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Soil Nutrients and Fertilization in
Irrigated Rice in the Sahel

| CEStheonly cropthat can begrownunder irrigation onthesalinesoilsof the Senegal River delta. The
parched soilswill allow nocropstogrowwithoutirrigation. I rrigatedriceinthe Sahel hasgreat potential: with
theabundant sunshineyieldscanbevery high, andthereisal sothepossibility togrow twocropsper year. Riceis
alsothefarmers' crop of choiceintheother irrigated partsof theregion. National governmentshaveinvested
vast sumsof money inirrigationinfrastructure, andinthepast evenrel ocated popul ationstotheregionwiththe
sole purpose of having them grow rice. Riceisessential both for the national economy and for the families

themsdlves.

Despitethehighexpectationsthat promptedinvestmentin
irrigation, farmers' yieldsfromirrigated ricein the Sene-
ga River delta are generally low (3-5 tonnes per hect-
are—compared with a potential of 9-10 t/ha) and only
10% of thelandisdouble-cropped. Thereisgreat diversity
amongthefarmersof theregion—fromlargecommercial
organizations aiming to make a serious profit from their
fields, right down to subsistence farmerswho must raise
their families on the output of their rice farming—but
many of the difficulties that they face in trying to make
their production more profitable and sustainable are the
same. One of the basic problemsis managing soil fertil-
ity—doesthe soil contain enough nutrientsto support the
growing crop? If not, what isthe best strategy to get the
most out of thesoil and thecrop, without depleting the soil
to the extent that the next rice crop suffers?

WARDA Irrigated Rice Program Leader Kouamé
Miézan explains: “At WARDA, we recognize that there
isnosinglesol utiontotheproblemsfacingriceproduction
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that is applicableto all farmers whatever their economic
status, but we do recognizethe need to help all farmersto
make the most of their land. Soil fertility and fertilizer
management in irrigated rice have been amajor concern
of theresearch effortsat our Sahel Stationin Saint Louis,
Senegal since 1995. Our efforts currently focus on four
Sahelian countries, namely, BurkinaFaso, Mali, Maurita-
nia and Senegal. The starting signal for this particular
collaborationwasgivenduringaworkshopinJune1995at
the Sahel Station, where nationa rice scientists from
Burkina Faso, Mali and Senegal identified soil fertility
management asamajor probleminirrigated rice produc-
tion.”

There are existing recommendationsfor fertilizer use
inirrigatedrice, but thesearegeneral, and takeno account
of soil type, ricevariety or season. “ Our premiseinstarting
thiswork,” WARDA agronomist Marco Wopereiselabo-
rates, “ wasthat ablanket recommendationisunlikely tobe
best suited to all situations and that fine-tuning of the



recommendationsto specific soil typesand farming con-
ditionsshouldimprovebothproductivity and profitability.”
Compare this with the current trend in farming in a
country like the United States. There farming has
become a precise science—fertilizer requirements are
determined on asquare-meter basis! West Africamay be
alongway fromthiskind of detailed analysis, but we can
at least improve our recommendations to farmers on the
basis of wherethey are and what kind of soil they haveto
work with. Stephan Héfele, a PhD student from the
University of Hamburg working on soil fertility at the
WARDA Sahel Station, adds“ Asafurther incentive for
ustolook at soil fertility, wehad also noted atrend toward
decreasedyieldovertimeinlong-termtrialsestablishedon
the WARDA research station, despite these trialshaving
received the standard recommended levels of fertilizer
each year.”

WARDA cannot possibly hope to reach, let aone
work with, all thefarmersintheregiononitsown—in 1998
there were 30,000 ha of irrigated rice in Senegal aone!
“The method we have adopted,” explains Marco, “is to
team up with a broad range of partners. Each partner
contributes to the overall goal, and benefits from the
presence of the other partners—theimpact of the partner-
shipisgreater thanthesum of theimpactsof theindividual
parts. We want the research to gain momentum so that its
results spread to as many farmers in the region as
possible.”

So, who are these partners? First, as a regional re-
search and devel opment institution WARDA cannot, and
will not, conduct research in isolation from the national
agricultural research institutions, whose partnership—
that is, membership—is central to the Association. Sec-
ond, we need access to a delivery system and to the
farmers themselves; this is the role of the extension
services, so their partnership is essential. The farmers of
theregionaremostly organizedinto‘ unions,” cooperatives
and other groups, which are fora for farmers to learn,
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Partnership with extension (here AGETA in Mauritania) is essential in
working with farmers in the Senegal River Valley

discuss and generally cooperate to improve their collec-
tive skill, efficiency and profit. These groups are ideal
contact points for disseminating research results and
identifying progressive farmers to be involved in the
research process itself. Finaly, WARDA collaborates
withanumber of devel opment-oriented projectsand non-
governmental organizations.

This is what we do...

Surveys and socioeconomic studies are conducted to test
the farmers' knowledge of rice cropping in general, and
their ability to plan and carry out the activities required.
First, they are asked to develop a calendar of events—
when will they sow; when will they transplant the rice
seedlings; what fertilizer will they apply, when and how;
and so on. Next, we maintain close contact and monitor
farmers’ progress throughout the season—what they
actually do—through numerous discussionsin the field
with thefarmer and the extension agents. These meetings
givethefarmer the opportunity to discussthecrop perfor-
mance with the extension agentsand researchers, and the
researchersand extension agentsthepossibility todiscuss



WARDA Annual Report 1998
Features

Women Farmers’ Cooperative

Zairabul Mint Ahmediis President of the Women'’s Cooperative
Mushra Cidi farm. She and her colleagues are subsistence
farmers—theirentireincome comes fromtherice crop. “The
Cooperative was formed in 1988,” she explains. “The first
phase was good: the government agencies gave us credit
and we subsisted OK. Later a disease wiped out one year’s
crop; soon after that, the credit was withdrawn”—two
catastrophic eventsin short succession! “*Without credit, we
stoppedusing machinery, we did everything by hand, andwe
got good results!” The rice crop became the source of
everything for these women—everyone wasinvolvedin the
farming, so there was no-one available to work in the towns
toearnextramoney.In 1998, WARDA and AGETA cametothe
Cooperative with aproposalto establish theirdemonstration
plots. Four volunteers planted a single plot each for the
demonstration—no-one had enough land to grow the full
four-plottriall “The fullfreatment plot was the best, “ explains
Zairabul, “both in terms of yield and grain quality.” This
freatment—application of fertilizersand weed control—gave
5.7tonnesof grainperhectare. The farmers’ normal practice—
whichinvolved no phosphate application—wasthe poorest
(3.9 t/ha). while the fertilizer alone and weed control alone
plots gave infermediate yields (both 4.8 t/ha). The women
were so impressed with the effect of adding phosphate
fertilizerthat they have clubbed togetherhalf of the cost for
next season’s fertilizer requirements. They are now seeking
AGETA's help to find either a creditor or a donor to buy the
remaining fertilizer. And all this affer only one season of
demonstration! The increase in production that the fertilizer
should bring willenable the women to improve their families’
lotinlife. Once they make a profit, they want to diversify their
agriculture info more valuable crops, such asbanana, onion
and lettuce. They also have along-term vision of building a
school for their children.

ZairabulMint Ahmed, President of the Women'’s Cooperative
Mushra Cidi, was very impressed withthe WARDA/AGETA
demonstrations
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potential problems with the farmer, such as excessive
weed growth in the field. Marco found some interesting
results: “ By comparing planned and actual activities, we
learned that the farmers do not always know the best
timesfor conducting the various farm activities (sowing,
transplanting, applying herbicideandfertilizer, drainage,
harvesting). Many also do not appreciate the relative
importance of the major nutrients (nitrogen, phosphate
and potassium) for crop growth.”

Toinvestigatethefertilizer problemmoreclosdly, trias
are established simultaneously with farmers and on the
research station. The aim of this participatory researchis
to determinewhat fertilizer to apply to the soil, and when
it should be applied, for maximum benefit to therice and
to the farmer.

Marco elaboratesfurther, “In thefarmer participatory
work, our first goal is to determine the benefits that they
gainfromtheir current fertilizer practices. To do this, we
establishasmall plot (10 x 10 m) within their field which
is not given any fertilizer at all during the growing sea-
son—we call thisthe TO plot. A major output from such
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The unfertilized (TO) plot in a farmers’ field



trialsistheability to determinehow much of thefertilizer
appliedinthemainfieldisactually recovered by theplants.
For example, for nitrogen (N) fertilizer, therecovery rate
isgiven by thefollowing equation:

(N uptakein main field) — (N uptake in TO)
(N applied)

N recovery =

Inaddition, theunfertilized plotsgiveaclear indication of
how much nutrient the plantscan obtain directly fromthe
soil.”

At the sametime, trials are conducted both on station
and with farmersin their fields on the effects of applying
the different fertilizers. These are known as *nutrient-
omissiontrials' and constitute plotswith no fertilization,
plotswith full fertilization, and otherswith onefertilizer
component missing from each—for example, aplot fertil-
ized with the full recommended doses of nitrogen and
potassium, but with no phosphate. Thesetrialsarecrucial
as they show the importance of the different nutrients

Laboratory analysis is an
important complement to
field work
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(nitrogen, phosphate, potassium) to crop growth in the
farmers’ fields.

“In order to put values to what we are seeing in the
field, samplesof sail, plantsandirrigation water aretaken
to the laboratory for analysis. It is these lab analyses,”
says Marco, “that enable us to determine the recovery
rate of nitrogen fertilizer. They also enable us to detect
other problems, such assalinity (salty soil or water), which
may independently reduce yield however much the crop
isfertilized. Theseanalysesfeedinformation into our on-
station fertilizer trials in which we fine-tune the recom-
mendations devel oped from the on-farm work.”

Giving back the results

Ourwork isconductedinapartnership mode, andfarmers
and extension agencies require feedback. What is more,
by sharing our results with those who effectively gener-
ated them, we get feedback to help improve our research
methods in the future. To this end, an end-of-season
meeting is held in which the farmers from a particular
irrigation scheme which has been monitored throughout
theseasonarebrought together with national and WARDA
scientistsand extension agencies. Thisconstitutesafarm-

A group of farmers proudly pose before one of the posters from
the end-of-season meeting
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ers field school, where the results are presented by
means of posters. WARDA research assistant Baye Salif
Diack, who acts as liaison with the various national
partners, explains: “Most of these farmerswereilliterate
before they started to work with the extension agencies,
but the extension agencieshaverunliteracy classesinthe
local languages.” The first poster always shows the
variability among the farmersin the single schemein the
useof fertilizers, includingamountsapplied, timing, result-
ingyield and economic returnsto applied fertilizer. “ One
clear result from the surveys was that farmers were not
using the old fertilizer recommendations, and that rice
yields were not related to the amount of fertilizer ap-
plied,” comments Marco. A second poster often shows
theeffect of sowing date—again, thisisreal datacollected
from this group of farmers during this season: how does
thechoiceof sowingdateaffectfinal yield, grainfillingand
timingof fertilization?

Another poster depictsfertilizationintermsof sacksof
fertilizer per hectare. It shows the farmers how much
nutrient issupplied from the soil and how much they need
torecover fromappliedfertilizer toreachacertainnumber
of bags of paddy (per hectare). From the cost of the

Poster at a farmers’ end-of-season meeting showing the effect of
sowing date on fertilizer and harvest timing

fertilizer and the market price of the grain, we can then
give the farmers a clear indication of their returns to
fertilizer use.

The fina poster is an overview of the whole season
across the irrigation scheme. Here we can point out
successes and failures, not in terms of ‘good’ and ‘ bad’
farming, but in terms of farmers facing few or many
constraints (problems) to successful production. This
usually opens up into a genera discussion on finding
solutionsto the constraints and improving thefarming in
general. At theend of the meeting, therecom-mendations
forfertilizing next season’ scrop arepresented, andwill be
presented again by the extension agents before the next
crop isgrown.

Where are we now?

One over-riding result of this research has been that, in
general, applying fertilizer to irrigated rice is a good
investment—fertilizer applicationat anappropriatetimeis
beneficia for the crop, and therefore for the farmer. The
three graphs (Figure 2) illustrate the case of Guédé in
Senegal. We can seethat the variability (among farmers)
is large, so there is substantial scope for improvement.
Improving nitrogen recovery will increase the benefits
(that is, economic returns) from fertilizer use. Further-
more, therisksinvolved with using nitrogen fertilizer are
very low—only about 10% of the farmers surveyed lost
money through applyingthefertilizer.

Our work inthefour countriesisat various stages, the
work in Burkina Faso being the most advanced. Herewe
have shown that the current practice of applying a com-
pound fertilizer designed for cotton isinappropriate, and
have established new recommend-ations for urea and
phosphate (in the form of rock phosphate) in the wet
season. The use of compost from rice straw is also
recommended. For the dry season, we are advising
farmersto apply only areduced dose of urea, sincethisis
the season most proneto crop failure (due to the scarcity
of water and temperature extremes) and therefore the
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Figure 2. Apparent recovery of fertilizer nitrogen (a), net returns to fertilizer application related to nitrogen recovery rate (o),
and probability of benefit to fertilizer application (c) at Guédé, Senegal

AGETA

Sidy Mohamed Ameida, Agricultural Adviserto AGETA, isso happy
with the work that WARDA has done with AGETA, that he wantsto
extend the collaboration. “*The farmers we work with fallinto three
categoriesbased onthesize of theirrigationscheme. Each category
has different abilities and different expectations. | want us o
collaborate with WARDA on evaluating the constraintsfacingeach
group, and adapting the latest appropriate technology to these
groups. We alsoneed WARDA'sinputontraining.” WARDA conducted
ageneral course onrice production for AGETA agentsin 1997. *To
buildonthe earliercourse,” continuesSidy, “we needspecific training
infertilizermanagement, weed contfrolandplant physiology.” We see
thisrequest as positive feedlback on our collaborationto date.

investment may beconsidered arisk. Thefertilizer recom-
mendations are combined with others for sowing dates,
ageof seedlingsfor transplanting, and water management
in the dry season.

In Mauritania, we have been working with the exten-
sionservicefor ‘large’ farmers, Association généraledes
groupements d’ exploitants et éleveurs pour |’ étude et
I’emploi de techniques améliorées agricoles et animales
(AGETA) for two seasons. Here, fertilizer recommenda-
tions have been combined with weed control recommen-
dations into a package. These combined recommenda-
tionsincreased yieldsby amost 2 tonnes per hectare over
previous cropping practices (see Figure 3). Theseresults
are currently being verified in another season of trials.
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WARDA started working with the Senegal ese exten-
sionservice, Sociétéd aménagement et d’ expl oitationdes
terresdu Deltadu Fleuve Sénégal et desvalléesdu Fleuve
Sénégal et delaFalémé (SAED) and farmersin Guédéin
1996. Soil fertility hasbeenmonitored ever since. In1997,
WARDA/SAED startedtrialsontheapplication (rateand
timing) of urea and diammonium phosphate. The whole
scheme of Guédé becameinvolved in the socioeconomic
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Figure 3. Application of recommended fertilizer and weed-
control (T3) gives an average of almost 2 t/ha more grain
thanthe farmers’ practice (TP); recommended fertilizer
application (T1) and recommended weed control (T2) give
intermediate values
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and fertility field trials, and the findings were presented
each year in July, just before the wet season—so that the
recommendations would be fresh in the farmers’ minds
when they sowed their rice afew weeks later. According
to Ibrahim Hann, SAED extension agent for Guéde and
neighboringvillages, “ All of thefarmershavenow adopted
the WARDA/SAED recommendations, and yields are at
|east onetonne per hectare higher than they were before.”

Inthe Office du Niger on the Niger River inland delta
in Mali, the work is at a much earlier stage. However,
early results show that there is a deficiency of potassium
at this site, so any future recommendation will include
potassiumfertilizer.

SAED

MalickSarr, Head of the Planning and Rural Development Department
(DPDR) of SAED, isastrong supporter of research and development
partnerships. “The work done togetherby WARDA andSAEDisagood
example of collaboration betweenresearch anddevelopment,” he
explains. “Each year we hold a meeting to discuss our program of
activitiesforthe year, how we willwork togetherto complete these
tasks, and to evaluate the previous year’s results.” In March 1999,
WARDA and SAED are tohold ameeting with the Institutsénégalaisde
recherchesagricoles (ISRA)—the Senegalese nationalresearchinsti-
tution. Malick Sarris very positive about thismove, "We wantto extend
the partnership toinclude ISRAin all ourjoint activities—research and
development mustgotogether!”
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