69

(t DM/year/house hold)

5.6. Effects of organic manure on crops productivity

The preliminary results of the three trials including animal manure as input are reported in the following
tables 8 to 11. The global trends show that the application of animal manure allowed stabilization or
improvement of crop yields and/or biomass production ever for cereal or cotton. Farther investigation
will be carried out for the coming seasons to confirm these trends.

Table 8. Sorghum performance at Dohoun cropping campaign 2022

Sorghum yield Sorghum grain yield Sorghum yield
FFRU Treatments panicle (kg ha™) (kg ha™) Straw (kg ha™)
T1 2400.0 £ 172.12 1300.0 £127.7 # 5466.7 +291.8 2
T2 2658.3 + 436.6 * 1391.7 £299.8 7483.3+781.5%®
T3 3400.0 +397.2° 1950.0 £ 164.4 ¢ 9325.0 + 2052.8 °
S036 T4 3158.3 +411.3% 1816.7 + 264.6 ™ 9925.0 + 1509.6 ©
T5! 3066.7 + 495.2 2 1841.7 +228.3 % 8241.7 £1153.2 2
Probability 0.01 0.002 0.001
Significance S S S
T1 1341.7 +333.72 833.3+25392 3383.3+1452.6%
T2 2008.3 + 694.6 ® 1216.7 £404.1 % 5450.0 + 1816.52
T3 2291.7 +317.8" 1491.7 £220.1° 6550.0 + 1396.7 @
S201 T4 2275.0+168.6"° 1408.3+131.6° 6533.3+489.1%
T53 2058.3 +372.6 1341.7 +197.0® 6291.7 +2198.4 2
Probability 0.03 0.02 0.05
Significance S S NS

Values followed by the same letter in the same column are not statistically different at a <0.05 according to Tukey's HSD test;
T1: control without fertilizer; T2: 100 kg ha™* of NPK (14-18-18+6S+1B); T3: 150 kg ha™ of NPK (14-18-18+6S+1B) + 50
kg ha™* of urea (46% N); T4: 200 kg ha™! of NPK (14-18-18+6S+1B) + 50 kg ha-1 of urea (46% N); T5: 6 t ha™* of organic
manure/compost + 150 kg ha-1 of NPK (14-18-18+6S+1B) and 50 kg ha-1 of urea (46% N).

! Treatment including cattle dung.
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2. Effects of tillage practice and compost on soil properties, sorghum and cowpea productivity

Table 9. Effects of tillage practices and organic amendments on maize yield in 2022

Farmers’ codes

Treatments M246 MO007 C159
T1F1 2400.0+495.2 2 1391.7 £284.62 1400.0 +524.9%
T1F2? 2658.3+624.42 1733.3£462.7 2 1000.0 £219.4 2
T1F3 2916.7+370.7 2 1591.7 £488.7 2 1558.3 +£248.5 ®
T2F1 2258.3+168.6 2 1750.0 £ 354.3 2 1508.3+ 150.0 %
T2F2 2633.31£276.2 2 1800.0 £593.8 2 1775.0 £189.3
T2F3 2683.3+602.82 2258.3+434.1% 1750.0 £191.5°
T3F1 2466.7+186.6 2 1366.7 £489.12 1916.7+ 110.6 °
T3F2 2683.3+597.22 2066.7 £904.7 2 1483.3 £2349
T3F3 2225.0+83.32 1600.0 £ 358.02 1950.0 £319.1°

Probability 0.38 0.29 <0.001

Significance NS NS S

Values followed by the same letter in the same column are not statistically different at a <0.05 according to Tukey's HSD test;
T1F1: direct seedling + 0 compost; T1F2: direct seedling + 2 t ha™* organic manure/compost per year; F1F3: direct seedling
+ 6 t ha! organic manure/compost per year; T2F1: minimum tillage (scarification of soil without turn over/IR12
decompactor) + 0 organic manure/compost; T2F2: minimum tillage (scarification of soil without turn over/IR12 decompactor)
+ 2 t ha™! organic manure/compost per year; T2F3: minimum tillage (scarification of soil without turn over/IR12
decompactor) + 6 t ha-1 organic manure/compost per year; T3F1: conventional tillage (soil ploughing at 30 cm depth with
turn over) + 0 organic manure/compost; T3F2: conventional tillage (soil ploughing at 30 cm depth with turn over) + 2 tha™
organic manure/compost per year; T3F3: conventional tillage (soil ploughing at 30 cm depth with turn over) + 6 t ha™* organic

manure/compost per year;

2 Treatment including cattle dung
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3. Effects of biochar and co-compost on soil carbon content in cotton cropping systems

The trials on biochar were conducted on maize and cotton

Table 10. Effects of biochar and co-composts on maize yield at Wakuy in 2022

Farmers'code  Treatments Mai(zlfgeﬁ;i))/ield Maiz(ek g?rhaa:i)yield Maiz(i ;ttr;\i\i)yield
T1 2511.1+676.8% 1944.44 +550.8 @ 3438.88 £ 344.7 @
T2 3105.6 +496.8 @ 244444 +£373.42 3900.00 + 794.72
T3 2461.1 £705.3°2 1938.88 £ 577.9 2 3700.00 £ 590.7 2
T4 3127.8 £796.5% 2505.55 £ 675.7 2 3422.22 + 667.2 2
Probability 0.19 0.16 0.5
M158 Significance NS NS NS
T1 2200.0 £580.8 2 1761.1+491.4°2 3644.44 + 881.8 2
T2 2633.3+ 486.3 2 2061.1 +407.4# 4427.77 49502
T3 3111.1+£709.5¢ 2500.0 £594.08 4561.11 +931.32
T4 2327.7 £464572 1822.2 +381.6% 4261.11 +758.82
Probability 0.05 0.05 0.22
M166 Significance NS NS NS

Values followed by the same letter in the same column are not statistically different at a <0.05 according to Tukey's HSD test;
T1 (Control): 150 kg ha™ of (NPK 14-18-18+6S+1B) or CMAM; T2: 6 t ha™ of compost + CMAM; T3: 5t ha™* biochar +
CMAM; T4: 6 t ha™ of co-compost + CMAM

Table 11. Cotton yield as affected by the different biochar based treatments at Wakuy in 2022

Farmers’Code  Treatments C?SST]:_?;IS Cc(;Egc;rrl]grlz;\in Biomass yield (kg ha™)
T1 52777.8 £36613.1°2 177.8+£160.12 1816.7 £1187.5°2
T2 24222.2 £ 20109.3 2 111.1+108.9% 1266.7 +856.1 @
T3 63888.9 + 69586.0 @ 238.9+236.1° 12945 +925.8 2
T4 70000.0 £61339.1 2 188.9+ 19852 1438.9 +691.3 @
Probability 0.43 0.68 0.72
Significance NS NS NS

C091
Values followed by the same letter in the same column are not statistically different at a <0.05 according to Tukey's HSD test.
T1 (Control): 150 kg ha* of (NPK 14-18-18+6S+1B) or CMAM; T2: 6 t ha™* of compost + CMAM; T3: 5t ha™ biochar +
CMAM; T4: 6 t ha™ of co-compost + CMAM
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Conclusion

The preliminary results of the study show that agri-livestock integration practices are dominated by
traction, the production of organic manure and the use of crop residues in livestock feed. However, it
generally appears that the level of application of these practices remains low. This trend is more marked
for producers who have large areas of cropped lands with a low level of crop residue storage; the
involvement of livestock in manure production is low. The main constraint for reinforcing the
complementarity between agriculture and livestock breeding remains the low availability and
accessibility of fodder for livestock whose role is essential for the sustainability of these systems.

The preliminary results of the feeding trial for draft cattle have shown that supplementation based on
sorghum stalks improves manure production on the farm and helps limit animal weight loss. This will
also allow producers to better approach the start of field work in this context of high climatic variability.
The preliminary results of the three trials including animal manure show that the application of animal
manure allowed stabilization or improvement of crop yields and/or biomass production both for cereal
and cotton. Farther investigation will be carried out for the coming seasons to confirm these trends.
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Annex Il1:

Agri-Livestock integration survey module
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T 2.3 - Agri-livestock integration survey

General Information

Text to read:

Hello, my name is -------------- . I work for ---------------- . We collect data that the EWABELT project and other stakeholders will use for research

and decision support planning purposes. | am visiting you to collect data on your farm. The information you provide will be treated confidentially. It
will only be used for statistical purposes and will be put together with responses from other farmers for use in the formulation of programmes and
policies to promote more productive and sustainable agriculture. This interview should take

approximately one hour. We appreciate your participation in answering these questions. If you have any questions regarding this survey, you are
welcome to telephone the number indicated on the visiting card of EWABELT project that | leave for you here. | express my gratitude for your
participation in this survey in advance

For the enumerator: if you work for more than one organization in a single FFRU please be sure to select all of them

Select the organization(s) for which you work

UNIVERSITE NAZI BONI

INSTITUT DE L'ENVIRONNEMENT ET DE RECHERCHES AGRICOLES
THE UNIVERSITY OF MAKENI

COUNCIL FOR SCIENTIFIC AND INDUSTRIAL RESEARCH-SARI
KUNDOK DEVELOPMENT CONSULT LIMITED

KENYA AGRICULTURAL AND LIVESTOCK RESEARCH ORGANISATION
UNIVERSITY OF NAIROBI

THE NELSON MANDELA AFRICAN INSTITUTE OF SCIENCE AND TECHNOLOGY
TANZANIA AGRICULTURAL RESEARCH INSTITUTE

HAWASSA UNIVERSITY

JIMMA UNIVERSITY

INTERNATIONAL CENTRE FOR RESEARCH IN AGROFORESTRY

OooooOooooooono

Your Enumerator Code is made of a first part that stands for the organization(s) for which you work and a numeric
part that indicates your Personal Code. The Personal Code is a 4 digits number (e.g. 0001).

Please insert only the numerical part of your Personal Enumerator Code (e.g. 0001, 0002, etc.):

Your Enumerator ID is:
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Select the country where the holding is located
Burkina Faso

Ghana

Sierra Leone

Ethiopia

Kenya

Tanzania

oooooo

Select the district/study area where the holding is located:

ooooogogo
T O MmO wWw>

The Holding Identification Number is made of a first part that stands for the country, the
organization(s) and the FFRU and a numeric part that indicates the Farmer Code. The Farmer Code is a 4 digits
number (e.g. 0001)

Please insert only the numerical part of the Farmer Code (e.g. 0001, 0002, etc.):

The Holding Identification Number is:

Record your current location

latitude (x.y °)

longitude (X.y °)

altitude (m)

accuracy (m)
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Name of the location

Name of the sub location

Section I Agri-livestock integration
____________________________________________________________________________________________________________________|

Q1. Why do you rear domestic animals?
Tick all that apply

Animal food product
Animal power
Animal by-products
Other

oooo

QL.1.If other, please specify

Q2. Kind of animals reared and management practices
Tick all that apply

Draft animals
Park animals
Fattening animals
Dairy animals
Other

ooooag

Q2.1.If other, please specify
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Q3. Kind 1) 2) 3) How did 4) 5) Daily 6) Daily 7) Are the 8) If the 9) How do you feed your
of animals | Number | Practices you get the | Primary production production | animals animals are | animals? Which feeds, if any?
reared of Animals purposes of of milk per of milk per | breaded not (tick all that apply)
and breeding (tick all that | keeping the animal per animal per | within the breaded
practices apply) animals (tick all | day, peak day, lean household? | within the
of that apply) period? period? household,
breeding. (lit/day) (lit/day) where are
For each [N. eggsin they
type of case of breaded?
animal chicken]
reared,
please
specify:
O natural pasture
Donkey O installs | O partner O manure O vyes O crop residues
O tethered support | O as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift O for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
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O natural pasture
Cows O installs | O partner O manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift O for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
O natural pasture
Goats O installs | O partner O manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift o for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
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O natural pasture
Sheep O installs | O partner O manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift O for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
O natural pasture
Horses O installs | O partner O manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift o for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
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O natural pasture
Pigs O in stalls partner manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- heritage for sell residues
based gift for O natural pasture with food
(freely purchase household supplement (lick stones, agro-
grazing) other consumption industrial by-products,etc.)
O draft for work O crop residues in the dry
animals other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
O natural pasture
Chicken O installs partner manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- heritage for sell residues
based gift for O natural pasture with food
(freely purchase household supplement (lick stones, agro-
grazing) other consumption industrial by-products,etc.)
O draft for work O crop residues in the dry
animals other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
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O natural pasture
other#l O installs | O partner O manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift O for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
O natural pasture
other#2 O installs | O partner O manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift o for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3
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O natural pasture
other#2 O installs | O partner O manure O vyes O crop residues
O tethered support as an asset O no O natural pasture and crop
O pasture- | O heritage | O for sell residues
based gift O for O natural pasture with food
(freely O purchase household supplement (lick stones, agro-
grazing) | O other consumption industrial by-products,etc.)
O draft O for work O crop residues in the dry
animals O other season and natural pasture in
O other the rainy season
O other#l
O other#2
O other#3

Q3.1.If you have other animals, please specify (Other #1)

Q3.1.1f you have other animals, please specify (Other #2)

Q3.1.1f you have other animals, please specify (Other #3)

Q3.4.1f you have selected "other" for question 3) "How did you get the animals ?", please specify the animals you are referring to and the way you get those animals
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Q3.5. If you have selected Name of the feed

other#1" or "other#2" or
"other#3" for question "9) How
do you feed your animals? Which
feeds, if any?" please specify
which feeds you are referring to
and the animals fed on that feed:

Types of animals fed on that feed

other#l

other#2

other#2

Q4. Do you cultivate forage crops (for grazing? grains? biomass consumed elsewhere?)

O Yes
O No

Q4.1. If yes, please specify why

Tick all that apply
O For grazing
O For grains
O Biomass consumed elsewhere
O Other

Q4.2. If other, please specify:

Q5. What type of crops do you mostly cultivate in your community?

o Arable/seasonal
o Permanent
o Both
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Q6. Most important crop
products

1) Which are the most
important crop
products?

(Use also the code as in
the Support Material)

2) How do you process
this product?

3) Do you self-consumed
it or do you sell it in the
market?

Crop product 1

o  Fully sold in the market

o  half self-consumption and
half sold in the market

o fully self-consumption

o  mainly sold in the market

o mainly self-consumption

Crop product 2

o  Fully sold in the market

o half self-consumption and
half sold in the market

o fully self-consumption

o mainly sold in the market

o mainly self-consumption

Crop product 3

o  Fully sold in the market

o half self-consumption and
half sold in the market

o fully self-consumption

o mainly sold in the market

o mainly self-consumption

Crop product 4

o  Fully sold in the market

o half self-consumption and
half sold in the market

o fully self-consumption

o  mainly sold in the market

o mainly self-consumption

Crop product 5

o  Fully sold in the market

o  half self-consumption and
half sold in the market

o fully self-consumption

o  mainly sold in the market

o mainly self-consumption

Crop product 6

o  Fully sold in the market

o  half self-consumption and
half sold in the market

o fully self-consumption

o  mainly sold in the market

o0  mainly self-consumption

Crop product 7

o  Fully sold in the market

o  half self-consumption and
half sold in the market

o fully self-consumption

o  mainly sold in the market

o mainly self-consumption

86284

D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX 111

\

12




EU H2020
PROJECT

Linking East and West African
farming systems experience into

a BELT of sustainable intensification

GA 862848

<

EWA-BELT

Crop product 8

o  Fully sold in the market

o half self-consumption and
half sold in the market

o fully self-consumption

o0  mainly sold in the market

o0  mainly self-consumption

Crop product 9

o  Fully sold in the market

o  half self-consumption and
half sold in the market

o fully self-consumption

o  mainly sold in the market

o mainly self-consumption

Crop product 10

o  Fully sold in the market

o half self-consumption and
half sold in the market

o fully self-consumption

o mainly sold in the market

o mainly self-consumption

Q6. Most important
livestock products

1) Which are the most
important livestock

2) How do you process
this product?

3) Do you self-consumed
it or do you sell it in the

products? market?

(Use also the code as in

the Support Material)

Livestock product 1

o  Mainly sold in the market
o  Fully self-consumption
o Mainly self-consumption
o  Fully sold in the market
o  Half self-consumption and

half sold in the market

Livestock product 2

Oo0ooo0oo

Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Livestock product 3

Oo0oo0oo0o

Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Livestock product 4

Oo0ooo0oo

Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

86284
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Livestock product 5
Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Oo0oo0oo0oo

Livestock product 6
Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Oo0oo0oo0o

Livestock product 7
Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Oo0ooo0oo

Livestock product 8
Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Oo0oo0oo0oo

Livestock product 9
Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Oo0Oo0oo0o

Livestock product 10
Mainly sold in the market
Fully self-consumption
Mainly self-consumption
Fully sold in the market
Half self-consumption and
half sold in the market

Oo0ooo0oo

Q8. How do you sell your products?

Q9. What method of communication do you use to attract people to buy your products?

86284 D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX 111
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Q10.What means of transport do you or other people use to reach your community or take your products out of your
community?

Q11. How do you manage the dung of grazing animals?
Tick all that apply

Burned

Incorporated into the soil
Left over the soil
Harvested and processed
Other

ooooo

Q11.1 If other, please specify:

Q12. Do you use animal manure to sustain crop production?

o Yes
o No

Q12.1.If yes, please specify the quantity of manure produced per year at household level and specify the measure
unit you used:

Q13. Do you self-produce manure?

o Yes
o No

Q13.1.1f yes, how?

Q13.2 Do you sell it?

o Yes
o No
86284 D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX 111
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o Yes
o No

Q14.Do you have other sources of manure di erent from the one produced within your household?

Q15.What other sources of manure do you have?
Tick all that apply

O Purchase
O Manure contract with cattle breeders
O Other

Q15.1 If other, please specify:

Q16. Kind of integration of cattle breeding and crop production
Tick all that apply

Labour

Manure

Economy (money)
Cultural

Other

ooooag

Q16.1 If other, please specify:

Q17.What do you purchase with the money generated from selling the animal?
Tick all that apply

Farm inputs

Care for family member

Pay school fee

Purchase new animal or animal products
Other

ooooao

Q17.1 If other, please specify:
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Q18.What type of mechanization do you practice?
(Mechanization is the process of changing from
working largely or exclusively by hand or with
animals to doing that work with machinery)

What type of mechanization do you practice?

in crop cultivation

o Full/Total
o Partial or no mechanization

in animal production

o Full/Total
o Partial or no mechanization

Q19.Do you su er from any environmental problems (Soil, air and water pollution or wildfire, flooding)? (Reference

year: Last 3 calendar years)

Tick all that apply
O Soil erosion (loss of topsoil through wind or water erosion)
O Reduction in soil fertility
O Waterlogging, including by floods
O Salinization of irrigated land
O Soil pollution
O Air pollution
O Water pollution
O  Wildfire
O Other
O None of the above

Q19.1 If other, please specify:

Q20.What do you do or how do you cope with these problems?

Q21.Are there inter community land conflicts?

Never
Rarely
Sometimes
Often
Always

OO0OO0OO0OO0

Q21.1 Which are the most frequent reasons of the inter community land conflicts?
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Q22.What other non-agricultural activities that are adversely a ecting your farming?
Tick all that apply
O Mining
O Logging
O Charcoal burning
O Sand mining, stealing
O Rural-urban migration
O Inadequate social amenities (schooling, medical, jobs, electricity, road networks etc)
O Other
Q22.1 If other, please specify:
Q23.1s the mixed crop-livestock system satisfactory?
0 Highly satisfactory
o0 Satisfactory
0 Neither satisfactory or dissatisfactory
o0 Dissatisfactory
o0 Highly dissatisfactory
Q24. Which are the benefits of the mixed crop-livestock system?
Q25. Which are the constrains of the mixed crop-livestock system?
Q26. Do you wish to modify crop and livestock management?
o Yes
o No
Q26.1. If yes, what do you like to do?
86284 D2.11 - Preliminary Report on agri-livestock integrated management — ANNEX 111
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