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B INTRODUCTION

The CoProdScope: an assessment and
advisory tool for crop and livestock
co-product management to intensify
agroecology in agro-pastoral farms

Sombénéwendé Rasmata Zoungrana'234#,
Djamilatou Saadatou’, Ollo Sib*9,

Alain Loabé Pahimi’, Souleymane Ouédraogo!,
Valérie M.C. Bougouma-Yaméogo?, Eric Vall*4

Summary

Farms in the savannah areas of Sub-Saharan Africa are largely based on agro-pas-
toral systems. They produce large quantities of crop co-products (CCP, i.e. straw,
tops, stalks) and livestock co-products (LCP, i.e. faeces). However, only a small
proportion of co-products are recovered to meet their needs for fodder, manure
and mulch. Improving the recovery of co-products is an effective way to boost farm
autonomy, productivity and long-term resilience. It also helps farmers adapt their
practices as part of their agroecological transition. The CoProdScope (CPS) tool
has been designed with a view to: 1) carrying out an annual review of CCP and
LCP management at farm level in order to assess the proportion of unrecovered
co-products, and to identify recovery potential (Review step); 2) co-designing a
strategy with the farmer (Management Advisory step), with the aim of recovering
CCP and LCP as fodder (storage and field grazing), manure (pit and pen manure),
mulch (straws and stalks covering the soil ) and for distribution to third parties. This
paper describes how the CPS tool works, presents the review and management
advisory stages, and outlines the potential digital development that would make
the CPS suitable for field use by agricultural advisors.
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livestock numbers are rising, along with the demand for fertilisers
and animal feed (Chatel and Raton, 2018; Herrmann et al., 2020). Yet,

In the savannahs of Sub-Saharan Africa, most farms are based on
agro-pastoral systems (Séré and Steinfeld, 1996). With the rapid
growth in the farming population, more land is being cultivated and
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the price of mineral fertilisers and industrial livestock feed is also
going up (Giller et al., 2021). Cheaper alternatives are urgently needed
to replace industrial inputs. These alternatives should also be able to
meet farmers’ needs and provide the necessary requirements for their
farm activities, in terms of animal nutrition and soil organic matter.

Crop co-products (CCP, i.e. tops, straw, stalks) and livestock co-
products (LCP, i.e. faeces) are produced in large quantities in
agro-pastoral systems. They are raw materials that farmers can use
for saving forages, producing manure or maintaining mulch on soil.
Since crop-livestock synergies and co-products recycling are major
factors for agroecology in West African agro-sylvo-pastoral systems
(Vall et al., 2023), the tool will help farmers to increase recycling of
their co-products and thus become more resilient in a context of high
input prices and a lack of natural resources. This document describes
the operating principles of the CPS tool, presents the review and advi-
sory co-product stages and describes how the CPS can be used in the
field by agricultural advisers.
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W THE DESIGN AND THE USE OF THE CPS
How the CPS works and how to use it

The CPS is based on the interaction between an agricultural advi-
sor and a farmer. By working together, they can compile (Figure 1):
1) a quantified review of the CCP and LCP management and con-
version practices used to produce fodder, manure and mulch at farm
level over the past year (N) (called Review stage); and 2) a quantified
advisory for valuing CCP and LCP for the coming year (N+1) (called
Advisory Management stage).

Ideally, the review should be carried out at the end of the dry season
in year N, when the recovery cycle for year N’s co-products is over.
The Advisory should be jointly drawn up at the end of the rainy sea-
son in year N+1, when the farmer has a clearer idea of what the situ-
ation will be in the upcoming dry season (crop yields, animal births,
availability of spontaneous pasture and water). There are few agricul-
tural advisors in the savannah areas of Sub-Saharan Africa (Faure et
al., 2019). To address this issue, the CPS was designed to provide a
rapid review and advisory (around 2 hours/review and per advisory).
Thus, it has tremendous potential in terms of agricultural outreach.

Numerous farm activities are involved in the production and valo-
risation of CCP and LCP, all year round (Figure 2a). Therefore, a
significant amount of data collection is required to complete the
CCP & LCP Review. When completed, the review reveals the short-
fall between what the farm produces and what it actually needs in
terms of fodder, manure and mulch. The CPS can then help co-design
a strategy with the farmer. It generates a CCP & LCP Advisory to
improve the valorisation of co-products (Figure 2b).

The CPS currently runs on Microsoft® Excel®. It is comprised of
12 worksheets, many of which are interconnected, to provide an accu-
rate picture of the stages involved in the production and use of co-
products (Figure 3): Introductory Sheets (1.1 and 1.2) explain how the
CPS works and how it is organised; Sheet 2 provides parameters for the
Input Sheet equations; Sheet 3 contains farm data, such as the farmer’s
identity, labour and equipment; Sheets 4.0, 4.1,4.2,4.3 and 4.4 relate
to the Review process; Sheets 5.0, 5.1 and 5.2 relate to the co-design
of the Advisory process.

We present the CPS and how to use it for compiling a review and an
advisory, by providing data from a fictitious farm in the following sec-
tions (Vall and Zoungrana, 2023). Vall and Zoungrana (2023) deposited
a dataset in Dataverse, showing the tool in its current version 2.0 on
Excel, using data from a fictitious farm as an example.

Preliminary phase: introducing the tool,
entering the parameters and farm characterisation

Introducing the CPS

Sheets 1.1 and 1.2 explain the aims of the CPS, how it is organised
and how to use it. Sheet 1.1 sets out the two main goals: the review
and the advisory. Sheet 1.2 outlines the overall organisation and pro-
vides details of the different steps, their content, as well as the links
between the sheets.

CPS parametrization

To configure the CPS, several parameters are required. They are
listed on Sheet 2:

a. HOW THE CPS WORKS

CCP AND LCP MANAGEMENT PRACTICES
AT FARM LEVEL

REVIEW/ADVISORY \ a
CCP AND LCP RECOVERY

FODDER
STOCKS

CPS

MULCH

b. REVIEW AND ADVISORY: TWO SESSIONS

Year N (Review) ;EE
Rainy season
(N+1)

Rainy season
(N)

Figure 1: How the CPS works /// Comment fonctionne le CPS
2

i Year N+1 (Advice)
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a. REVIEW: Assessment of co-products (CCP, and LCP) management in year N
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Figure 2: Life cycle of co-products (CCP and LCP) during the review year (a) and during the advisory year (b) /// Cycle de vie des co-produits
(CCP et LCP), pendant I'année de bilan (a) et pendant I'année de conseil (b)
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Sheet 1.1: Introduction
Sheet 1.2: CPS Qrganisation

'

Sheet 2: Parameters

!

Sheet 3: Farm
Characteristics

/

Review Stages
(Year N) - Sheet 4.0

Advisory Stages
(Year N+1) — Sheet 5.0

Sheet 4.1: Review Process Sheet 5.1: Advisory process

1 - Initial situation 1 - Initial situation (recap)

Sheet 4.3:
Livestock and
Available LCP

inventory

Sheet 4.2: Crop
and Available
CCP inventory

2 = Cultivated area, livestock,
mobility and available CCP and LCP
updates for year N+1

3 - Storage and distribution of fodder
ccp
2 — Cultivated area, livestock,
mability and available CCPs and LCPs
for year N

4 - CCP field grazing

5 - Manure production and spreading
3 - Storage and distribution of fodder

ccp 6 - Residual CCP recovery as mulch
4 - CCP field grazing 7 - Surplus CCP and LCP management

5 - Manure production and spreading 8 - Final annual review

6 - Residual CCP recovery as mulch

7 - Surplus CCP and LCP management

8 - Final annual review

l ,

Sheet 4.4: Review Sheet 5.2: Advisory
summary for year N summary for year N+1

Figure 3: The general structure of the CPS and the stages involved in
preparing the Review and Advisory for the on-farm management of
crop and livestock co-products (CCP and LCP) /// Structure générale
du CPS et étapes d'élaboration du Bilan et du Conseil de gestion
des co-produits de culture (CCP) et d'élevage (LCP) a I'échelle de
I'exploitation agricole

* The farm orientation (crop, livestock or mixed farming) according
to the typology proposed by Vall et al., 2017;

* The duration of the 3 seasons (rainy, cool dry and hot dry) in months
and days, as defined by the agricultural advisor and the farmer;

* Crops: grain/CCP ratios taken from the literature (Pieri, 1989;
Dugué, 1999; Autfray et al., 2012 and UICN, 2015) and unpublished
reports; typical crop yields based on statements from a sample of
15 farmers;

* Livestock: herd composition (cattle, sheep and goats) in Tropical
Livestock Units (1 TLU = 1 adult weighing 250 kg), according to
age and sex; and specific data for cattle (suckling, dairy, draught,
fattening cattle);

* Fodder intake: voluntary feed intake at pasture (6.25 kg Dry Mat-
ter (DM)/TLU/day; Guérin et al., 1985); portion of fodder in hot
dry season (5 kgDM/TLU/day, according to our recommendations);
coarse fodder rejection rate (10%) and quality fodder rejection rate
(5%), as suggested by the authors;

e Production of solid manure (LCP), which is estimated at
1,000 kgDM/TLU/year (Landais and Guérin, 1992);

* The transport capacities (bales carried, rickshaw, motorbike,
dumper, small and large flatbed cart, motorised tricycle, trailer)
for CCP (cotton stalks, coarse fodder, quality fodder) and manure,
based on our field measurements;

 Manure: mature manure/raw material recovery rate (60% in pits and
barns, 40% in pens and heaps, as suggested by the authors); percent-
age of CCP (60%) and LCP (40%) in quality manure (Berger, 1996);
recommended annual input (2,500 kgDM/ha/year; Berger, 1996);

* Ground cover (mulch): we created a 6-level visual assessment grid
for the mulch density of four crops (cotton, maize, sorghum/mil-
let and rice) with conversion ratios for each score (in kgDM/ha).
We suggested the following mulch density levels: low 2 tDM/ha;
medium 4 tDM/ha; and high 6 tDM/ha.

Farm characterization

In Sheet 3, the agricultural advisor enters the data on the farmer’s
identity, labour, equipment and tools for handling, storing and col-
lecting co-products.

The data for the fictitious farm are as follows: 9 farming assets
(8 family workers and 1 employee); 1 small flatbed cart; 1 motorised
tricycle; 2 fodder sheds; 1 manure pit.

Stages involved in the review and advisory processes
for co-product management

From this point onwards, eight stages are involved in compiling the
review and advisory, respectively (Figure 3). While the sequences are
similar, different approaches are used for each process. For the review,
the agricultural advisor asks the farmer about what was achieved in
year N. For the advisory, the farmer and the advisor discuss and agree
on what should be done in the coming year, N+1.

Below, we present a step-by-step guide to the review and advisory
processes. In this paper, we focus primarily on the interactions
between the agricultural advisor and the farmer at each stage. The
results for the key CPS calculations are illustrated using data from
the fictitious farm for each stage. The CPS interface and equations are
not discussed here because it is beyond the scope of this paper. For
further information on interfaces and equations used in the CPS, the
reader can refer to Vall and Zoungrana (2023).

Stage 1: Initial situation

For the review, Sheets 4.2 and 4.3 allow the advisor to carry out:
crop inventories per plot and field; livestock inventories per livestock
batch, such as suckling cattle, dairy cows, draught cattle, feeder cattle,
sheep and goats; and available CCP/LCP inventories for each of these
categories. The advisor uses a cropping plan and a livestock batch
presence schedule, which are printed on paper (Figure 4). We illus-
trate how to use the CPS using a fictitious farm as an example. This
farm has 3 cultivated fields covering 12 ha, planted with cotton (4 ha),
maize (3.5 ha), red sorghum (0.5 ha), pearl millet (1 ha), rice (0.75 ha),
groundnuts (1 ha), cowpea (0.25 ha), and soya (1 ha). The farm live-
stock are equivalent to 14 TLU, with suckling cows (8 TLU), draught
cattle (4 TLU), sheep (1 TLU) and goats (1 TLU). All the livestock
batches remain in the village throughout the year, except the suckling
cattle, which are on the move for 3 months during the hot dry season.
This batch is also penned in the field at night for a month during the
hot dry season (Figure 4).

Stage 1 allows the agricultural advisor and the farmer to determine
the farm’s agro-pastoral orientation (crops, livestock or mixed farm-
ing), according to the typology proposed by Vall and al. (2017). Our
fictitious farm is mixed (12 ha and 14 TLU).

Stage 1 is also useful for assessing the farm’s potential capacity to pro-
vide fodder, manure and mulch requirements. Thus, it is possible to
identify the farm’s strengths and weaknesses. In the case of the ficti-
tious farm, 100% of fodder requirements, 72% of manure requirements
and 84% of mulch requirements are met. As it only produces 72% of its
manure requirements, lack of manure is considered its main weakness.
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(a) Cropping plan

NORTH HOT DRY SEASON RAINY SEASON COLD DRY S.
— JAN FEB MAR |APR |MAY [JUN [JUL AUG |SEPT [OCT |NOV |DEC.
Cotton (4.0 ha)
taize (3.5h4) SUCKLING ARK | IN VILLAGE MIOBILITY IN VILLAGE
Peal millet (1.0 ha) CATTLE «+ > |4 || ¢ >
Red Sarghum (0.5 ha)
DRAUGHT
CATTLE
road
Q7 A %ﬁ) AT ENING KRR IDOCK XXX KRR KKK RXKIOOKKIOKIK
\ O . CATTLE
WEST EAST )lx
Sunset Sunrise DAIRY COWS | XXXXXXRXOMKONOCOOIOOOCCOPOOOOOODOOOOKOOCOPOOXXICOOCOOCDOEIOOOOOPEXXXX
Field n°2
Groundnuts (1.0 h
53:?13‘1\:)[ 2 Field n°3 SHEEP o IN VILLAGE N
Cowpeas [0.25 ha) Rice (0.5 ha) <+ >
Rice (0.25 ha)
/\_/ . < i it >
river <+ >
OHH Keys: XXXXX: Livestock batch not relevant for the farm; PARK.: Night parking in the field

(b) Livestock batch presence schedule

Figure 4: Cropping plan and livestock batch presence schedule for the fictitious farm in year N (Review) /// Plan des champs cultivés et
calendrier de présence des lots d’animaux de I'exploitation fictive au cours de I'année N (Bilan)

Stage | of the advisory section simply recalls Year N’s review
(Table 1). It serves as a reminder to the farmer of the strengths and
weaknesses of his/her co-product management practices in Year N
before going on to co-design a co-product recovery strategy.

Stage 2: Cultivated area, livestock mobility and available CCP
and LCP

For the review, the agricultural advisor indicates the available crop

and livestock co-products to the farmer:

* Data on cultivated areas and available CCP comes from Sheet 4.2
and is automatically displayed, crop by crop. On the fictitious farm,
the available CCP include: 5.4 tDM of cotton stalks, 15.8 tDM of
coarse fodder (cereal straw) and 1.4 tDM of quality fodder (legume
tops) (Table 1).

* Livestock data is provided on Sheet 4.3. However, to determine the
volume of recoverable LCP and the amount of LCP lost through live-
stock mobility per season and per livestock batch, the advisor must
record: livestock arrivals and departures over the last 12 months; the
number of days of mobility per season and per livestock batch. On
the fictitious farm, recoverable LCP amounts to 7.9 tDM across all
batches and the LCP lost through mobility totals 1.3 tDM (Table 1).

For the advisory section, the farmer and agricultural advisor update
the data on crops (acreage and available CCP) and livestock (livestock
numbers, arrivals/departures, mobility schedule and available LCP)
for year N+1. For the fictitious farm, the CPS provides the following
estimates for available CCP and LCP: for CCP, 2.8 tDM of cotton
stalks, 18.9 tDM of coarse fodder and 4.1 tDM of quality fodder; and
for LCP, 7.3 tDM of recoverable LCP and no LCP losses as a result
of mobility (Table 1).

Stage 3: Storage and distribution of fodder CCP

For the review, the advisor asks the farmer for details about the quan-
tities of coarse and quality fodder stored, produced both on farm or
bought in. Quantities are expressed as the number of journeys and
the transport used. For the fictitious farm, the review shows stocks
of 340 kgDM of quality fodder and 4.4 tDM of coarse fodder, all
sourced from the farm.

For the advisory section, the advisor first reminds the farmer of the
farm’s fodder requirements for the hot dry season (9.0 tDM in the
case of the fictitious farm). Then they jointly calculate the quantities
of CCP (coarse and quality) to be stored (available stocks produced
on farm or bought in) to cover requirements, considering the farmer’s

means of transport. On the fictitious farm, the farmer plans to use a
small flatbed cart and the stock levels forecast are 4 tDM of coarse
fodder and 4 tDM of quality fodder, all produced on farm.

Lastly, for the review and advisory phases, the farmer specifies the fod-
der rations and the number of days of distribution for each livestock
batch and type of fodder (coarse/quality). However, as a number of stud-
ies have shown (Sib et al., 2017 and Sodré et al., 2022), farmers often
struggle to provide accurate estimates because they do not record the
quantities distributed. As a result, the diet data provided is indicative.

Stage 4: CCP field grazing

For the review, the advisor collects details from the farmer about the
number of CCP grazing days and the daily number of CCP grazing
hours for each livestock batch and for both coarse and quality fodder.
Adding up this data across all batches gives the quantity of grazed
CCP for both types of fodder. On the fictitious farm, the amounts of
quality and coarse fodder are 135 and 378 kgDM, respectively.

For the advisory section, the advisor reminds the farmer of any avail-
able CCP that remains in the cultivated area. They recommend using
them as quickly as possible during the cold dry season, before neigh-
bouring livestock and transhumant herders pass through. For each
type of CCP (coarse and quality fodder) and for each livestock batch,
the advisor and farmer agree on the number of grazing days and graz-
ing hours per day. For the fictitious farm and for all batches, the field
grazing forecast corresponds to grazing intakes of 5.0 tDM of coarse
fodder (since all the quality fodder was stored).

However, CPS tests have shown that farmers either forget or find it
difficult to quantify the future CCP intake in the field. Thus, the data
provided is indicative.

When considering CCP storage/distribution in a trough plus CCP
field grazing, the fictitious farm shows a theoretical improvement in
CCP fodder recovery between the review for year N and the advisory
in year N+1: from 4.8 to 9.1 tDM for coarse fodder; and from 0.5 to
4.0 tDM for quality fodder (Table 1).

Stage 5: Manure production and spreading

For the review and advisory steps, the agricultural advisor reminds the
farmer of the farm’s manure requirements. In the case of the fictitious
farm, the figures are: 30 tDM for year N and 32 tDM for year N+1. At
this stage, the quantities of residual CCP after storage and field graz-
ing are known, in addition to the amount of recoverable LCP.
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During the review and the advisory process, the advisor and farmer
discuss penning livestock at night in order to produce pen manure
to spread in the field. If the farmer has used this practice in year N
(Review) or wishes to do so in year N+1 (Advisory), then by indicat-
ing the duration of penning (number of nights), field by field (3 in
our fictitious example) and per livestock batch (suckling cattle in year
N, suckling and draught cattle in year N+1), the CPS can determine
how much pen manure deposited in each field. Thus, the pen manure
deposited on a single field amounted to 125 kgDM in year N (Review)
compared with a forecast of 621 kgDM in year N+1 (Advisory) due to
a longer penning period and the addition of draught cattle.

Then, the review and advisory phases focus on on-farm manure
production. If the farmer produced this type of manure in year N
(Review) or intends to do so in year N+l (Advisory), then the CPS
determines how much manure was produced per site (pens, barns/
sheds, pits, heaps). The type of manure is specified, for example,
manure or pen manure. ‘Manure’ is produced if CCP (litter) is added
to LCP, while ‘pen manure’ is mainly made up of LCP, with no added
CCP, except for left-over fodder. The CPS records any potential litter
input (cotton stalks, coarse fodder). On the fictitious farm, the amount
of home-produced manure was 3.6 tDM of pen manure in year N
(Review). It increased in the projections for year N+1 (Advisory) to
5.8 tDM of quality manure due to the addition of litter (cotton stalks
and cereal straw).

On the fictitious farm, the farmer did not use CCP as litter in year
N (Review). However, he intends to use 2.5 tDM of cotton stalks
and 1.7 tDM of coarse CCP (straw) as litter in year N+1 (Advisory).
This change has a significant impact on manure production, which
increases from 3.7 tDM of pen manure with low value as fertiliser
in year N (Review) to 9.7 tDM of high-quality manure forecast for
year N+1 (Advisory) (Table 1).

Then, total manure production is compared with the farm’s require-
ments. At this point, if there is a shortfall, off-farm manure is included.
When requirements are not met (which is the case for the fictitious
farm), the agricultural advisor asks the farmer at the review stage
whether manure has been acquired. At the advisory stage, the advisor
asks whether the farmer intends to obtain off-farm manure to make
up for the shortfall. The CPS records the amount of off-farm manure
obtained. On the fictitious farm, no off-farm manure was acquired in
year N (Review) despite a very low level of production: 13% of total
manure requirements. However, the farmer planned to acquire 3 tDM
in year N+l (Advisory), which improved the ratio to 31% (Table 1).

Lastly, for the review and advisory phases, the advisor and farmer
discuss how much manure will be spread per field. For the fictitious
farm, 2.7 tDM of manure was spread on a single field in year N
(Review), compared to a forecast of 6.9 and 2.3 tDM on two fields
in year N+1 (Advisory). This represents a clear improvement (+240%
compared to year N).

Stage 6: Residual CCP recovery as mulch

This stage considers the recovery of CCP that is not stored, grazed or
burnt, but left in the fields as mulch.

For the review and advisory phases, the agricultural advisor and
farmer proceed on a field-by-field basis (3 fields in the case of the fic-
titious farm). For legume plots, the CPS considers that all CCP have
been collected at the end of the dry season and, therefore, that the soil
is bare. In other words, on the fictitious farm, 0 kgDM/ha of mulch
is applied to field 3, which is used for legume crops. For a given field
under cotton and/or cereals, the advisor gives the farmer an assess-
ment of soil cover density using a grid of mulch density. It includes
all four crops (cotton, maize, sorghum/millet and rice). The farmer is
then asked to indicate which figure matches the soil cover condition
rating (on a scale of 1 to 6) at the end of the dry season, for each crop

grown in the field. The CPS converts the ratings into mulch densities
(kgDM/ha) and determines the average mulch density per field. On
the fictitious farm, a rating was applied to fields 1 and 2. For year N
(Review), the CPS calculated mulch densities of 0.9 and 0.7 tDM/ha
for both fields. The densities were increased to 1.8 and 1.3 kgDM/ha
for year N+1 because the farmer planned protective and monitoring
measures. Although this is an improvement, ground cover remains
poor; a mulch density of <2 tDM/ha is considered to be low.

Using a visual assessment grid for soil cover density works well.
However, the current CPS grid is rudimentary and needs improving.

Stage 7: Surplus CCP and LCP management

Stage 7 concerns the sale to third parties of CCP and LCP residues,
which are not recovered by the farm. It constitutes the last form of
co-product recovery provided for in the CPS.

For the review and advisory phases, the agricultural advisor asks the
farmer what proportion of CCP (cotton stalks, coarse and quality fod-
der) and manure was disposed of to third parties in year N (Review)
and is expected to be disposed of in year N+1 (Advisory). For the
advisory phase, when disposals are expected, the CPS determines the
quantity in terms of number of journeys for a given mode of transport.
This provides practical information, which is useful to the farmer.

Stage 8: Summary

Stage 8 provides summaries of the review and advisory phases using
the same format. The first section gives an overview of the activity
linked to CCP and LCP recovery. The second section provides a gen-
eral assessment of farm requirements for fodder, manure and mulch.
Figures for the fictitious farm are shown in Table 1.

Between year N (Review) and year N+1 (Advisory), the following can

be observed for the fictitious farm:

* Available CCP and LCP numbers may increase (coarse and quality
fodder) or decrease (cotton stalks, LCP), depending on changes in
cultivated areas and livestock numbers, as well as crop yields and
livestock mobility;

* Recovery rates have improved for: i) CCP (coarse and quality),
which is recovered as fodder (stored or grazed in the field); ii) CCP
recovered as litter (cotton stalks and coarse fodder); coarse fodder
recovered as mulch; LCP recovered as pit manure (good quality
manure with added litter);

* An overall decline in LCP recovered as pen manure (low quality
manure with no added litter),

* Less CCP and LCP were unrecovered or lost as a result of herd
mobility.

Therefore, for the fictitious farm, there is a clear improvement in the
recovery of CCP and LCP between year N (Review) and year N+1
(Advisory). As a result, the farm is closer to meeting its needs for
fodder (the percentage rose from 35% to 83%), manure (from 13% to
31%) and mulch (from 0% to 7%).

The review and advisory conclusions are summarised on an A4 sheet,
which means the farmer has a record of the findings from the review
and advisory phases.

B DISCUSSION

A tool adapted to the needs of farmers and
agricultural advisors

The CPS incorporates key farming practices to manage co-products
at farm level. Thus, it meets the genuine needs of farmers, in line with
the recommendations of Abdulai (2022) and Abdulai et al. (2023),

who have studied the factors that determine the success of digital
advisory tools for African agriculture.



Table 1: Overview of CCP and LCP recovery and coverage of requi-
rements for fodder, manure and mulch for year N (Review) and
year N+1 (Advisory) on the fictitious farm /// Vue d’ensemble de
la récupération des CCP et LCP et de la couverture des besoins de
I"exploitation fictive en fourrage, fumier et paillis pour I'année N
(Bilan) et I’année N+1 (Conseil).

Variables Review  Advisory
Year N Year N+1

1. CCP and LCP recovery

cce

Cotton stalks

Available (kgDM) 5,445 2,856

Recovered as fodder (kgDM) 0 0

Recovered as manure (kgDM) 0 2,550

Recovered as mulch (kgDM) 0 61

Recovered (%) 0 91

Unrecovered or disposed of to third parties 5,445 245

(kgDM)

Coarse fodder

Available (kgDM) 15,840 18,907

Recovered as fodder (kgDM) 4,798 9,129

Recovered as manure (kgDM) 0 1,700

Recovered as mulch (kgDM) 0 1,616

Recovered (%) 30 66

Unrecovered or disposed of to third parties 11,042 6,462

(kgDM)

Quality fodder

Available (kgDM) 1,462 4,140

Recovered as fodder (kgDM) 475 4,080

Recovered as manure (kgDM) 0 0

Recovered as mulch (kgDM) 0 0

Recovered (%) 32 99

Unrecovered or disposed of to third parties 987 60

(kgDM)

LCP

Available (kgDM) 7,929 7,363

Recovered as manure (kgDM) 0 5,804

Recovered as dry manure from field (kgDM) 312 1,553

Recovered as dry manure from pen (kgDM) 6,210 0

Recovered (%) 83 100

Lost through mobility (kgDM) 1,407 6

2. Coverage of farm needs

Fodder

Fodder needs for the dry season (kgDM) 15,264 15,858

CCP grazed and stored for the dry season 5,273 13,209

(kgDM)

Fodder needs covered by CCP (%) 35 83

Manure

Manure needs (kgDM) 30,000 31,875

Produced and acquired manure (kgDM) 3,756 9,788

Manure needs covered by CCP and LCP (%) 13 31

Mulch

Light mulch requirements 2 tDM/ha (kgDM) 24,000 25,500

CCP recovered as mulch (kgDM) 0 1,677

Mulch needs covered by CCP (%) 0 7

Un outil d’aide a la gestion des co-produits en agriculture et élevage

The CPS is user-friendly. It simplifies the representation of co-
product management at farm level and encourages dialogue between
the farmer and the advisor for the purposes of drafting a review and
an advisory. It generates valuable outputs in a short space of time, as
recommended in the study by Oyinbo et al. (2020).

The CPS has no competitor tools to date. The closest known advi-
sory tools are designed for the management of nutrients in Nigeria
(Oyinbo et al., 2020), and for fuels produced from crop and industrial
residues in Togo (Beguedou et al., 2023).

The CPS makes it possible to tailor advice to the farmer’s situation.
This gives it an advantage over impersonal advisory services based
on technical data sheets (Blanchard et al., 2011).

A participative tool

By including a review stage and an advisory stage, the CPS genuinely
encourages a joint approach, whereby a forecast (the advisory) can be
drawn up with the farmer, based on the actual situation (the review).
The modelling tools used in farm advisory services, which allow for
farmer involvement, do not usually include both these stages. As a
result, the modelling process must be repeated to produce a snap-
shot of the situation at different points in time (Semporé et al., 2016;
Sib et al., 2018; Le Gal et al., 2022). The CPS has a chronological
structure and uses an interactive approach, including: a survey of the
actual situation, as part of the review; and discussions that lead to a
jointly drafted forecast at the advisory stage. The CPS gives farmers
real support by taking into account their practices, views, needs and
expectations. Each stage involves discussions, which generate con-
crete recommendations. Therefore, in theory, the targets set with the
farmer are realistic, consistent with the farmer’s resources (labour,
equipment) and correspond to his/her needs.

However, there is room for improvement. For example, it would be
interesting if an improved version of the tool let the farmer prioritise
how they use co-products (for fodder, manure or mulch) in the advi-
sory section. In a situation where the quantities of co-products are
often limited, the advisory may vary, depending on the priorities for
the use of co-products.

More precise and adaptable parameters to improve
CPS simulations

Given the lack of documentation in the scientific literature on most
parameters relating to co-products, we have established a number of
benchmark references. These are based on field measurements, farmer
surveys, data from unpublished reports and on our own agricultural
knowledge. At the moment, we clearly do not have enough academic
or empirical data on co-product references. Indeed, the methodical
development of co-product references is a research priority that could
make a valuable contribution to agroecology, an approach based on
farming interaction, and recycling practices (Debray et al., 2019;
Wezel et al., 2020; Vall et al., 2023). Thus, agroecology places more
emphasis on co-products than is the case in conventional farming
systems.

In future improved versions of the CPS, the user (farmer) should
be able to choose the parameter values that are best suited to their
local situation. We are currently working on an improved version that
includes this option.

CPS development prospects

Today, digital tools are increasingly used in agriculture to provide
information, benchmarks and answers to farmers’ concerns. Several
studies show that digital tools have the capacity to: improve access
to information (Fabregas et al., 2019; Ortiz-Crespo et al., 2020;
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Witteveen et al., 2017); help advisor/farmer interactions (Baumiiller,
2018; Munthali et al., 2018; Omulo and Kumeh, 2020); allow farmers
to provide feedback on recommendations (Lacoste et al., 2022; van
Etten, 2011). According to Alexandre (2023), who studied the poten-
tial of 11 digital agricultural services that were tested in Burkina
Faso, the legitimacy, success and sustainability of digital tools depend
on three factors: i) provision of personalised information,; ii) interac-
tion between agricultural advisor and farmer; and iii) feedback from
farmers on the advice provided.

To make the CPS more user-friendly in rural areas, we plan to incor-
porate these factors into our IT development project. The current CPS
prototype runs on a computer-based Microsoft® Excel® spreadsheet,
which makes it difficult for an advisor to use in the field. Our aim is
to develop two interlinked versions of the CPS: 1) a ‘desktop’ Inter-
net version connected to a data storage server; 2) an Android-based
mobile version that can run on a mobile phone or tablet and be linked
to the Internet version. Agricultural advisors will use the mobile ver-
sion to collect data in the field. The desktop version will be used pri-
marily to manage the data collected (archiving, storage and retrieval
for further analysis). This will allow agricultural advisors to work
without the need for an Internet connection, a real advantage given
the poor Internet connections in rural areas in many Sub-Saharan
African countries (for example, Burkina Faso, Alexandre, 2023).

B CONCLUSION

The CPS tool is designed to help individual farmers improve CCP
and LCP recovery at farm level. It provides the farmer with a review
of the overall management of CCP and LCP on their farm for the past
year. In addition, it helps the agricultural advisor draft a strategy with
the farmer (Advisory) to recover CCP and LCP as fodder, manure and
mulch for the coming year. The farm’s requirements and capacities
(labour and equipment) are also taken into account.

At present, the CPS provides a quantitative assessment of CCP and
LCP recovery. In addition, it calculates the farm’s capacity to provide
fodder, manure and mulch to meet its needs. The tool uses a large
number of parameters. The accuracy of the CPS calculations could be
improved if the parameters were better referenced. The current CPS
does not assess the impacts that improved co-product management
has on crop and livestock performance or on the farm’s economic
performance. These elements provide interesting avenues for further
research.

While the current CPS operates at farm level, co-product users are
often external to the farm. In future, a tool for co-product manage-
ment could be developed with a broader scope to include data on the
main stakeholders that use co-products and on the rules for shar-
ing access, as well as space. A sophisticated tool of this kind would
not only help farmers, it would also reflect the territorial nature of
co-product management and make an important contribution to agro-
ecological transition.
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Résumé

Resumen

Zoungrana S.R., Saadatou D., Sib O., Loabé Pahimi A.,
Ouédraogo S., Bougouma-Yaméogo V.M.C., Vall E.
Le CoProdScope : un outil de bilan et de conseil pour la gestion
des co-produits de culture et d’élevage pour une intensification
agroécologique des exploitations agropastorales

Les exploitations agricoles des zones de savane de |’Afrique sub-
saharienne sont principalement agro-pastorales. Elles produisent
de grandes quantités de co-produits de culture (CCP, c’est-a-dire
paille, fanes, tiges) et de co-produits d’élevage (LCP, c’est-a-dire
feces). Toutefois, seule une petite partie des co-produits est récu-
pérée pour répondre aux besoins en fourrage, en fumier et en
paillis. L'amélioration de la valorisation des co-produits est un
moyen efficace de renforcer I’autonomie, la productivité et la
résilience des exploitations sur le long terme. Elle permet égale-
ment aux agriculteurs d’adapter leurs pratiques dans le cadre de
leur transition agroécologique. L'outil CoProdScope (CPS) a été
congu dans le but de : 1) réaliser un bilan annuel de la gestion
des CCP et LCP au niveau de I’exploitation afin d’évaluer la
part de co-produits non valorisés, et d’identifier le potentiel de
valorisation (étape Bilan) ; 2) co-concevoir une stratégie avec
I’agriculteur (étape Conseil en gestion), dans le but de valoriser
les CCP et LCP sous forme de fourrage (stockage et paturage au
champ), de matiere organique (fumier en fosse et en enclos),
de paillis (couverture des résidus de culture) et de cession de
surplus a des animaux tiers. Ce document décrit les principes de
fonctionnement de I'outil CPS, présente les étapes de bilan et de
conseil de gestion, et trace les perspectives de développement
numérique qui permettront au CPS d’étre utilisé sur le terrain
par les conseillers agricoles.

Mots-clés : Fourrage, gestion du fumier, systeme d’aide a la
décision, recyclage des matieres organiques, fumier organique,
Afrique subsaharienne

Zoungrana S.R., Saadatou D., Sib O., Loabé Pahimi A.,
Ouédraogo S., Bougouma-Yaméogo V.M.C., Vall E.
CoProdScope: una herramienta de evaluacién y asesoramiento
en la gestion de los co-productos agricolas y ganaderos para la
mejora agroecoldgica de las explotaciones agropecuarias

Las explotaciones agricolas de las zonas de sabana del Africa
subsahariana son principalmente agropecuarias. Producen gran-
des cantidades de co-productos agricolas (CCP, es decir, paja,
brozas, tallos...) y co-productos de ganaderia (LCP, es decir,
heces). Sin embargo, solo una pequefia parte de los co-productos
se recupera para responder a las necesidades de forraje, estiércol
y pajote. La mejora de la valorizacién de los co-productos es un
medio eficaz para reforzar la autonomia, la productividad y la
resiliencia de las explotaciones a largo plazo. También permite
que los agricultores adapten las practicas en el marco de su
transicién agroecologica. La herramienta CoProdScope (CPS)
ha sido concebida con el objetivo de: 1) realizar un balance
anual de la gestién de los CCP y LCP de la explotacién para
evaluar la parte de co-productos no valorizados e identificar el
potencial de valorizacion (etapa de evaluacién); 2) codisenar
una estrategia con el agricultor (etapa de asesoramiento en la
gestion), con el objetivo de valorizar las CCP y LCP en forma de
forraje (almacenaje y pasto en el campo), de materia organica
(estiércol en fosa y en corral), de pajote (cobertura de residuos
de cultivo) y de cesién de excedente a animales de terceros.
Este documento describe los principios de funcionamiento de
la herramienta CPS; presenta las etapas de evaluacion y de ase-
soramiento en la gestion, y dibuja las perspectivas de desarrollo
digital que permitiran que los consejeros agricolas utilicen el
CPS sobre el terreno.

Palabras clave: Forrajes, gestion del estiércol, sistemas de apoyo
a las decisions, reciclaje organico, mantillos organicos, Africa
subsahariana
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