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Foreword

This workshop is a redization of a long term effort supported by the USAID African
Bureau, The many Collaborative Research Support Programs (CRSPs), The Institute du
Sahd (INSAH), and more importantly the individud reseerch organizetions of each of
the member countries in the InterCRSP project. As such each of these organizations and
their directors and scientists should be proud of bringing together and sharing of ther
best thoughts and suggestions to address the severe food security, low income, and
sustainability chalenges far~4 by sub-Saharan agriculture today.

The InterCRSP efforts represent an attempt to take the best technologies of the
CRSPs and, in fact, from anywhere in the world to address these chdlenges.

As will be gpparent in the papers, there is some cause for optimism, athough fa-mers
are using extremdy low levels of nutrient fertilizers, they seem well aware of the vaue of
fertilizer and the need for it. They jus seem unable to purchase it at least for the
subsistence crops of sorghum and millet. Fertilizer use on irrigated rice, cotton, and
maize is profitable and use on these crops is growing. Experience in The Gambia shows
that even the subsistence fat-mers respond quickly to changes in fertilizer prices,
unfortunately, dramdticaly higher costs due to recemt dSructurd adjusments have
resulted in drastic reductions in fertilizers use. While fertilizer use is extremey low in
Mali, it is apparent that |IER scientists are aware of the issues and are pursuing a number
of inititives to improve the pelicy environment. While there are some technicd
adjugments to increase yidd and efficiency of fertihzer use under study by the
InterCRSP project, it is apparent that much of the deficit in fertilizer use relates to policy
and economic issues. One Of the interesting initigtives underway in Senegd is the
government subsidized application of rock phosphate and probably more importantly of
phosphogypsum, a heretofore unwanted waste product that has great vaue in restoring
nutrients and reversing a portion of the widdly recognized nutrient mining teking place in
sub-Saharan Afiica Other countries in the tropics have recently noted the vaue of this
resource and it has become a standard commercial practice in the acid, low fertility soils
of Brazil.

As will become gpparent in the scope of presented papers, studies on nutrient
management predominate at this stage of the project. This represents a strong underlying
concern throughout the project for the severe nutrient mining thet is gradudly reducing
both crop yields but also production potential. We expect this theme to be joined with
new studies on water and soil conservation and more economic evauation and anadyses
as their role becomes more apparent and the proper studies and personnd are identified.

We note that among the papers presented some of the first studies of’ impact of
nutrient management on village water supplies have been conducted. Based on the
initid results, it seems that fertilizer goplication rates are so low that there was little
increase in nitrate concentrations of village drinking water wells. We caution that the
results are preiminary, however, and the Stuation may be completdy different in urban
margins where prices of vegetables are so high that exorbitant amounts of physica
labor and fertihzer are applied t0 meet the demand. With the extremely sandy soils,
highly intengve agriculture, and shalow water tables nitrate contamination of
groundvmm rwaains @ concern and uucds further study.

Lastly, we must thank the Inditut Senegdas de Recherches Agricoles, and the
personne of the Kaolack Experiment Station for both organizing and hosting this first
worksbop, snd also for assembling these proceedings into such a useful document.




This has, indeed, been an exemplary workshop and we would like to thank the
Coordinator Dr. Aminata Badiane and her staff and colleagues for providing such a
high standard for subsequent workshops.

RusHl Yos
Feb. 28, 1999




Opening Speech by the Director General of ISRA

Dear Representative of INSAH,

Dear Director Generd of NARI,

Dear Coordinator of the West InterCRSP Group,
Dear Participants,

It is a pieasure for me to be here with you for the fh-st workshop of the Western
group of InterCRSP which inciude Cape Verde, the Gambia, Mai and Senegal.

I need to welcome you first in Senegd, particularly in Kaolack, the capitd city of
the Peanut Basin.

I would take this opportunity to extend to you my greetings for the New Year.
The collaborative research project, whose data will be reviewed during this workshop, is
very important to us. In fact, restoring and increasing the productive capacity of soils in
Sub-Saharan  Afiica, especidly in West Afiica, are key components to promoting a
sudanabie agriculture in this region.

The objectives sought by this coliaborative research project, combating soil
acidiflcatioa, ioss of organic matter, i10SeS due to soil eroson, and their impact on
production systems, should bring a significant contribution to increasing food production
in West Africa.

It is very comforting to notice that these objectives are mgjor components clearly
defined in the Srategic workplan of’ ISRA. The implementation of this workplan starts
this year.

The strategic workpian of ISRA (1999-2003) is the first phase of the
impiementation ofthe enterprise project of TSRA. This project defines the mgor drategic
orientations and options of ISRA for year 2015.

Dear participants,

ISBA, which is proud to host this workshop, is going through deep changes. In
fact, the inditute is now, by the vote of the Parliament, registered by the lav on
Scientific and Technologic Public Services, (‘EPST).

In addition, the presidentia act approving the organization and functioning of
ISRA has been Sgned recentiy. Another presdentid act on the estabiishing rules of
ISRA will be signed very soon. In 1998, several procedures were adopted to ailow an
optimai functioning of the inditute. There were procedures for scentific management
managing research dations, accounting systems, etc. These changes should allow better
management of new or ongoing projects such as this invoiving Cape Verde. the Gambia
Madli. Senegd, INSAH, Virginia Tech. and the Umiversty of Hawali.

Dear participants,

During four days, you will review and screen activities implemented through the
coliaborative research program on soeil, water and nutrient management. Based on your
gudifications, 1 have no doubt that the recommendations fi-om this workshop will
improve the performance of this project.

With this hope, 1 declare open the fh-st workshop of the West InterCRSP group




Restoring Natural Resources for Food Security and Income
Russll Yost!, Aminata Badiane”, Abou Berthe, Mohamed Kebbeh’, Isaurinda Baptista®,
Modou Séne?, and Richard Kablan'

[ Universty of Hawaii, 19 10 East West Road, Honolulu, HI 96822

2 Isra-DG, Route des Hydrocarbures, Bel Air, BP 3 120, Dakar, Senegal

3 Nationa Agricultura Research Institute, PMB 526, Serrekunda, the Gambia
4 INIDA, CP 84, Praia, CAPE VERDE

Abstract

One ofthe most serious constraints to food Security in West Africa has been the steady

decline in agricuiturai productivity per unit area. ‘The decreasing productivity of the food
production system in West Africa must be reversed in order to achieve food security and
ugtainable productivity. The InterCRSP/West project is dedicated to reversing this trend
through improved management of the regions natural resources. One of the most
important keys to the improved management is another resource — the human resources,

that is the talent, experience, and dedication of key scientists of the region. The many

similarities in problems, experiences with the problems, and the solutions to the problems
form a knowledgebase of mgor vdue for the region. With such a knowledgebase, that
which has been iearned in some couutries need not be reiearned in others. We suggest
thet the exchange of this knowledge and the raising of conscientiousness of the scientists

with these skills is one of the most promising and exciting ways to reverse the

productivity decline. As a result of the first two years of research we identify the

following activities as integra to our drategy to reverse the decline in productivity.

1 .“Cross visits,” the coordinated visits of a key, experienced scientists from one
country to another and vice versa, are suggested as one of severd methods to improve
the use of knowledge and experience Of scientists in all countries in the InterCRSP/West
group. This may be a method to provide temporary expertise to initiate programs or to
fill short-term or initial, exploratory research needs. A procedure is being developed to
fecilitate and improve this sharing of knowledge and skill.

2. Consarvation of soil and water is needed more than ever. Mgor losses of
water, soil, and nutrients routinely occur & present. Stone lines and various steps in their
enhancement with multipleuse vegetation is being suggested and further tested as
effective strategies to better utilize water before it is logt to runoff.

2. Nutrient management efficiency centers on anima manure and to meet this
- chdlenge a “manure extender” hypothesis IS being tested. The technique seeks to
enhance the effects of manure with inorganic fertilizers. paticulaly in sandy. poorly
buffered soils. The technique is based on a current practice by farmers in the Dougouba
village of Madli.

4. On-farm tests. based on a thorough. initid exploratory participatory appraisal.
acquaints both the extenson personnd, ressarchers. farmers, and the community to
congdraints and opportunities for improvement.

5. Current fertilizer and food pricing policy is not conducive to providing
incentives and raw materials to produgers to increase productivity. Research in Gambia
shows that fertilizer use was reduced dramatically with price increases. On-farm studies
indicate thet the constraint is not the farmer’s awarencss of the need for nutrients but
rather the policy goveming its pricing and supply. While some technica improvements in




fertihizer efficiency appear possble with improved management of manure and fertilizers
as suggested above, it is clear tha nutrient use efficiencies are not as limiting as
marketing and policy constraints.

1. Cross visits

Surely one of the most important of the resources of the West region of the
InterCRSP effort and, indeed, al of the countries participating in the InterCRSP project,
is the human resources represented therein. It is, therefore, one of the gods of this
project to acquaint scientists of each indtitute with these potentid resource persons and
to develop aminimd cost protocol for financing the travel of these persons to assist
other countries in their specidity. An example of a recent “cross visit” was the August
vigt of Dr. Mohamed Kebbeh, NARI, The Gambia to accompany a vist to the
InterCRSP/Mali and the SM-CRSP/Mdi experimenta sites and subsequently to visit the
InterCRSP/Senegal Ste. The purpose of this visit, from InterCRSP objectives, was to
take advantage of the short term researcb that Dr. Kebbeh undertook while studying with
John Sanders in Purdue University. Dr. Kebbeh provided a seminar while & IER/Mali
and also gave asummary of his work while in Senegd. While the main purpose was to
provide the results of the work in Pur-due with the model developed by Economist John
Sanders, Dr. Kebbeh also had the opportunity to share some of his experiences with
fertilizer availability, use, and cost policy in The Gambia. For example, Dr. Kebbeh
pointed out that prior to sructura adjusment the rate of gpplication of chemica
fertilizer to crops m The Gambia was one of the highest in Africa. After structurd
adjusment of the Gambian currency, fertilizer prices became quite high and did not corne
down with time. Fertilizer use has sharply dropped off reflecting the adverse “ price of
product” / “price of input” ratio. If the farmers are Smilarly responsive to fertilizer cost
in other countries as they gppear to be in The Gambia then it suggests a strong possiiility
thet reducing fertilizer price may help in increasing fertilizer use, which seems imperétive
to reverse the nutrient mining thet continues to erode the food production capacity and
endanger food security.

Another example of cross vigts is the expanson of soil and water conservation
research in The Gambia. Under consideration is the possible cross vist of a Senegdese
scientist with extensve experience in 0il and water conservaion in conditions of soil
and climate very smilar to those in some areas of The Gambia Such sharing of expertise
and building on past experience in quite Smilar conditions can accelerate progress and
avoiding many years of costly experimientation.

Other examples of local expertise are goparent, but in many cases the presence
of this expertise is not known and it can be difficun for home inditutions to justify
vigts when they dready have persons with job descriptions smilar to those of the
experts. Perhaps one of the difficulties is in recognizing the unique tdents in various
InterCRSP indtitutions and rewarding and simulaing that taent.

During the August 1998 vist to Kaolack, Senegdl, this issue was discussed and a
recommendation to the InterCRSP coordinators was formulated. We suggest that
persons with the specific taent be identified and the minima costs of travel (air ticket
and per diem) be divided between the receiving ingtitution and the InterCRSP/West
project. The Litial vist by Dr. Kebbudhi was completely finanvud by the Project but this
cannot be continued.

Severd proposed “Cross vists’ include:




1. Modou Séne vist to The Gambia to assist in establishing a oil and water
conservation program in that country.

2. Modou Séne vidt to Mdi to assst in the improved utilization of stone lines,
their vegetation, stabilization, and preservation. Also to estimate costs and advisability of
locating water retention structures of the type developed by the French NGO near
Fansirakouro.

3. Further vists by M. Kebbeh to Mali to update and complete a survey of
farmer information that suggests subsistence farmers in the Cinzana region are,
contrary to expectations, applying chemical fertilizer to their subsistence crops and
how they are achieving this.

4. A visit by a soil and water conservationist to Cape Verde is under discusson.

5. A sharing of expertise on phosphogypsum (Badiane?) and rock phosphate
(Doumbia?) is needed between Mdi and Senegd.

“Cross vigts’ can be useful from the perspective of loca scientists because it
illustrates the broad relevance of ther programs in others countries and the interest of
other countries in those issues and approaches. Such vists can generate the necessary
enthusiasm to simulate fresh approaches and idess to solving the age-old problems.

2. Soil and Water Conservation

One of the more striking observations of the agriculture in the OHVN (Upper
Niger River Watershed) is the extreme drought that seems prevaent, yet as much as 800
mm of ran is received annually. Also noticesble are the steep dopes and frequent
exposure of impermeable rock and soil -- the result of extensive surface soil erosion and
exposure Of hardened underlying materials. The result appears to be a mgor loss of
rainfall, especidly when large, intense storms occur. As a result, it is clear that major
efforts in recovering and improved utilization of the rain are needed.

During the initid visit to the Kati region near Bamako, stone barriers were seen in
Tourodo and Fangrakouro. These structures had been extremely useful in slowing water
overflow and accumulating rich, but highly erosive soil. Others have noted that stone
barriers are beneficid, but often their bendficid effects are lost when the stones are
removed and reused for other purposes. Also stone lines ae only effective in trapping
larger <oil particles while dissolved nutrients and organic materials continue to be lost.
Consequently, dternatives are being developed including testing species of grasses or
trees that secure the highly erosve spil accumulated behind the stone barriers, lending
some permanency to the practice and aso provide for forage, timber, and firewood. One
species has been suggested for this purpese, Guiera senegalensis, but others have
advantages depending on the location and household needs. Investigations of aternative
species include testing species designed :for anima forage selected by the Internationa
Livestock Center in Africa (ILCA) being tested a Bamako, Mdi. One noteworthy
species iS Zizyphus mauritiaca used both as a forage and for fruits thet children relish. In
addition, cropping options that capture water before it leaves the field are needed. Some
photos of these technologies are available on the InterCRSP Website:
(http://agrss.sherman. hawaii.edu/yost/intercrsp/intercrsp2/Web_Technologies.htm).

In some villageo laige trees have beu paciaaturely chopped dowa o produce
timber necessary for fencing livestock. An dterndtive, living fences, are being tested a
severd villages. Svecies under test are Jatropha spp.. and Zizyphus mucronata (which
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Another technology that substantidly improves food security are smdl dams of
very smdl size thet retain water throughout much of the year. Such a water control
structure was developed by the Associat:ion Volontaire du Progrés (a French NGO) in
the vicinity of Fangrakouro, Mali. This Sructure maintains water throughout the dry
season and has measurably increased the water table, both above and beow the
gructure, according to the delighted villagers. The Fansrakouro farmers showed the
dructure to InterCRSP scientists requesting assstance in developing additiond
gructures of a smilar design. Such structures could be of use in many countries of the
Sahel. These smdl dructures, dso illustrated at the above website, are currently under
study for adaptability to wider implementation and use. The smal structure does not
appear to require extensve maintenance and thus should not risk falling into maor
disrepair. A characterization of these types of technologies will occur after the
workshop with surveys by TER/Mali and Virginia Tech soil and wtaer conservation
engineer. Experience gained in Senegd is adso thought to be of mgor use in improving
soil and water conservation practice in the InterCRSP/West network (Perez et dl.,
1997).

One of the mgjor steps in preparing for improved soil and water conservation in
Madi has been a brief survey of the soils of the experimental Sites of Fansirakouro and
N’tetekouro carried out by LaboSEP (Laboratoire de Sol, Eau, e Plante) of the
Inditut d’Economie Rurde (IER), Mali (Table 1).

Table 1. Survey of soils represented in on-farm experiments in N’'tentoukouro and
Fansrakouro, Mdi, LaboSEP, IER, Mdli.

Village Soil location Tentative Soil | Major features
Taxonomy

Fansirakouro-1 | 400 m NE of | Petroferric Sandy, highly weathered soil, wet-dry
the village Haplustult season, rocky, very acid

Fansirakouro-2 | 2km W of'the | Typic Clayey, nearly a vertisol, difficult to
village Ustropept manage, highly alkaline

Fansirakouro-3 | 1km W of the | Oxic Sandy, highly weathered soil, wet-dry
village Haplustult season, very acid

N’tentoukouro |2 km NE of the | Plinthic Sandy, weathered soil, wet-dry season,
village Haplustalf acid, plinthite' layer at 40-60 cm,

(Survey conducted by Omar Doumbia, [ER)

‘A plinthite layer is especially critical as if exposed to oxidizing conditions and allowed
to dry because it can harden into stone forming laterite. This may have occurred in
some soils where extreme eroson has exposed the pliuthite present in the lower
horizons.

Soil and water consarvation efforts have been underway in other InterCRSP/W
countries, most notably Senegal and Cabo Verde. As we’ll see during the workshop
visit near Kaolack, Senegal, there are severa examples of excellent water conservation
efforts
in severd watersheds of southem Senegal. Some of these results are published in Perez
ot al. (1997) and desviive the following ikiigucs.

1. Contour cultivation

2. Dry season de-compacting. This technique corresponds to a 10 cm deep
subsoiling done by aniwal traction with a single excavating pick. Because there is no
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avaldble time during the beginning of the rainy season (seeding operations), it is the
only solution to help infiltration of water from the first, and often violent rangorms.

3. Shdlow ridging before emergence, for a groundnut crop, sometimes ridging
soil over aline of manure (Séne, 1995).

4. Shallow earthing up, for the millet crop. This might include covering manure
with the ridged soil.

5. Lastly, brushwood checkdams and stone pavements were used to stabilize
the main gully and transform it into a permanent waterway.

The extensive, steep dopes of Cape Verde present a severe chalenge to dl soil
and water conservetion efforts. However, it is clear that much effort has been invested
in soil and water conservaion. Some techniques implemented incluu. ontour-hedge
rows, planting on the contour and vegetating with drought resistant Species. Extensive
work has been invested in stabilizing stream channels. It is clear that improved
consarvation of soil and water reman a the core of improved naturd resource
management in the InterCSRP/W project. New, more effective conservation measures
are needed while existing methods should be more widedly disseminated.

3. Nutrient management efficienc)

As numerous papers have indicated, nutrient mining and nutrient depletion are
widespread in the region and probably are the single most important reason for the
consgent decline in crop productivity of the region. The InterCRSP/W project is
working on this problem from two perspectives and disciplines: that of the policy level
and fam level economic programming and secondly by encouraging more estimates of
the amount of nutrient mining by encouraging routine assessments of the nutrient
balance status of dl proposed or improved cropping systems.

Fertilizer pricing policy. The analysis @ the policy level revolves around the
combined work of Mohammed Kebbeh (The Gambia) and John Sanders (Purdue
University) (Kebbeh, 1998). A farm-level economic programming model developed by
Ousmane Coulibaly (1995) was adapted to predict conditions in The Gambia (Kebbeh,
1998). Not surprisingly alarge number of studies identify the extensve nutrient mining
as aresult of msufficient fertilizer use, in some cases caused by unfavorably high prices
of fertilizer. Van der Pol (1993), for example, estimates that 40% of the farm income is
derived fi-om mined nutrients. The factors directly leading to the nutrient mining and
negative nutrient balances are thus probably not as much agronomic as socioeconomic
and include pricing policies and the interaction of pricing policies with Socioeconomic
conditions which have reduced the use of fertilization. Before structurd adjustment.
fertilizer use in The Gambia was among the highest in Sub-Saharan Africa. After the
adjustment and sharp price increases, fertilizer use has fallen to among the lowest m
the region. The Coulibay model, developed as part of a Malian Student's thesis at
Purdue University, replicates this observation, when adapted with coefficients
representative of conditions in The Cambia For example, Kebbeh (1998) illustrates
that a 25% increase in fertilizer price is predicted to result in a nearly 4-fold reduction
in fertilizer use. Further studies of the fertilizer price increase indicate that as much as
30% of the fertilizer price in The Gambia is simply due to taxes on imported fertitizer
matacialg [t SLEMS unklely that those N charge of hering this policy are cogr '~ant of
the extreme sengtivity of fertilizer use to price fluctuation and, in turn, probably are
not aware of the extremely negetive effects on sustanability and long term productivity
of Gambian agriculture of this tax on imported fertilizer. Further andysis with current
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data is needed to prepare a case for policy change to stimulate fertilizer use as a basic
component oOf food security and sustainability.

The Coulibaly model appears likely to be useful in examining policy
implications of pricing of fertilizers and food products in Madi as well. Scientists &t the
Ingitut D’Economie Rurde, Mdi observe that the current ratio of price of gran
product to price of fertilizer is so low that farmers cannot and should not be applying
chemicd fetilizers. For example, the ratio of the price of a kilogram of millet to the
cost of a kilogram of urea N is about 0.2, which is well below the recommended vaue
of 2 to 4 to expect adoption (IFDC, 1988). A participatory rurd appraisal of farmersin
the Cinzana region, however, reveded that 22% of the farmers interviewed sad that
they were, in fact, purchasng and applying tc..uizers to millet (SM-CRSP, 1998).
Two hypotheses may explain this unexpected purchase and gpplication of inorganic
fertilizer in face of such an unfavorable benefit/cost rétio:

- Millet is the staple crop in the Cinzana region and is an important source of
family pride and food security. Being able to produce the staple food to nourish the
family and provide for the household is obvioudy highly regarded. Thus the vaue of
providing for one's own family is not reflected in market prices partialy because this is
a subsistence item and the availability of millet ou the market is sporadic, usualy only
avalable when crop yields are unusually great and excesses occur (Kebbeh, personal
communication, 1998). According to this hypothess, the ratio does not reflect the true
vaue of millet for the food security of the Cinzana household.

- The second factor might be technological, that is the farmers may be
precticing a particularly efficient method of fertilizer application such that the crop
response per unit input might be much larger than that assumed in cdculating the IFDC
ratio of 2 to 4. This seems to be the case a least with manure applications in the village
of Dougouba, near Cinzana, Mdi. A common practice of farmers in this region is to
localize the agpplication of manure. As will be discussed later regarding the “manure
extender,” there is some reason to expect unusually efficient nutrient utilization when
inorganic fertilizers are physicelly mixed and placed with manure.

Further udies of the 22% of the farmers in the Cinzana region are needed to
confirm this surprisngly frequent use of inorganic fertilizer in spite of low market
prices for millet. Further studies are needed of the Cinzana (Sahdlian climate) and the
Bamako (Sudano-Sahelian climate) production systems using the Coulibaly model with
updated prices and more accurate fertilizer response functions. With further andyss in
hand, discussions and seminars with policy-makers is suggested as a next step to bring
the results to the attention of the Miiistry of Agriculture and other gppropriate
authorities in Mdi. The Gambian example of sharply reduced fertilizer use in response
to high prices tends to validate the dynamics and predictions of the Coulibaly model. It
remains t0 be seen if reversng fertilizer prices will dso reverse the decreases in
fertilizer gpplication following structural adjusment and restore the food production
potentid of the country.

The exercise of analyzing fertilizers use by subsistence farmers when price/cost
ratios are less than 0.5 has illugtrated the need for holistic assessments of the problems
of food security and productivity decline. It has also illustrated the growing talent and
experience Of scientists in the region and thar potentid to effect change if efforts are
conrdinated and condveted i an interdisciplinary, collaborative fashion among the
countries. This exercise has been a powerful example of the vaue and enthusiasm thet
can be generated with careflily selected and conducted crossvisits of experienced
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scientists from one country to another. We have leamed a great dedl from the cross-
vist and will be seeking to plan and organize a structure for such visits in the future.

Technology to improve the efficiency of fertilizer use.

Mi-mure extender

The “Manure extender” concept is an approach proposed by the
InterCRSP/West project to redize the beneficid effects of inorganic fertilizer while
building on an exiging famer practice of usng anima manure. The objective of the
approach is to extend the beneficid effect of manure by physicaly mixing manure and
N, P, K inorganic fertilizer and incorporaing it in a locdized fashion in the crop row
such that nlants such as sorghum, millet, and peanut are placed a ether end of the
manure - 1v, 2, K mixture placement. Some farmers in the Dougouba village, Cinzana,
Madli., have been applying compost in such a localized fashion for severd years S0 it
may be relatively easy for them to adapt their current methods by adding mixed
inorganic fertilizer to the manure.

This proposed method of gpplication is thought to offer some potentid benefits
over the usud manure versus inorganic comparisons in which the manure and the
inorganic fertilizer are physcaly separated:

1) The manure, when locdized, should provide a higher CEC environment than
the surrounding sandy <oil (usudly less than 5% clay), which might reduce the
excessive amounts of nutrient in Soil solution in such poorly buffered soil, and reduce
damaging effects of excessve concentrations of nutrients, i.e. st damage, and thus
possibly reduce loss through excessive leaching downward of the nutrient cations.

2) The manure should provide a buffer againg radicd temperature and
moisture change, because of the high moisture holding capacity of organic materia and
the high water content when at the same soil moisure tenson as the surrounding soil.
This should improve the growing environment of plant roots, increase the number of
microorganisms to mineralize the organic materid, and improve likeihood of
inoculation and intensity of mycorrhizal colonization of plant roots.

3) The manure should provide a Sow release of nutrients while the N, P, K
provides soluble, immediately available nutrients.

4) The manure should provide the smal amounts of micronutrients necessary to
meet crop requirements. Although macronutrients such as N, P, K, Ca, Mg, and S are
usudly deficient, it is dso quite likely that micronutrients are deficient in the extremely
sandy soils.

Unfortunately, reliable tests of whether or not the “manure extender” idea
really works have not yet been completed. Consequently, it remains an idea that may or
may not work but seems to have some interesting advantages to manure or inorganic
fertilizer alon e,

Phosphogypsum

The use of phosphogypsum, heretofore, an unused waste product of the soluble
phosphate fertilizer indudtry, is a direct method of adding calcium and sulfate, both of
which are usudly present in inadequate quantities. The importance of the cacium and
aulfate in phosphogypsum becomes gpparent when the high costs and low availability
of aternative sources of cadcium is known. Lime and rock phosphate are probably the
only other mgjor sources of cacium for the region. The practice of gpplying gypsutn to
acid soils ic rddivey a n¢w practice, probably only really becoming a widespread
commercia practice in Brazil in the 80's and 90's (IBRAFOS, 1992). During 1998
year the Senegdese govemment has begun a program of subsidizing the use of
phosphogypsum and rock phosphate by encouraging . rock phosphate and V-
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phosphogypsum  gpplication. It is unclear whether the excdlent yidds of peanut and
millet in the peanut basin in 1998 are at all related to this new practice.

While some farmers seem to worry about the acidifying effects of
phosphogypsum, it is useful to consider the extensve and widespread adoption of
phosphogypsum together with limestone as a highly successful means to quickly
remediate the surface and subsoil of acid soils of Brazil (IBRAFQS, 1992).

Rock phosphate continues to spark controversy as the residua benefits seem
difficult to quantify in a manner that can be saisfactorily andyzed economicdly
(Jomini et d., 1991), who found that for Niger the price of rock phosphate needs to be
less than ¥, that of soluble phosphate in order for it to be a better choice. One
unresolved issue appears to be that the resdua effect of rock phosphate has not been
well-quantified and whether the acidity neutralization and additions of cadcium are
significant. Considering the extremely high price of limestone, perhaps one of the few
ways to stabilize acidity might be with the use of rock phosphate. On-going studies in
Mdi are eagerly awaited in which the effects of composting with rock phosphate seem
to be a beneficial pre-processng of the rock phosphate. It is unclear &t the present time
how much ofthe beneficid effect might be due to the higher CEC of compost and thus
maintaining low spil solution calcum driving the dissolution process. or whether the
organic materials might be a source of acidity to accelerate the dissolution of the rock
phosphate or whether the higher water capacity and higher water content of the
organic media permits dissolution reactions to continue longer than in a sandy soil at
the same soil moigure tenson.

4. On-farm experiments

On-farm experiments are essentid to both developing the appropriate
technology as well as in testing and ensuring the adoption of the technology. The on-
fam experiments conducted in Mdi, for example, have been highly useful in better
understanding the constraints to adoption of technologies that will mitigae nutrient
mining, acidification, and in the conservation of both soil and water

The onfam experiments in the villages of Fansrakouro and N'tetekouro
reveded tha the famers are well-avare tha fertilizers benefit crops. Fat-mers and
extendon agents were, not surprisngly, unfamiliar with experimenta protocol and
goplied fertilizer trestments of manure and mixed fertilizers in a manner that precluded
detigicd comparison of treatments. One farmer, for example, applied the fertilizer
only on the poor section of his field because he knew that it would likely improve crop
growth and yidd. This practice, of course.. makes it impossble to compare treatments
to estimate the effect of fetilizer. One of the man results. then of the onfarm
experiments was not the initid, intended purpose, rather it was an indication that the
techniques and methods of efficient fertinzer and manure gpplication are yet to be
leamed. Some fertilizers. for example, nitrogen is mosly goplied after the initid
planting and can be sut-face-applied, while: manures, phosphates, and liming maerids
including rock phosphates should amost dways be applied and incorporated into root
zone for efficient utilization. Another important observation was that most farmers had
great difficulty obtaining the 2 tons / ha of manure required for even the small
capuaticutal grea. This illustiatcs the Scarcity of this nuici source, the itupussibility
of supplying all nutrients needs by organic mean aone and emphasizes the need for
inorganic fertilizers to supply the nutrient needs arrest nutrient Mining.
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Numerous problems were also encountered in non-nutrient factors that became
confounded with trestment effects making it impossble to test the initid hypotheses of
‘trestment effect. Examples of such confounding factors were heavy shading by trees
and mgor variations in amount of gravel in the soils on which treatments were gpplied.
Dates of planting for al trestments were not the same and trestments were applied
differently. The trestments included four ‘treatments. 1) A control, 2) 2 tons of animal
manure, 3) 2 tons of anima manure + N, P, K, fertihzer, and 4) the N, P, K, fetilizer
aone. The latter N, P, K treatment is necessary in order to test for the presence of a
gynergidic effect among the organic and inorganic fertilizers as hypothesized.

The reaults illudrate that farmers agppear to be well aware what fertilizers are
and tha they can be beneficid. Improved efficiency of fertilizer use seems possible
throwgh improved placement, timing, and improved coordination of agpplications with
plant growth and nutrient requirements. It seems prudent to further explore some of
the combined effects of manure and mixed N, P, and K fertilizers as suggested above.
The magnitude of change needed to reverse nutrient mining, however, will cealy
require more than a sSmple agronomic improvement in fertilizer use effidency.
Economic constraints appear to be much more limiting and fertilizer pricing policy
seems to be one of the key limiting factors to reversng nutrient mining and restoring
productivity of the land.

5. Current food and fertilizer pricing policy

As pointed out in both a recent book and later publications, Sanders indicates
that it is finally accepted that both organic and inorganic sources of nutrients will be
required to reverse the nutrient mining affecting Sub-Seharan Africa (Sanders and
Ahmed, 1998). This is dso the concluson of a publication focused on nutrient
management in Africa (Buresh et a., 1997).

It seems agreed that fertilizer pricing is one of the focd point of limited
application of nutrients and price subsidies are advocated by Sanders and Ahmed
(1998). They argue that progress towards reducing malnutrition, achievement of
greater food self-sufficiency, and reduction in environmental degradetion can all result
from increased and improved fertilizer management.

These authors point out that there are synergistic effects between organic and
inorganic nuttient sources and on the poorly buffered soils the combined application
makes sense. Some of the reasons given above for the rationde for the “manure
extender” idea are in agreement with Sanders suggestions. The authors suggest that
sub-saharan countries have been rationing foreign exchange and putting a low priority
on fetilizer imports Low input Strategies involving mixed crop rotations and
livestock, while helpful, are no longer sufficient to ensure postive nutrient-balance
cropping systems, i.e. those systems that no longer use more nutrients than they
contribute to the soil. These methods are complements to inorganic fertilizer rather
than subdtitutes.

Sanders and Ahmed also point out that a nationd fertilizer srategy needs to
include the revision of economic policy to emphaesize the profitebility of food
production rather than focusing on maintaining low urban food prices. In the long run
With improv wi wedhinulogies, oppoi tusivics, and incentives foi far mer s, food piices w il
likely lower. Lowering fertilizer prices seems, therefore, a way of permitting fat-mers to
feed themselves and begins to take up their critical role in providing improved food and
raw materid not only for themsclves but aso for the entire socicty.
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Improving food production in rural areas of the Sahel: a

review of potential technologies
R.A. Kablan, RS. Yo, A. Berthe, M. boumbia, A Badiane, 1. Baptista, K. Brannan and
1. Anahory

Abstract

Due to increasing number of factors affecting its food production systems, the
capacity to produce food in Africa has ,uen dedining over the past decade. To further
identify and understand the mogt limiting facters to declining crop performance, the
InterCRSP/West team conducted a survey in October of 1997 across four countries of
the Sahel (Cape Verde, Gambia, Mdi and Senegal). These countries are involved in a
collaborative research program for improving and sustaining food and raw materid
production in Africa The survey reveded that effective biomass management, water
conservation strategies and prices of farm products limit the food producing
cgpabilities of these countries. Currently, the dominant agriculturd practice is mixed
faming invaving crop and livestock. Millet, sorghum and peanut are the main daple
food grown by famers. Labor avalability is a mgor concern because of migration of
youth to cities. In mogt areas tree densty is very low due to human usage and high
mortdity during drought. Grass cover is ds0 dominated by annual species. Insufficient
land is availdble for fallow. Manure production is low because of lack of forages,
which they atribute to low fertility of the soils, decline in rainfall and lack of fetilizers
Wind eroson and run-off have adso reduced the production capecity of fragile soils

1. Introduction

A gable food supply is essentid ta the welfare of a society. In most of West-
Affica food production per capita has been dedining over the last decades. This hes
been mainly attriiuted to the rapid population growth and soil fertility depletion.

In the Sahd, increased soil acidity and erosion along with decreased soil
organic matter, Seem to be the mgjor constraints to food production. Because farmers
in the four countries visted are all resource poor and in view of the urgent nature of
the agricultural problems, the grester impact on sustaining food production would be
to determine technologies that can postivey affect faming activities. This artide will
briefly review technologies that may significantly improve small farmer’s production
system.

2. Evaluating current technolegies and their relevance ta production
systems in the Sahel

Crop Residue management

Crop resdue management drategies deserve special atention in dl four
countries. At the end of the survey it became gpparent despite their efforts, current
farming practices are neither feeding the people, nor heping them emerge fi-om
poverty, while the degradetion of the naturdl resource base continues. In the region, a
common practice is to remove crop resdue from the farm to be sold. This practice
takes away nutrients that would have been available to plants for the next growing
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season. Often, biomass capable of restoring soil organic matter leaves the field as
fuedwood (Fig 1.) or as crop resdues (fig.2).

Fig.1. Biomass leaving the farm to the city| as faelwood
(Fanskoro, Mdi)

Fig.2. Biomass leaving the fidld as
crop resdues (Kaolack] Senegal)

Because field often remainl bare between cropping seasons, soil nutrient losses may be
accelerated by runoff and wind storms. In addition, the removal of trees and other
types of vegetation on hilltops often further increases soil nutrient losses during

rangorm events (Fig.3 and Fig. 4).
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Fig.3. Hilltop vegetation clearing a potentiad source of erosion (Fansirakoro, Mali)

Fig.4. Typica aspect of a farm after crop harvest (Fansrakoro Mali)

Studied conducted esewhere have often shown that substantid accumulation of soil
organic matter can be achieved ifcrop residues are incorporated into the soil after crop
harvest or even left on the seil surface as mulch. Furthermore, mulch cover is know to
enhance soil biologica activity, modify| soil temperature, improve water conservation,
reduce soil seding and crushing, and reduce soil eroson (Lal, 1974; Padwick, 1983;
Sivakumar et al., 1992). Note that Pieri (1989) shows cases where the opposite occurs.
In fact, in the presence of manure (crop resdues), it appears that in addition of other
factors not yet known, fertilized management practices and soil texture cam result in
either gain or loss of seil organic matter oven time|

Why| biomass is not lefil on the farm is not well understood but the lack of water to
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grow extra feeds for livestock during the long dry season can be singled out.

Because most farmers lack the financial resources and/or cannot get access to farm
credit to afford chemical fertilizer, without which the process of nutrient depletion will
continue and become severe every year, the choice of crop residues seems to be an
alternative that cannot be ignored.

Our hope is what the InterCRSP project puts a greater emphasis on finding
ways to effectively manage crop residues. Already, experiments on crop production
systems that take into account nutrient balance and soil water status over time are
underway.

Green manure and cover crops

Conventional agricultural practices use chemical fertilizers to restore the
nutrient status of impoverished soils. However, these fertilizers are costly and often
cannot be purchased by rural small scale farmers of the Sahel. Under these conditions,
the preservation of biomass in the form of green manure becomes an important mean
to replenish soil fertility.

Before the wide spread use of chemical fertilizers in developed countries, green
manure and cover crops in rotation with cereals were commonly used. The InterCRSP
survey conducted in October 1997 revealed that green manuring is not used at all or on
a limited basis in most of the region visited. However, evidence of many species (Fig.
5.) for organic green manuring exists (A. Berthe personal communication).

Sanchez et al., 1989 found that for short cycle crops, such as maize, rice and
soybean that have high demand for nutrients, timely application of organic matter with
low C/N ratio, such green manure and compost could synchronize nutrient release with
plant demand. Thereby, minimizing the amount of inorganic fertilizer needed to sustain
high crop yield. When plant species are properly selected green manure can enrich the
soil with fixed N, conserve and recycle soil nutrients and provide ground cover that
minimizes soil erosion.

Fig. 5. Potential green manure species (Niebe trial at
Cinzana Station, Mali
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Manuring and composting in Cape Verde, Gambia, Mali and Senegal our survey team
found that the use of animal manure is strictly tied to livestock ownership as
excpected. Unless a farmer can afford animals he is unlikely to use manure, because his
only source of animal manure will come from the animals. As a result, whenever a
farmer is determined to become an animal owner, the tendency is to grow cash crop to
the detriment of food crop. For the very poor, manure is not an option or its use is
limited to fields around the house compound.

Almost all farmers surveyed reported insufficient amount of manure available
for their personal use and those who do have it lack the farms equipment to either
transport it to the field or incorporated it into the soil. It was encouraging to find that
most farmers knew the value of manuring and were trying hard to acquire enough of it.
In an interesting example in Cinzana (Mali), in exchange for free feed a cattle owner
did agree to confine his herd in a designated area of a host farmer’s field where manure
and urine were deposited (Fig. 6 and Fig. 7).

Fig.6.Catlle must stay on the farm (Cinzana, Mali)
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Fig.7. Aerial composting (Dougouba, Mali)

Composting (Fig.7,8,9) on the other hand, can be a very effective way to manage,
household waste through biological decomposition. Studies conducted in Africa have
shown that favorable results can be obtained with compost (Scaife, 1971, Swift et al.,

1994). Again, except for Cinzana, composting was not a widespread practice in the
surveyed locations

Fig.8. Surface composting (Dougouba, Mali)



Fig.9. Underground composting (Cinzana, Mali)

Other researchers have reported that the lacki of widespread practice of
composting was due to lack of water and limited availability of plant and crep residues
(Poulain, 1980). Ways to minimize constraints (O manuring and COMposting must be
furtherl researched including how to improve its quality (nutrient content etc.) in order
to be ablel to meet plant nutrient requirements. Managing manure for its P content can
be aso important for the region.

3. InterCRSP/West strategies to improve food production

Manure extender

Experience gained with the exploratory survey hasstimulated InterCRSP/West
collaborators to propose new ideas on how to address some the problems mentioned
above. For example, experiments design to look at thel synergistic effects of using| a
mixture of chemical fertilizer With manure are being conducted at Fansirakoro and
N’Tetoukoro, Mali. This approach is important for severa reasoms. 1) We know
farmers prefer chemical fertilizer over manure but they always have little to use.
Therefore, an idea to mix the two in small quantities “manure extender” may be an
attractive aternative, 2) Chances are that the inorganic fertilizer will be much more
effective with the manure than separate (better Water holding conditions in thel manure
etc, 3) Buffered changes i temperatures should improve root growth, 4) Improved
environment for bielogical activity in thel manure-inorganid fertilizer! combination, 5)
The manure may be providing other nutients sach as micronutrients that are not
present in the inorganic fertilizer, but are needed in small amounts. For example the
requirement Of zinc would be very little and there may be enough in manure to provide
for some excellent growth aslong asthe N, P, and K aresupplied by the inorganic
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fertilizer. In fact, recent findings support the synergistic effect of the mixture of manure
and common fertihzers. Mogt importantly, this goproach does not pit the manure
agang the inorganic fertilizer as competitors. It likely should stimulate the improved
management of manure for use as an amendment for better nutrient management.
Finally, it is a low input operation, the only requirement is access to a little inorganic
fertilizer and the added benefit of saving labor from heavy manuring (R Yost, personal
communicetion).

Determining the value of manure (Nutrient balances)

Currently, there are no guidelines for determining ifmanure applied is adequate
for crop requirements. However, the awount of manure to be applied on a given field
is dependent on the nutrient status of the fidd, the nutrient needs of the crop to be
grown, the nutrient content of the manure. Therefore, the need for smple spread sheet
software to caculate nutrient balances on yearly basis is imperative. This gpproach will
help achieve improved nutrient recommendations t0 supply crop nutrients a a rate that
satisfies their needs and dso maintain a bdance in the soil. Definitely, without such an
approach the process of nutrient depletion will continue and even become more severe
every yea.

Incentives for increasing production (Farm equipment, Markets, Prices
of farms products and infrastruc tures)

The unavailability of farm equipment appeared to be a serious concem for the
farmers surveyed. Farm work is physicdly demanding and because most farmers are
old, working manually long hours during the cropping season without any equipment
can reduce overdl labor productivity. So,, we believe access to a minimum level of
modern equipment (cart to carry manure etc.) may boost productivity.

Analyzing experience in northees Uganda in terms of its implications for future
development, both in Uganda and dsewhere in Africa, Carr (1992) pointed out two

griking facts. The first was the rapid podtive impact on the productivity of small
farmers of a sable political Stuation combined with good infrastructure which tends to
encourage efficient and competitive pricing. The second is the underestimetion by
government over many years of the farmers quick response to real price incentives. AS
a result of its apparent lack of understanding of the underlying forces which motivate
farmers, successve governments have been providing initiatives that reduced both the
quaity of marketing and the level of economic incentives t0 farmers. This author went

to add that this remains a common feature of governments in Sub-Sahara Africa today.
Political exhortation or extension pressure is gpplied to farmers to produce one crop

while pricing signals encourage them to produce another (Cocoa and coffee in Cote

D’lvoire, Cotton in Mdi, Peanut in Senegd etc). Alternatively, campaigns are
mounted to encourage the use of purchased inputs while pricing policies are reducing
the benefit to cost ratio of the proposed innovation.

We deeply concurre with the author that this may be the most critica issue for
the improvement of African faming systems, but yet it seems to receive remarkably
little attention from policy makers and others. It is therefore gpparent that research and
policy action should be directed to both a not only raising the level of food supply but
2lz.. 10 increasc the g+ :rage tandard of living £ fars;: households.
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4. Concluson

The problem of nutrient mining appears to be largely a result of both ingppropriate soil

nutrient management and fertilizer cost policies. Evaluating current technologies used
in the region and adapted to exigting farming practice gppears to be the best option

there is to increase food output. This will require both fundamental research and a
greatly increased level of fidd experiments if the problems of increasing production,

paticularly in the drier areas, are to be solved. Any measurable result invariably will
depend on the level of understanding of the red problems of the small farmer face and

the applicability of these solution to these problems.
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THEME 1: FARM PROGRAMMINGANDCOUNTRY
POLICY
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Farmer to farmer visit
Baptista, I. and L Anahory, Inida, Praia, Cape Verde

Abstract

Severd activities, which ded with erosion, salinity and Joss of soil organic matter, have
been implemented in Cape Verde; however, there has been a lack of communication
among farmers concerning the benefits or condraints of such activities. In order to
promote communication and transfer of experiences between farmers, INIDA's
researchers organized a farmer-to-farmer visit in the Riidra Seca watershed. To
conduct this visit a group composed of twenty farmers, two researchers and a
technician spent aday in different areas of the watershed where farmers explained their
activities related to soil salinity, loss of soil organic matter and/or soil erosion.
Although many of these activities were performed in the past projects there was il
much learn from those present. The vist was considered a success and farmers
suggested that this type of activity is worth repeating. The impact of this vist will be
monitored as part of the InterCRSP activities for 1999.

1. Introduction

In Cape Verde, soil characteristics, topographic conditions and climate
condraints have produced a unique agricultural system. The two mgor systems of
production are rainfed agriculture practiced mostly on the hillsides of the vdleys
(ribeiras), and irrigated agriculture in the valey bottoms and near the occasond water
source. The prevailing rainféd agriculture activity on scarce arable land and population
pressure have led farmers to cultivate on steep dopes. The annual maize/beans
intercropping in these areas has accelerated eroson and soil degradation (i.e. loss of
organic matter). Lrrigated crop production s practiced whenever and wherever water is
avalable Water supply is the mgor constraint to production and there has been an
increase in crop loss due to gradual decrease in water quality. Since Cape Verde has a
short rainy season to replenish the aquifers farmers are forced to overpump their wells.
The successve water withdrawa causes salt water intruson consequently increasing
s0il dirtty over time.

Severd activities which ded with erosion, salinity and loss of soil organic
matter have been implemented in Cgpe Verde; however, there has been a lack of
communication among farmers concerning the benefits or condraints of such activities.
With this farmer-to-farmer vist, INIDA’ s researchers intended to promote transfer of
information and technology between fat-mers related to soil salinity, l0ss of soil organic
matter and soil eroson.

2. Methodology
Vigt preparation

In order to conduct the farmer-to-farmer VviSt we began by contacting several
farmers of Ribeira Seca watershed with experience in one or all the areas related to our
objectives. We «elected about twenty farmers, with simehing » teack or learm, and
explained to them the objectives of the vist. Knowing the number of people that would
be involved in this activity we rented two vans to accommodate the visitors and
ordered lunch as we intended to stay dl day in the field.
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The visit

The visit was done on July 27" We left INIDA, S. Jorge a 8 AM with the
farmers, drivers and INIDA’s group composed Of two researchers and one technician.
The vist was done in different areas of Ribeira Seca watershed such as Lém Jorge,
Macati, S. Cristévdo, Caumbra, Mato Afonso, Mendes Faleiro Cabral, Godim and S.
Jorge, where both rainfed and irrigated agriculture are practiced.

At the end of the visit and prior to returning home, we had hmch a a farmer’s
fiedd while the vistors gave their impressons about this experience.

3. Discussion

a, Soil salinity
1. Farmers activities
Salinity was seen in mogt fidds we visited, especially in those where flood
irrigation is common. In order to overcome this condraint several farmers suggested
thet this irrigation method be replaced by drip irrigation. Others have been planting
tomatoes closer to the wells followed by bananas and sugar cane since the former
requires frequent irrigation and the closer to the well the less pumping is needed.

2. Researchers perspective
Salinity of both soil and water cannot be solved ovemight. Although farmers
activities are satisfactory, there are other actions that need to be considered. For
example
a Crop rotation systems using sdlt resistant crops.
b. Avoid removing sand from the coastal areas since it iS causng salt water
intruson and decreasing water quality in the aquiférs.

c. Use of organic méaterids to improve soil structure and, consequently improve
infiltration and drainage during the rainy season.

b. less of soif organic matter
I. Farmers activities
Loss of soil organic matter is a constraint throughout the Ribeira Seca watershed.
This problem has been difficult to surpass since, as explamed by farmers, at the time of
harvest they have to leave the soil bare in order to have some feed for the amimals.
Some of them, however have been using, when possble, anima manure and/or banana
leaves in the soil to replenish its organic matter content.

2. Researchers perspective.
Generally the soils of Santiago island are low in organic matter (<1 to 2%) and the
quantities Of manure and/or organic materids necessary for mgor change in soil
organic matter status are large. However, we would suggest, in addition to farmers
activities, the use of compost made of household trash and other organic material to
improve soil organic mater content.
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C. Soil erosion
1. Farmers activities
In Riidra Seca watershed com/beans intercropping is the prevaling rainfed activity,
but when practiced on stegp dopes it results in aggravated soil loss and erosion. Given
this problem, many projects have launched programs designed to reduce erosion and
promote soil conservation. Of these programs we emphasize those that have been
adopted by farmers of Ribeira Seca which they demonstrated during the vist:
- Condruction of water and soil retention sructure such as dams, bunds, retaning
walls and underground reservoirs done by public work fronts and the government.
-= Condruction of contour vegetable barriers and contour rock wal terraces to
decrease runoff.
- Converson of large areas of rainfed corn/beans intercropping to pigeonpea since as
a perennial, it protects better againgt erosion.
= Useof crop residue as mulch to increase infiltration and reduce raindrop impact.
-~ Use of a different technique of cultivating peanut on the dopes, for example, by
cutting ridges along the slope to act as water channels and decrease hill erosion on
peanut fields.

2. Researchers' perspective,
Soil eroson control measures used in Ribeira Seca watershed have significant
impect in reducing runoff; however, we believe that many farmersin that area are not
aware of its benefits.

4. Conclusion/Recommendation

In order to promote communication and trandfer of experiences between
farmers, inserted in the interCRSP activities, INIDA s researchers organized a farmer-
to-farmer visit in tbe Ribeira Seca watershed. According to the farmers who
participated in this event, this activity was successful and very beneficid since they had
the opportunity to meet otber colleagues, learn and teach some techniques which will
help them reduce soil sdinity, soil erosion and loss of soil organic matter. They
suggested thet this activity should be done as often as possble involving famers from
other areas of Santiago idand since they are sure there ig a lot to learn. The consensus
was that the farmer-to-farmer vist was a great experience and worth repeating.
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Adoption and Farm Level Impact of Improved Fertility
Management Technologies in the Sudano Sahelian Zone

of The Gambia
Mohamed Kebbeh, Nationa Agricultural Research Institute (NARI), The Gambia

Abstract

Low inherent soil fertility and decreasing levels of chemica fertilizer use have partly
explained the significant decline in crop yidds in Gambian uplands. The problem has
beer aggravated by rapid expansions in cropped area and a reduction in the traditiona
fallow periods. Researchers are atempting to address this problem by evaluating

dternaive soil fertility management strategies in eastem and western Gambia. Initid
results show increases in cered yields resulting from the use of inorganic fertilizer in

combination with chemicd fertilizers

Research efforts have so far focused on agronomic parameters, with little attention to

important socio-economic factors that determine potential adoption and the subsequent
impects of these technologies. The introduction and adoption of new or improved

fertility management technologies have important socio-economic and fam resource
allocation implications, and an understanding of these factors would assist in the
generation of technologies that are consstent with farmers production objectives and

adequately reflect the conditions and constraints facing farmers for whom these
technologies are being developed. Also, use levels for external inputs like chemicd
fertilizer are determined largdy by relative price levels. The significant decline in

chemica fertilizer use in the country over the last decade has been attriiuted to sharp
price increases resulting from the removal of farm subsidies.

The general objective of this study is to determine the adoption and farm level impects
of different soil fertility management technologies under dternative pricing policies.

Whole farm models are developed to assess the adoption and farm level impacts of
combingtions of organic and inorganic fertilizer. The results show postive response to
chemicd fertilizer price changes. Area under millet increeses dramatically, a the
expense of groundnuts and maize, with @ 25% decrease in chemica fertilizer prices.
Also, levels of urea and compound fertilizer use and farm level profits increase with the

decline in chemicd fertilizer prices. The results show a slight decrease in organic
fertilizer use under the lower input price scenario.

L Problem Statement

With rapid population growths and limited access to production resources like
land and invesment capital, Sahelians are under increasing pressure to address the
important factors that have condrained agriculturd productivity in the region. In some
Saehelian countries, attempts have been made to address the problem of declining
productivity through intendfication of land use. Also, the introduction of draft anima
tractictn technology in the Sahel over the last twenty years has resulted in vast
expandons of area under crop cultivation and a near eimination of the traditional bush
fallow system that was the principal means of regenerating 0il fertility.

Low crop yields and persistent declines in the production capacity of Gambian
upland soils are generdly attniouted to tow inherent oii fertility and low levels of
organic and inorganic fertilization to replace removed nutrients from the soil.
Significant reductions in inorganic fertilizer use following the removal of farm subsidies
during dructura adjustments have resulted in rapid soil degradation in Gambian
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uplands and a failure to replenish soil nutrients. In addition, access to organic fertilizer

is limited for the majority of farm households. Rapid expandons in area under crop

cultivation and a near elimination of the traditiond fadlow system have compounded
these problems. It is not surprising, therefore, that a number of farmer condrant
sudies have identified dedining soil fertility as a primary condraint to increasing

productivity in the farm sector (Mills et d.; 1987, Boughton et al., Torrence, 1989;

1987; Kebbeh et al., 1996).

Research efforts to address the problems of dedining soil fertility in Gambia
uplands have intensified over the last few years. The Cropping Systems and Resource
Management Promam of the country’s Nationd Agricultural Research Institute
continues to evaluare dternaive fertility management options in a number of on-farm
and dation trials. These research efforts have focussed on establishing crop yidd
responses to dternative fertility management technologies. In eastern Gambia, different
combinations of crop rotation and organic and inorganic fertilizer levels are being
examined in trids initiated last year. Initid results indicate thet application of inorganic
fertilizer in combination with organic fertilizer significantly increased yields for millet,
maize and groundnuts. In the western half of the country, a long-term trial aimed at
assessing the longterm effects of soil amendments and the interaction of manure and
vaious levels of inorganic fertilizer was initiated lagt year. Initid results indicate that
organic manure in combination with chemicad fetilizer gave higher mean yidds than
inorganic fertilizer done. Smilar dudies in Mdi and Senegd have dso reported
podtive yidd responses to inorganic fertilizer used in combination with organic
fertilizer.

As already pointed out, agricultural research efforts on soil fertility
management have so far focussed on agronomic parameters, with little attention to
important socio-economic factors that would significantly determine potential adoption
and' the subsequent impacts of these technologies. The introduction and adoption of
new Of improved fertility management technologies have important socio-economic
and. farm resource dlocation implications, and an underdanding of these factors would
assist in the generation of technologies tha are conssent with farmers production
objectives and adequately reflect conditions and constraints facing farmers for whom
these technologies are being developed. This is criticd for the sustainability of
introduced farm technologies and potentid payoffs to soil fertility maintenance
research in The Gambia As efforts to generate sustainable soil fertility amendments
continue, the following questions are important.

- Given fam resource endowment and potentid performance of the technologies
being tested, what is the potentia of adoption (i.e., Who will adopt, what will
they adopt, how much will they adopt)?

- How will adoption of technologies affect fam level resource dlocation and
crop / livesock mix in both the short and long run?

What will be the farm/household leve impact (fam output and income) of

adoption.

How sugtainable are these technologies?

What are the effects of dternative fam policies on the sudanability of

potential  technologies?

Addicssing these questivus will be critica to tht loag-run viebility of poteiiial
interventions to address the problems of spil degradation in the country. An important
consideration is that agriculture in the country be consdered from a holistic approach.
At the levd of the amdl farmer, soil fertility maintenance is viewed fi-om a whole farm
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perspective, with farmers teking advantage of resdua nutrients fi-om previous
applications through crop rotations, tethering of livestock and short-term falow. The
adoption of improved soil fertility maintenance drategies would definitely have
resource dlocation implications & the household levd, and it is important to
understand these. Also, farm households from different resource categories may adopt
different drategies, and it is, therefore, important to have an understanding of the
different farm resource categories in the intervention areas.

2. Objectives
The generd god is to determine the adoption and farm levd impacts of
potential soil fertility management technologies The technologies evaluated are; use of
organic fertilizer at 2.5 tons per hectare, use of inorganic fertilizer a the recommended
rates, use of hdf the recommended rate of inorganic fertilizer in combination with
organic fertilizer, use of the recommended fertilizer rate in combination with organic
fertilizer, and a control of no organic or inorganic fertilizer. In addition, different
fertilizer prices are used to evaluate the effect of dternative input pricing policies on
the adoption and fam levd impact of improved fertility management technologies.
The specific objectives of the review are to:
1) Determine the farm level adoption of different combinations of
inorganic and organic fertilizers in upland fidds,
2) Determine the impact of new fertilizer management technologies on
cropping patterns
3) Identify the farm levd profit effects of improved fertility management
technologies, and
4) Determine the effects of inorgenic fetilizer price changes on the
adoption and farm level profits impact of improved fertilizer
technologies.

3. Methodology

Study Area: The Sudano Sahelian Zone
Agroecological Characteristics

One of three mgor agroecologica zones in the country, the Sudano sahdian
zone covers dl of Gambia except the Western Divison and extreme north of the
Centrd River Divison. The zone is characterised by savanna woodland vegetation with
an average annual rainfall of 600 to 800 mm. Like other regions in the country, ranfdl
in the sudano sshelian zone is very erratic, and the rainfall window has decreased
conggently over the last decade. The period of plant growth ranges fi-om 90 to 100
days, beginning in July and ending in September/October.
Produc tion Sys tems

The principa upland crops in this zone are groundnuts, millet, ard maize
Sorghum, sesame, cotton and cowpea are also produced but to a limited extent.
Agriculture in the sudano sahelian zone is characterised by both traditiona rainfed and
semi-intendve production sysems. The traditiond rainfed system, referred to the ‘low
input extendve upland system”, is characterised by extensve cultivation made possble
Uy a relatively low popuiation dendity. Los. lovils of crop manageiuuii b this System
are apparent in extremely low plant populations, use of traditiona crop varieties and
limted use of extemd yidd augmenting inputs like inorganic fertilizer. Production
increase is largely accounted for by expanson of area under cultivation. The semi-
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intengve system on the other hand is characterised by the use of improved production
techniques and the use of externd inputs like inorganic fertilizer. In addition, a higher
crop-livestock interaction under this sysem facilitates grester access to organic
fertilizer.
Primary Constraints

Declining soil fertility has been identified as the principal constraint to
agriculture in the sudano sahelian zone. The problem is attributed to low leves of
inorganic fertilizer use, decreasing fallow and continuous cropping. In nland villages
away from the river, reduced access to organic fertilizer due to the out-migration of
livestock during the long dry season has compounded the problem. Soil erosion, lack
of access to farm credit and pest control chemicds, and inadequate farm labor supply
are other important condraints to the farm sector in this zone.
Land Use and Farm Mechanisation

In the Sudano Sahdian zone, land use is categorised by both plot location and
gructure of ownership. Inner fields are located close to village settlements and receive
mogt of organic fertilizer used for crop production. These fields are usually tethered
during the dry season, and then put to maize the following rainy season. Quter fidds
on the other hand receive very little organic fertilizer and are used predominantly for
the production of cash crops like groundnuts. In terms of ownership, fiddds can be
either cultivated individudly or communaly. Individual fields are generally put to
groundnuts, which is the principa cash crop. Household staples are cultivated on
communa fidds

The mgority of fam households in the Sudano sahdian zone ether own or
have access to draft anima traction. Oxen, donkeys and horses are the predominant
sources of draft power in this zone. Crop production activities for which animd
traction power is used include seeding, weeding and harvesting. Like in most parts of
the country, deep plowing is uncommon in the sudano sahelian zone. Dry seeding just
prior to the first rains or direct seed immediately after is the most common practice.
Data Requirements and Sour ces

Data requirements include human and anima traction labor requirements and
supply, imput and output prices, crop yields, fam resource endowments and seasona
weather variation’. Human labor requirements are based on labor budgets for the key
crops, and supply is based on the structure of the typical farm household. Crop yied
data are derived from adjusted results of trids conducted a the research dations and
on famers fidds Resource endowment covers land, liquidity and other farm inputs.
The Theoretical and Empirical Models

The adoption of soil fertility maintenance strategies can be seen as a problem of
portfolio dlocation since adoption requires the dlocation of farm resources given
production objectives and resource condraints. An ex-ante evauation of the different
technologies (from a whole farm perspective) is done using mathematica programming
to simulate fam levd adoption and profit effects of soil fertility management
technologies. This paper adapts the model developed by Coulibaly (1995) and uses the
Direct Expected Utility Maximization (DEMP) program® which is generdly formulated
as.

1 Daa y,ou 1t the Models repiesein vesi wstimates and are subjev o wudification following
verification. The model results presented later are therefore illustrative.

2 For a detailed presentation of the theoretical model, see Coulibdy, 1995
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where a negative exponentid utility function is given as

UWw) =-e™s
Here
W, = vector ofnet revenues from crop production activities
§ = dates of nature
E[.] = expectation operator
>0 = codficient of absolute risk aversion

Crop production activities are undertaken subject to resource endowment
condraints to cover avaladlity of land, human l|abor, draff animd traction and
liquidity. In addition, non-negetivity condraints are imposed on dl decision variables.
For each resource category, the constraint is depicted as;

LA X<

where A; = input requirement for crop activity j at period I

X = hectares of crop j at period I

L; = resource availability a period 1

The objective function in the empiricd model is to maximize the expected
utility of net farm revenue subject to congtraints on access to liquidity, land, human
labor and animd traction power. The farmer is assumed to be risk averse and
production activities cover three crops udng five fertility management options per
crop. The model thus includes atotd of fifteen activities. Three states of nature and
their probabilities of occurrence are used for computing expected yields and farm
profits. Output prices aso vary by state of nature. Liguidity and total land available for
production are restricted to reflect access to these resources by smdl and medium farm
households in the Sudano Sahdian zone. Production activities are broken into five
periods and congraints on human labor and animd traction availability reflect tota
time available for identified activities and the active labor force and number of animals
per farm household in the zone.

4. Discussion of Results

The model’ is constructed to reflect production practices with different fertility
management technologies. Crop varieties and cultural practices reflect current farmer
practices. The results represent optima crop choices under different organic and
morganic fertilizer regimes. The control trestment reflects cropping With N0 organic or
inorganic fertilizer. Other trestments are; use of organic fertilizer done a 2.5 tons per
hectare, use of chemicd fetilizer done a the recommended rates, use of organic plus
inorganic fertilizer a haf the recommended rate, and use of organic plus inorganic
fertilizer a the recommended rate. The crops conddered are groundnuts, millet and
maize. Sorghum and sesame are not included in the models because they represent a
very small proportion of the total cered production. The base model represents
production choices under current inorganic fertilizer price levels. The model is then re-
edimated assuming a reduction in the price of inorganic fertilizer. This scenario depicts

3Coefficients are based on estimates and may not be accurate representations. All models
will be te-estimated using more accurate coefficients.
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a pricing policy where the output prices increase relative to input costs. Estimation
results are discussed in this section.

Technology Choices and Total Farm Qutput

Optima Soil fertility management technology choices and output under the two
price scenarios are presented in Table 1. At higher inorganic fertilizer costs, the optima
plan is to use lower levels of inorganic fertilizer. The results indicate cultivating 3.984
hectares of maize usng organic fertilizer only. Groundnut is also cultivated usng a
combination of inorganic and organic fertilizers a haf the recommended rates. These
results depict the trend in inorganic fertilizer use in Gambia over the last decade. With
the removal of fertilizer subsdies, a sharp increase m the cost of inorganic fetilizer has
resulted in dgnifkant declines in chemicd fertilizer use. In the sudano sahdlian zone,
maize is cultivated in inner fidds close to the village, and these fidds receive mos of the
organic manure used for production. Groundnut on the other hand is cultivated primarily
in outer fields and is a priority crop for inorganic fertilizer application This could be
because groundnut is the principa cash crop, hence more likely to receive externd inputs
like chemicd fertilizer. Millet is not included in the optimd plan given the higher price
scenario dthough it is the staple cered in the sudano sahdian zone. The results suggest
that at higher imput codts, it is not profitable to invest in extend inputs for millet
production.

The second scenario illustrates the farm levd effect of increasing output price
reldive to input costs. Here we assume a policy of a decrease in the red cost of inputs.
The results show a significant decline in maize and groundnut production & lower
chemica fertilizer prices Resources are diverted from maize and groundnut to millet
production under this price scenario. Use of organic fertilizer done continues to be the
optimd technology choice for maize. For both groundnuts and millet, the optima plan is
to use hdf the recommended raie of chemicd fetilizer in combination with organic
fertilizer. The results suggest higher levels of cered (millet) production. at affordable
fertilizer price levels. This is consistent with arguments that for cered production to be
attractive to smal-scale producers in the country, output prices must increese reldive to
chemicd fetihzer costs. This has important policy implications and will be a focus of
further anayss following re-esimation of coefficients and data modification.
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Table 1. Optima Crop Choices and Output Levels under Different Price Scenarios

*Scenario A *Scenario B
Technology
Crop Area (ha) | Output (kg) | Crop Area output
** Millet (C4)
0 0 3.027 4607.8
Maize (C7) 3.984 3854.376 1.407 1361.02
Groundnuts (C14) 2.016 3268.379 1.5664 2539.088

* Scenario A. existing fertilizers prices, Scenario B: 25 % reduction in fertilizers prices
** C4 = Millet with halfthe recommended rate of chemical fertilizer plus manure

C7 = Maize with manure only

Cl4 = Groundnuts with hdfthe tecommended rate of chemicd fetilizer plus manure

Input Levels and Expected Farm Profits

Model results for input use levels and expected farm profits under the two price
scenarios are presented in Table 2. The results show that inorganic fertilizer use among
farm households continue to decline with higher chemica fertilizer price levels, resulting
in decreesing expected farm profits. At higher inorganic fertilizer costs, the optima plan
supports usng chemicd fertilizer on groundnuts enly, the primary cash crop. Under this
scenario, compound (NPK) fetilizer is used for groundnut production, with no
investment in urea. Organic manure is used for both maize and groundnuts production.
The reaults explain the sharp decline i chemicd fertilizer in The Gambia following the
removal of input subsdies and sharp increases in the price of inorganic fertilizer.

Table 2. Input Levels and Expected Farm Profits under Different Input Prices

Input Level/Farm Profit * Scenario A Scenario B
Urea (kilograms) 0 151.349

Compound (kilograms) 100.807 305.338

_Organic Manure (tons) 12.48 9.26
Expected Farm Profit (Dalass) D 15113.678 D 15557.254

* Scenario A exigting fertlizers prices; Scenario B 25 % less codtly fertilizer.
Constraints to the Adoption of Fertility Amendment Technologies

Land, labor, animd traction and liquidity constraints are specified in both
models. Binding constraints and their sbadow prices are shown in Table 3. The resuhs
show liquidity and land to be binding under both price scenarios. The lower shadow
price for liquidity under the higher price scenario provides further evidence of dedine
in chemicd fertilizer use with input price increases. The decline in chemical fertilizer
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ue implies lower liquidity requirements for inorganic fertilizer purchases With
reductions in the relaive price of chemicd fertilizers however, increases in the levels of
urea and compound fertilizer result in a higher liquidity requirement. The shadow
prices for land are extremely high under both scenarios, suggesting that the
specification of the land constraint in both models may not reflect farmer
circumstances. This issue will be reviewed when the modds are re-estimated using
more accurate coefficients.

Table 3. Farm Congraints under Different Price Scenarios

Constraint Shadow Price
* Scenario A Scenario B
Liquidity 101.921 111.993
Land 0341.651 8229.947

* Scenario A - exiging fertilizer prices; Scenario B — 25 % less codly fertilizer

4. Recommendations for Future Research
General Recommendations

The successful introduction of new technology requires an understanding of the
important factors underlying potentia adoption. An understanding of farmer behavior
is criticd to the adoption of new technology. It is important to understand the
socioeconomic  characteristics and behavior of farmers for whom technologies are
being developed. Among these include the resource base of farm households and the
impact of farmer behavior on technology adoption. Technology adoption is very often
a problem of portfolio dlocation, addressing questions of what will be adopted, what
will be the mix of new and old technologies, what proportions of farm resources will
be dlocated to the different technologies, etc. There are differences in resource
endowments at the farm household fevel, and it may be useful to distinguish between
high, medium and low resource categories S0 that recommendations can be made for a
broader range of producers based on levels of resource endowment. Very often, whole
farm modds are developed for the ‘average or representative famy', and it may be
difficult to use results from such models to make recommendations if levels of resource
endowment are different.

Given farm resource constraints, the levels of resource endowment will
determine what technologies are feasble and what the mix of different technologies
will be. Different soil fertility management srategies may require different levels of
mvestment in morganic fertilizers, other farm inputs, labor and implements. In addition,
there are implications in terms Of ownership and control Of livestock and access to
organic fertilizer. The Mdi modes for example use a representative fam with a land
endowment of 19 hectares. The reault is that land does not corne out as a binding
congraint. However the initid argument is tha high population pressure, togetiner with
the introduction of animd traction and near elimination Of traditionad fallow have
increased pressure on farmlands, accderating soil degradation. One would therefore



38

expect some form of land condraint. Land could be an important constraint for
hauseholds with low and medium resource endowments, and this may result in
different adoption behavior and different farm level impacts. Whether or not land is an
important condtraint could have significant implications for soil fertility management,
and this needs to corne out in any andyss of fertility management technologies.

Sir arguments hold for labor or other inputs. Dalten (1996) for example
differentiated between highly cepitdized and less cepitdized farms in southern Mdi

because ¢ less capitdized farms have only hdfthe livesock units per hectare of highly

capitalized farms. As such, their response to opportunities to intensify crop production
with organic fertilizers, derived from animd manure, is dramdicdly different than
highly capitdized farms.” It may therefore be usefil ... develop farm modds reflecting
a least three resource endowment categories, medium, low, and high. Sensitivity
analysis might do it, but experience with ‘adjusments of cropping systems to producer
price changes in eastern Gambia is that better results are obtained by looking at
different resource endowment groups. This will involve going back to the survey data
and looking at household resource lgvels to see how they vary.

The response of farmers and farm houscholds to different technologies will be
important  in  determining the relative merits of different fertility management
interventions. In addition, there is a need to be able to determine the potential
household or farm level impacts of introduced versus existing technologies. In this
regard, it is important to develop an understanding of who the potential adopters are,
what the constraints to adoption are, what potential technologies will be adopted, how
much will be adopted (i.e., mix between new and oldj, and what the implications are in
terms of resource alocation and meeting farm production objectives. It is important to
be able to determine the vaue of mitigating constraints to the adoption of specific farm
technologies and evaluate the effects of dternaive farm policies on adoption and farm
income. The Mali model evaluates techmology impacts under devalugtion, and the
results suggest thet policies thet affect the relative prices of inputs and farm output will
determine adoption and farm leved impact. Initial model results for Gambia support
these results and need to be further analysed.

Also, the modds edimaed in this pgper condder only one levd of risk
aversion, and incorporation of different levels of risk averson will give an indication of
how famers will respond to technologies under different leves of risk aversion.

Soil fertility management has important long-term considerations that are centrd to thc
sustamability of interventions. Crop rotations (like cered-legume rotations) and short
term falloffs are used to make effective use of resdua nutrients from inorganic/organic
fertilizer gpplication. The general objective of the soil fertility maintenance research
project in Gambia is to build up soil organic matter and nutrient content over time to
support sustainable production. It is therefore important that socio-economic anayses
of these trids take account of the long term sudainability of the interventions.
Following the devdopment of farm modes to evaluate potentid adoption and farm
level impact of fertility management technologies, sustainability can be evaluated using
dynamic/multi-period programming.

Specific Recommendations

For Gambia we mtend to build on the experiences of this paper and work in
Mali to develop farm production modds for three principa zones, Sahclian, Sudano
Sahelian and Sudano Guinean. These zones are the focus of current national
agricultural research efforts. Unlike Mali and Senegal, more work is needed in Gambia
on putting together data for programming work. Options include supporting modest
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fam surveys in intervention areas or adgpting data fi-om dmilar zones in other
countries of the region where this Us gpplicable. Although Gambia is not in the CFA
zone, its physicd location and volume of trade with Senega warrants a look a the
impact of some CFA zone policies like devaluation. This would allow good
comparative anadyss.
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1. Introduction

Thecontextof the Participative Rapid Rural Appraisal(PRRA)

Farmers like researchers, extension workers and firms are involved in generating,
transferring and utilizing technologies In this respect the farmers common knowledge
should be part and parcel of the dominant paradigm of the development process. We can
assume that farmers have a crucid contribution to make, or rather, are aready making a
crucid contribution by their continuous effort to adapt their farming to the changing
environment. Famers effort should be integrated in our effort of official system of
technology development process. Knowledge development and utilisstion is the key
ingredients for continuity and growth in a society. Farmers and their knowledge are
potential components of the institutional knowledge system which can or cannot be utilised
to advantage for rurd development. In this process farmer can be considered as a
knowledge manager.

This Participative Rapid Rurd Apprasd (PRRA) was done as an attempt of
capturing farmer’s research effort as a basis for InterCRSP research and/or technology
development  process. This paper summarizes the methodology and preliminary results of a
participative rapid rurd appraisa conducted in the village of Fangrakoro in Southem Mdi
Fansirakoro is located in the Zone of the Office de la Valée du Niger (OHVN). The thirty-
eight rurd agricultural production units (RPU) of Fansirakoro were surveyed and in-depth,
open-ended interviews were conducted with the heads of PUs.

2. Obijective
The main objective of this PRRA was to provide baseline information on the

farming systems found in the OI-1V zone of Kati in order to establish research priorities for
the InterCRSP NRM project.

3. Sites presentation

The OHVN Zone
The Office de Developpement de la Haute Vdlée du Niger (OHVN) is a government
agricultura development parastatd institute created in July 1983. |Its zone is divided
into six (6) administrative sectors: Kangaba, Ouelessebougou, Bancoumana,
Koulikoro, Kati and Banamba. These sectors were subdivided into thirty Zornes
d’Expansion Rurale (ZERs) and the ZERs were further subdivided into one hundred
and sixty Secteurs de Base (SB). The OHVN provides technica and extension services
to gpproximatdly nine hundred and thirty nine villages and settlements in the area.

The population of the OHV zone (533,687 persons in the last census in 1998
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comprising 265,029 males and 268,658 femdes) is predominantly rurd, deriving the
majority of revenues from agricultural activities. The population density is 16
inhabitants per Kilometer Square. The annual population growth rate varies from 3 to
3.5%). The main ethnic groups found in the area are the Madinké the Bambara, the
Sarakhollé, the Peulh and the Bozo.

The QHVN zone encompasses an area of 34,500 km® which represents 2.5% of the
Malian territory and 11% of the cultivated rainfed area. It covers the area immediatdy
surrounding the capitd city, Bamako,, and hence has access to the largest market in
Mdi. The climate varies from Sahdian (600 mm rainfall) in the northern sectors of
Banamba and North Koulikoro, to Sudano-Sahelian (1,200 mm rainfall) in the south of
Ouedessebougou, Bancoumana and Kangaba. From 1981 to 1985 rainfal was low, but
in 1986 the drought appeared to diminish and the pattern approached the 50 year
average. The mean temperature varies seasonaly from 26 to 36°C.

Arable lands in the OHVN zone represent 60% (20 820 km®) of the totd land
area and only 7% (145,700 ha) of the total arable land are cultivated. The plains
classified as Typic Ustropepts are soils of fine silt, clay materias, or sand, laying over
|ateritic hardpans. The topography of tbe region is dominated by the Mandingue
mountains in the sectors of Kati, Bancoumana, Kangaba and Koulikoro, and the Niger
river, which crosses the region fi-om Southwest to Northeast. Lands of variable
topography lay between the Niger and the mountain chains. Mountains and cliff areas
have predominantly rock outcroppings and wash areas.

The broad alluvial plains of the Niger are the agricultural heartland of the region.
Rice, millet, sorghum, vegetables, and cash crops grow in this area. Rice is dso grown in
Eowlands around the villages. In the sectors of Kangaba, Bancoumana, Ouelessebougou,
Kati and South Koulikoro, millet and sorghum are grown in gravelly sandy soils (typic
Cuirustalfs), generdly clay-silt or silt-clay mixtures. In the dominantly agropastoral sectors
of Banamba and North Koulikoro, souna milletis the principal crop. Tree crops (mangoes,
karité, etc..) are dso important throughout the region.

The road system in the OHVN Zone comprises four main axesstarting at Bamako
in the directions of Kati, Banamba, Kangaba and Ouelessebougou. In addition, the area is
served by a network of secondary roads, many of which become unfit for motor vehicles
during the rainy season. Hedth and education centers are located mainly in the larger urban
centers and the main villages in some Sectors de Base. These centers are more developed in
the Sectors of Kati and Kangaba than in Banamba, where there are rare.

The Sector of Kati, the Site of the project corresponds to the administrative
circle represents about 47% (16 100 km') of the tota area of the OHVN zone. 1t is
divided into three naturd regions, the Plateal mandingue (PM), the Plateau of Koutida
(52.38%) and the Haut Bani Niger which represent respectively 52.38%, 10.8 % and
37.45% of the area, respectively(PIRT, 1986).

The Plateau Mandingue comprises two agro-ecologica zones (PM4, PM5) which
represents respectively 19.4 % (3210 km’) and 32,98% (5310 km’ of the tota area of
the sector of Kati. PM 4 is located in the Southeast part of the Monts Madingue in the
south Soudanian zone. Arable lands cover 44% of the Monts Madingues and are located m
the valleys. Soils are quite deep and well drained. Non arable lands cover 53% of the area.
These soils are shallow and very susceptible to erosion. Rocky soils compose 3% of the
Monts Maudiiguc area.

The Wenia agro-ecological zone (PM5) is limited in the East by the Plateau of
Koutiala (PK) and the Haut Bani Niger, in the West by the Gangaran, in the South by the
Monts Mandingue and in the North by the Bélédougou. This zone is located in the South
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Soudanian zone. Arable lands cover 74% ofthe Wenia zone and non-arable lands 22%.
Fansirakoro belongs to this agro-ecological zone.

The second natural region, the Plateau de Koutiala is limited to the North by the
Niger Ddlta, to the East by the Plateau of Banfora (Burkina Faso), to the west and South-
West by the Haut Bani Niger (HBN). Rainfall varies from 650 mm to 1300 mm. Theagro-
ecologica zone of the Moyen Bani Occidenta (PK3) which concerns the sector of Kati is
located to the West of the Moyen Bani and Oriental (PK2) runs through Baguineda up to
the Bani-Bago¢ river system. Arable lands covers 53% of the total area and are dominated
by plains (41%)

The third neturd region found in the sector of Kati, the Haut Bani Niger (HBN1,
19.87% around 3200 km’ and HBN2,17.58% around Zos0 km®) is limited by the
Plateau mandingue in the Northwest, the Plateau de Koutiala in the Northeast and the Eadt,
the Plateau du Foniokourou in the South and by the border of the Country of Guinea in the
West. It is divided in four agro-ecologica zones from which two zones are part of the
sector of Kati

The Haut Bani-Niger occidental agro-ecological zone (HBN1) is located to the
South of the Monts Mandingue and the Malian-Guinea border to the West, and the Moyen
Baoule to the Eagt. The climate is of the South Soudanian type. Arable lands represents
70% of the total area of the zone. The HBN2 corresponds to the agro-ecologica zone of
Djitoumou which is located to the South of the district of Bamako. it covers the extreme
North of HBN1 and its climate is of the South Soudanian type. Arable lands represents
85% of the Dijitoumeu zone.

4, Methodology

The team before the survey conducted a literature review. [t included documents
fi-om the different technical divisons of the OHVN, annual reports, follow-up reports,
specific reports for assessments and monitoring. Discussions with resource persons
(extension staffat OHVN headquarters and in the Sectors of Kati) were also conducted.

The survey was performed with the hdp of an open-ended informal topic
guiddine a two levels village and production unit (PU). Its informal nature
contributed to the open and flexible interviews tha the multidisciplinary teams were
able to conduct with the farmers a the time of survey implementation. The outline was
developed by team members using a format from the faming systems and natura
resource Mmanagement team, and reviewed by QOHVN personnd before going to the
field. A sample topic guiddine is presented in Appendix 2.

The methodological approach used for the survey comprised three steps by
which the choice of ZER, SB, villages and PUS was made in a logical sequence. The
fird step, the choice of Fansrakoro was done during the InterCRSP preiminary survey
in the Sector of Kati in October 1997. OHVN extenson daff were pat of the
preliminary survey team. The shdlow soils and degraded land due to low soil fertility
and soil erosion characterized the Stuation of Fansrakoro compared to Torodo where
shdlow, rocky and very degraded soil was predominant

The second step comsisted of an interview with the populaion of the village
which involved mainly the village chief, several counselors, a few other dignitaries, and
availavie heads of PUs. Tie size of the group during that interview was about 40
paticipants. The interview at that levedl was supported by one section of the open-
ended topic guiddine.
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The third step included interviews with the PUs heads and were conducted using
the specific section of the open-ended topic guiddine. The choice of the PUs heads to be
interviewed was based on ther avalability. The interviews were completed by a fidd
transect of the village.

A multidisciplinary survey team conducted the PRRA. The team included six
researchers specialized in the disciplines of agricultural economics, animal science, ecology,
agronomy, soil science and gender issues. OHV extension agents and natural resource
management program officer assisted in conducting the interviews with farmers. For the
interview process, beginning With PUs, the team was split in groups of two members of
each. The survey was conducted in 6 days.

Once the survey was completed, individual reports were prepaicu following the
outline of the topic guideline. The data were dso handled by Paradox Software and
andyss was completed usng the SAS sysem. The farming systems identified were
described, and hypotheses were formulated regarding the principal constraints of the
farming systems. When possible, recommendations to alleviate or remove the
constraints were proposed. A list of these constraints and recommendations is
presented in the Results section of this report. The plan of research for the next years is
based on the identified constraints, modified by aclditiona information gathered by the
team through other activities.

5. Results

The village of Fangrakoro shares the same terroir with Fabougoula, Fansiratiani
and Fansiradjérobougou. The terroir of Fansirakoro is bordered by the village of Kobala at
3 km to the North-West, by the village of Djinidjdaa 6 km to the West, the village of Sidje
a 4 km to the South and the village of Y ékégougou a 8 km to the East. The totd area of
the village is about 225 km' (22,500 ha). Fanskoura and Fansirakoro are the two main
hamlets known under the name of Fansirakoro.

a. Population

The population in the village of Fansirakoro (570 persons) is predominantly rural,
and most revenues are derived from agricultural activities. The average labour force is
10 persons per PU. The Bambara is the only ethnic group existing in the village of
Fansirakoro. The Bambara occupy the OHV zone, the central part of the zone of Kati,
the Ouelessebougou East and Koulikoro. The primary occupation of the population in the
village is agriculture.

The village of Fandrakoro is organized in five extended families (Sirimana,
blacksmiths, Tiékourabala, Dossorola and Dionkéla). The thirty eight production units of
the village belong to these five families. The blacksmith family has 13 production units, the
sirimana family 11, Dossorola and Dionkéla families 5 each and the family of the village
chief (Tiekourabal) 4 production units. The average population per PU isabout 16 persons
comprising of 7 females and 9 males.

The population of the village is living in two man hamlets (Fansikoro and
Fansrakoura). The higory of the village started with three brothers who left the village
of Fabougoula to settle in Fansira. The village was established more than two centuries
ago. The founder of the village Samassékoro Traoré and his two brothers came from
Fabougou looking for good agricultural lands. The village used to be a cered market
for nomadic population (Maures). The production of the village gave the population
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some authority in the surrounding ared. These conditions of authority (Fama) and good
production (finsoro) gave the name of Fansira to the village

The population of Fansirekoro' is practising Idam, Christianism and Traditional
religions. Fifteen chie& have ruled the village since its establishment, which was before the
arival of colons Theactual chief is ruling the villagesince 1983. Four counselors assist the
head of the village and by the council of elders, which comprises the village chief and
representative of every extended family. The village of Fansira is organized into dlans or
large families forming what is defmed as a Production Unit (PU). All famillies live in large
farm family ynits (Pus) around a patriarchical leader and work in communal fields. The Pus
comprise on the average 2 to sx households, with an active farm population of 16
rucmbers. Individual household gize varies from 3 to 35 members.

Management decisions regarding alocation of land crop choice, use of agricultural
equipment, and distribution of production are made by the patriarch of the PU. Individuals
responsible for specific fields make decisions on the daily operationsin those fields, and are
accountable to the head of the PU.

A typical farm includes both commund and individual fields. Women, heads of
households and young active males, cultivate individual fields. WWomen produce peanuts,
rice and millet for the loca markets in these fidds. In fact, there are wide ranges of field
types used by the farm families; there are village garden plots used to produce condiments,
near-village fields bush fields, low-lying fields and flood recession fidds, if available
Management decisions on labor and other inputs to each of these type of fields derive from
a complex weighing of constramts, risks, and expected benefits.

Several communal organisations (N'fonchi, Guatchi) are available in the village of
Fansirakoro. They are traditionalin the village and mainly age sets or peer groups. They are
mainly active in agricultural and cultural activities in labor management & the village level.
Labor migration, although largely seasonal, is important enough in the village. Migrants are
often males and females between the age of 14 and 30. They travel mostly to Bamako and
Kati.

TheY ékeéhougou-Fansirakoro road is the main road that serves the village. A
network of roads serves other areas, which might be inaccessible during the rainy season
hecause of waterways and mountams. There ig a lack of formal education and the rate of
illiteracy is extremdy high. The impact of Government effort of aphabetization is not high
in  Fangrakoro.

The survey shows a widespread illiteracy in the village, which poses a problem for
agricultural and socid development. The school and market are located in Y éébougou.
The OHV is the principal gavernmental agricultural development agency operating solely in
the viige of Fandgrakoro. Several rurd development inditutions have operated in
Fansirakoro.

The Water development department eteblished an equipped well in 1987. A
rehgious NGO (Secours Catholique) also established two large wells and a milling machine.
The same NGQ helped the village establish a cereal hank, a rurd matemity clinic. a
community pharmacy but none of these is fimctionning at present.

The village of Fandrakoro has good relationships with neighbouring villages
(Djinidjan, Fabougoula) mchiding mariages and source of agriculturd labor. The village of
Fangirakoro is located on thelands of the village of Fabougoula. The chief of the village of
Fabougou!: is the owner of the lands. Hwever, there is no probl~ with regards te +he
land use nights even though land rights belong to Fabougoula. Soils in Fansirakoro
comprise low-land soils (very low potential), very degraded, rocky soils (upland soils)
which are dominant and plain soils.
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Upland soils can be cultivated for 6 years. After that period striga appears and
yidds of crops may decline. Fallow can take 15 to 20 years before the fertility can be
restored. The growth of trees (Terminalia sp., Combretum sp., €tC..) and the presence of
some gramineous species (Andropogon sp.) are good indicators for fertility replenishment
for farmers.

Gravellous soils (lateritic, Typic Cuirustalfs) can be cultivated for 4 to 5 years. They
requue 15 to 20 years for fertility r¢plenishment. Farmers report that the production
potential of these soils is lower than that of upland rocky soils (Aeric Tropaguepts). Run-
off is amagjor constraint of production for these soilsin addition to striga. The advantage of
farming these soils is the possibility of using equipment, which can be difficult when those
are many siones are .

In contrast plain soils (Typic Ustropepts) can be cultivated continuously when
fertilization is available They dso allow the use of equipment (plough, carts, etc.). The
length of cultivation for these soils is at least ten years. The time required for fertility
restoration is also lower (3 to 4 years). Weeds can be a problem but planting earlier in the
cropping season helpsto dleviate this constraint. The mgor constraint with respect to plain
s0ils is the very limited area they comprise in Fansirakoro.

Some lands cannot be farmed where anima are herded, grazed or watered. Fallow
lands and areas not cultivated are used as rangelands. Planting Of trees required an
agreement from the land owner's. Women get land from their husbands. The women utilize
trees like Néré (Parkia biglobosa), shea butter (Vitellaria paradoxa) and baobab
(Adansonia digitata). Youngsters use mainly the fruits of Zizyphus mauritiana.

The use of wild fruits is also regulated. Néré (Parkia diglobosa) and Tamain
(Tamarindus indica) belong to owner of the cultivated field. But when these trees are
located in the fallow land, their harvesting is not regulated and population from the three
villages can use them The harvesting of shea butter (Vitellaria paradoxa) is free. The
cutting ofthese trees is forbidden because ofthe valuable multipurpose uses.

b. Farming systems

Land tenure system in Fansirakoro is typically complex. On the one hand there is a
kind of egalitarian access to land for all families; on the other hand there is the historical
redity of founding families maintaining a hold on more land over generations. The
introduction of cash crop (cotton, tomato and tobacco), the use of animal traction (which
requires complete clearing for best efficiency) and the degradation of land under population
pressure have aggravated this Situation.

Land cannot be sold in Fansuakdro It can acquired through patrimonia linkages or
through loans. The village chief hasthe power to settle dl land tenure disputes. All wllagers
have the right to a parcel of land to ‘support their family, but the overdl land use is
determined by the village chief and by village tradition. An outsider fi-om a neighboring
village can gain temporary accessto land by aloan fi-om afarmer with surplus land or by a
grant fi-om the village chief. However, he cannot plant fruit trees.

Land has important economic and meterid value due to its capacity tO sustain life.
It has also a sacred character due to it procreative powers; the ancestors are thought to
have made an dliance with the sacred spirits to obtain permission for its use. Specifically,
clearing land for agricuhure is «~en os a sort of sactilege. Farmers are rehxtant to chand on
poor agricultural lands. Only 5% of farmers in Fansirakoro are food self-sufficient for the
last five years. However, they stated that, they would not leave even if given land in another
sector or zone. They're felt that they should remain to guard their spirits and tombs.
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No individual can claim to own land. The user is only a temporary trustes; land
belongs to the past, present and future kinship group, and forms part of the group
patrimony or heritage. In Fansirakoro, the extended family owns a piece of land as a
collective proprietor. The head of the production unit can distribute parcels to individud
family members. Departures from this general model can exist. For example, land near
villages which is deared and manured is too vauable to dlot to a another family; this is
equally true for flood recession land, land near irrigation water, and other valable land.
Once a family has obtained access to land, the rights can be handed down to succeeding
generations, Farmers who want additiond land can request it from the village chief or
others families. Forceful appropriation ofland is strongly resisted.

Farmers in Fansirakoro are bringing more and more land into cultivation, mainly
increase with shallow soils and in erosion sensitive upper parts of the catena. From 1996 to
1998, 2.4% more land was brought under cultivation. However, shifting cultivation is being
replaced by continuous cultivation; fallow land that was traditionnaly used to build up soil
fertility is becoming rare. The duration of falow hasshortened drastically from 20 yearsto
4 years. Many households cannot rely anymore on fallow to build soil fertility.

Farmers in Fansirakoro complained about thelack of fertile lands. As aresult, they
prefer to cultivate the surroundings Stf:ep dopes (ranging from 10 to 15%), claiming
additiond advantages of diminished weéd invasion in these fidds. The availability of land
for cultivation is a mgor constraint in the village of Fandrakoro and the practice of
fallowing is not usua in Fansirakoro because of the scarcity of land.

Mixed farming systems involving cropping and livestock tending associated with
off-farm activities are dominant in Fangrakoro. The village of Fansirakoro is essentially
agricultural; food and cash crop productions constitute the mgor activity of people. Cereal
grans, sorghum, millet, maize, rice are tﬁe main food crops. Cotton, tobacco and tomatoes
and to a lesser extent peanut are the main cash crops. Cowpess, land peas (Voand-ea
subterranea), cucumber, O1ioNS, potatoes, cabbage and lettuce are aso cultivated.

Food crops concem 72.3 % of cultivated land in Fansirakoro and the average food
crop area per PU is 3.70 ha. Sorghum is the man staple crop because of the cultivated area
and production. It ismainly cultivated in association with cowpess or with millet. The area
cultivated in sorghum and millet represented 47.9 % of cultivated area in 1998. Loca
varieties such as Keniké, folaba, drongo and Kedé are mainly used. Only 20% of farmers
are using improved seeds of sorghum. Fertilizers (organic or minerd) are not used on
sorghum. Few farmers practice animal traction (mainly ploughing). The low use of animd
traction might be explained by the predominance of rocky, shalow soils. Line seeding is
used by 40% of farmers and stock management and conservation are not practiced at all
Maize, the main food crop after sorghum, is cultivated on compound fields around the
village. Maize represented 14.33% of |cultivated land in 1998. The improved variety
Tiémantié of Zamblara is mostly used. Maize in compound fields receives farmyard manure
(household waste and animd feces, etc.). Composting and/or manure production are not
usual.

Millet is the third food crop. Rice and fonio (Digitaria sp) are secondary crops used
to support the main crops. The variety Pogona with red seeds is the main variety of fonio
found in Fansirakoro. Rice is cultivated in lowlands and maily by women. Cowpea s the
most important legume crop because o‘tf the cultivated area and production level It is
cultivated with 1ond poac as @ single crep or very small fidlds Pearut and Gombo (Hibiscus
esculentus) are the main crops cultivated by women.

Only men cultivate cotton. Cash crops represent 27.6 % of the cultivated land of
Fansira and the average cash crop area per PU is 1.70 ha. They include cotton, tomatoes
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and tobacco. Cotton represented 27.6 % of cultivated land in 1998. Improved technologies
like improved seeds, ploughing, line broadcasting (spreading seed by hand), weeding,
mineral and organic fertilization are applied mainly on cotton. Tobacco cropping by both
men and women isdone during the dry season around the Sidjeko river located 15 km from
Fansirakoro. Women help also in the family crops for planting, harvesting and transporting,

Cropyxeldsmtheamareve:ylpwfurdry]andﬁmmgcrop& They are estimated
at 6 to 800 kg/ha for sorghum, 900 kg/ha for maize in compounds fields, 200 kg/ha for
millet (mainly associsted with sorghum), 50 to 200 kg/ha for cowpeas, 100 kg/ha for land
peas (voandzou). Farmers are aware of the declining yields of their rainfed crops They
estimated the rate of decline of yields atl 100% per year (ie. 2 tons, 1 tonne, 500 kg per
year). In contrast, they advocate that ylélds of tomatoes have been increased because of
improved techniques. Crop rotations in the area are sorghum - millet, cotton-sorghum,
peanut-millet, sorghum-peanut-millet-sor;

The use of inputs (mineral fertilizer, manure) is very limited because of the price of
fertilizers and the low level of availability oforganic fertilizers. Mineral fertilizers are used
for the cotton, maize, tomate and tobacco. Manure is used mam]y on the compound fields
farmed in maize. Only a third ofthese areas might receive organic fertilizers. The practice of
meking of compost does not exist in Fansirakoro. Household wastes are stacked and
brought in the fields. Manure ismainly dry feces Of ruminants and the free roaming of these
animals in the dry season reduces its manure availability.

Practices of water management existing in Fansirakoro iuclude stones lines, physical
barriers iN waterways, fascines, and planting trees, €ic.. Stone lines are applied by many
farmers in Fansirakoro even ifthey are not properly designed and plot size are very small
Severa gpecies of trees have been used in Fansrakoro for planting. They include
Azadiracta indica (neem), Eucalyptus sp., Acacia albida, (balazan), Prosopis juliflora,
Kaya senegalensis {cailcedrat) and Jazropha curcas (‘ourghére). Poughére is mostly used
for planting on stene lines.

Livestock is quite important in Fansirakoro. 67% of Production Unit (PU) are
involved in ivestock tending activities. Ruminants (cattle, sheep and goats) are dominant in
the livestock system. Cattle, sheep and gmats represents respectively 38.6, 36,6 and 28.6 %
of domesticated animals, respective@ oxen are numerous and are 34.88% of the total
number ofbeefcattle. Goats represent 57,8 % of small ruminants The mumber of sheep and
goats are increasing in the village but cattle are decreasing because of robbery and sdes
Farmers tend to invest in animd (cattle, sheep and goats). They hire outsider herders to
tend these animals. The herder is paid a/ fee and given rights to some of the milk of the
cows. Herd management and health care is the responsibility of the herder. Donkeys and
chicken are also raised in the village. Interactions between crops and livestock are of several
forms.

Complementary relationships are essentially related to forage (crop residues) for
animals and manure for crops. Animals constitite an asset, which can be used to reduce the
impact of crop failure and investment risks. Draught animals are used for cropping and
trangportation. Important by-products, such as manure, are also considered. Conflicts have
developped as population pressure increases causing competition for land use for cropping
and hivestock.

Agricultural credit in the village of Fansirakoro is provided by OHVN, the main
extenson ir*ttion operating in th~ atea. OHVN credit system | S related (o cotto.,
production. At village level, the credit is handled by the ton villageois. It is thought that
socid pressures would be used on delinquent members Who defaulted. Farmers said that
socid pressures would force these individual to pay. They reasoned that village elders knew
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each individua ‘s capacity for repaymert better than any outsider, and that credit would in
this way be extended only to individuals who have demonstrated capacity to manage loans.

Credit is given in the form of farm equipment (plough, seeders, €tc) and inputs such
as fertilizers and pesticides, which are dsuauy promised & the beginning of the cropping
season. It is associated usudly with cash | crop production. In 1997-98 Fansirakoro received
sixty bags of mineral fertilizers (20 of ulrea, 40 of mixed fertilizers) for cotton production.
Agricultural credit was higher for the year 1998-1999 and concemed 316 bags of mixed
fertilizers, 85 bags of urea and 320 liters of insecticide. The village also received 8 oxen, a
cart and 5 ULV. The amount of credit fi-om OHVN has been increasing since 1994.
According to the population the village uses minerd fertilizers for vegetable production (3
to § bags per agricuural producu.u unit).

Natural resource management technological packages recommended by OHVN
concern water management (stone lines ‘and tree planting), improved fallow, living fences,
improved corrals and improved organic q:atter production. The adoption of these improved
technological packages by farmers is ot veery high. For example only 6.4% of PU in
Fansirakoro used living fences. These figures are 5%, 8% and 13.3% respectively for
improved fallow, composting and improved corrds Physcd methods for water
management or soil conservation are getting SOme interest among farmers in Fansirakoro.
Stone lines are used by about 32% of farmers.

Diets in Fansirakoro are based on sorghum and/or millet with peanut sauce and
when available meat and fish as source of proteins. Com and rice are included to a limited
extent in the diet of fam families. Com is considered a graden crop and is frequently
consumed fresh during the rainy season becaJse of it is harvested earlier than other crops.
The population of Fansirakoro assumed [that in the last decade very few Of farm families
were food self-sufficient (only 5,6%). During years of good rainfal lke in 1997-98, that
figure can reach 50%. This meant that eVen in goods years 50 % of the population cannot
provide their own food considering all sources.

¢. Evolution of natural resources

Farmers recognized that the statq of naturd resources in Fansirakoro is changing.
For example yields of crops on gravellous soils (shallow soils over laterite —Typic
Cuirustalfs) have decreased drastically. This decreasing of yields are related to:

diminishing rainfall,

- lack of moigure;

- reduction of the density of trees

= reduction Of organic matter in thp soil;

- and increased run-off

Rice was cultivated on the plains, but today farming of millet on these soils is a
problem. Maize was cultivated on rocky upland soils; this is not the case today and maize is
cropped only on compound plots. Many trees and grasses have disapearred or have become
less in number on the landscape. Trees ﬂlat are disapearing are Oxynanthera abyssinica,
Prosopis africana, Cordila pinnata, Burkea afvicana, Kaya senegalensis, Pterocarpus
erinaceus, Annona senegalensis, and = Afzelia africana. Crasses like Cymbopogon
giganteus, Loudetia sp. and Hyppathenia sp. have also disappeared..

Farmers noticed that some grasses mamlv weeds like Digitaria sp., strigr sp,
Pennisetum pedicellatum, Loudetia sp., Andropogon pseudapricus, etc.) are becommg
dominant. Trees species that increased in number are Bauhinia sp., Terminalia sp., Acacia
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macrostachias, Dicrostachys glomerata, and Detarium micricarpum. Causes for the
evolution of natura resources as related t(}/ farmers are:

- aidity of dimate;

- dimmishing ramfall;

- uncontrolled cutting of trees by herders;

- cutting oftrees by farmers for charcoa and firewood,

« controlled cutting of trees for qultivation;

- and demographic pressure.

The causes of the degraded state of the naturd resources are interrelated and can be
illastrated by a problem tree. Farmers 1h Fansirakoro are resource poor and they have a
deficit in cered production. The interaction vetween population growth and the need of
cultivated lands to meet subsistence requirements |eads to the reduction of fallow periods in
Fansira below levels necessary to tain SOil quality. Cultivation is expanding onto
margind soils that more fragile and degraded rapidly. Growing markets for farm
commodities as well as for consumer goods are putting more pressure on the villages
natural  resources.

Most of the total farm household mcome cornes from non-trop sources. Research on
adoption and diffusion of farm technologies has revedled that criteria like cash flow, food
security, labor burden and socid acceptance play a role in the acceptability of new
technologies, in addition to immediate economic and/or net present value of firture benefits.
Tbe lack of capitd limit the potentia of @rmers to participate in yield stabilizing or yied
improving technologies. Tree cuiting f or firewood and charcod is also common among
villager to generate some cash. Tomato and tobacco are the main cash crops, in addition to
cotton. However, the lack of water sources for tobacco and tomato and the know-how
needed for cotton cropping limit the potential of these crops for income generation. Natural
resource degradation like decreased soil'fertility, soil erosion and excessive runoff of water
are likely to exacerbate this Situation (Figure 1). Manuring can contribute t0 sustainable
production increases on the dluvid and acidic soils, which have low buffering capacity, in
that it increeses the soil buffering capacity, and thereby leads to better nutrient use
efficiency. However, the lack of adequate livestock husbandry limits the manure supply.
Likewise, the lack of carts for transportation of manure to distant fields in the bush land is
also a constraint.

The main agricultural production ¢{|nstraints according to farmers are related to soil
and water conservation and man t. Ramfall has diminished drastically and it is not
regular in space and time. Run-off has also become important in the landscape, so has the
leaching of mineral from organic matter. Water infiltration in the soil is very low. Soil loss
through erosion is alarming with gullies. Vegetation cover is also very poor in thearea.

Farmers maintained also that the ‘fertlhty of soil is very low. They were informed on
improved technologies for organic matter production (compost and manure), but these
packages are seldom applied. Reasons for the low level of adopting extenson packages
stated by farmers are given for food crops (Table 1) and cash crops (Table 2). The lack of
information and nsufficient eguipment jre important as constraints, Roaming of animals
during the dry season is the common pra#ﬁce in Fansirakoro because of 1ack of forages and
drinking water. Also, young males are not available for tending herds because they move to
other villages for tobacco cropping. fhe lack of equipment for compost or manure
handling (carts, dor:ke; 5, €C) is also a ¢onstraint.
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Table 1. Constraints for Using Some l%od Crop Technologies

Technology and reasons of adoption Reasons for not adopting Farmers’ current practices
: Py -65 % lack information about organic | Collecting household waste
LUse ot organic fertilizers . .
Use of ¢ fertilizers fercltizer on
-?072/0 lack of a mean of transportation
-25 Y% Access t0 fields On mountains IS
very difficult
Usie of mineral fertilzers -50% hig,h cost of fertilizers Cotton cropping as a mean to
-5 % Soils are poor -10% can’t grow cotton get access to mineral fertilizers
- required for for optimum production
—‘M(—), .. . irformation)
- 15% allows varieties to close their 1
eyl eo earliness estoe -30% disease prone because of the lack
So 1 . of resistance
-109
10 % High production - bad food quality
Line seeding 40 %-40% optimum density for -50% landscape is a problem Line seedit
high production -30 ‘/o lack of equipment
1
. . i - . D - ln
Stock_preservation 100% lack of information Pmservatm of ha:m‘
T ~chemical products unavailable stacks, panicles and spikes
 Stock management ~80% advertised method does not seem | Traditional managernent
T ’ to be appropriate for us
-50% high costs

Organic fertilizers like manqu, household wastes are not used in Fansirakoro

ether for food or cash crops. C

draints according to famers are the lack of

information, the lack of equipment 'for manure trangportation and the reief of the
landscape in and around the village. Farmers are aware of advantages of using yields
increasing or yield stabilizing technologies. For example, many are not using chemical
fertilizers because they are not cottm} growers, Cotton growing is becoming a current
drategy in Fansirakoro to get access to iuorganic fertilizer and other inputs.




51
Table 2:Contraints for Using some Cash Crop Technologies
Reasons of adoption Reasons for not adopting, Farmers” current practices
Organic fertilizers Organic fertilizer 100 % Collecting household waste
-G5 % lack of information on
. ic fertili
-30 % lack of transportation equipment
-25 % Access to hilly fields difficult
Mineral fertilizers Usi i fertili
- 40 % poor soils 10% not cotton growers
~ requuired for higher production
Line seeding Line seeding 60 % Use of cord
- 40% rational use of cultivated area -60% lack of equipment (seeder)
- increasing plant density
-allow the use of other animal traction
equipment
Herbicide Herbicide Herbicide
-100% Costs too high
Pests and disease control 90 % Traitement phytosanitaire Use of chemical products
-90% High frequency dplant pest and | -10% not cotton growers
disease
-required for high level of production

6. Recommendation Domains

A recommendation domain is |information that farmers can use to improve or to
maintain the productivity of their resources and or their farming systems. Depending on
constraimt potentials and constraint<dr.adopting specific technologies, and fat-mers needs
(recycling of organic matter by composting or manure production, €tc..), PUs in Fansirakoro
can be categorized in two recomrnendaton domains based on farmers circumstances and
problems and practices. Recommendation domains are not necessarily the same for ah
technologies that are developed. Different recommendation domains may be desirable for
different problems and related solutions. In the process of on-farm research,
recommendations can get redefined afte: the preliminary diagnosis.

The needs for interventions identified by farmers are:

. improving water and soil management (Stone lines, small dams, etc..);

~ mtensifying the production of organic matter (compost, improved corrals);

. remforcing complementary relatiomships between cropping and livestock  systems
(forage relationship, manure releionship, etc..);

~ Oeveloping and implementing a coramunitybaﬂsed natural resource management
drategy a village level,

Stone lines have been introduced in Fansrakoro in 1994 on a commumity basis. The
lack of labor resources at farm level during the dry season because of labor migration for
survival has been a handicap for the continuity of this action. Uncontrolled use of vegetation
by the population of Fandrakoro and neighbouring villages (Fansirakoro and Fabougoula)
remams a big, concem for the preservation of matural resources because of poverty.
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Recommendation domain 1
This groups which represents| 30% of farmers (PUS) in Fansirakoro. Resources
available are important labor force, the availability of equipment for animd traction and that
of of cattle (> 5 head) in addition to oxen, goats and sheep. Because Of its resources, the
group can adopt yield improving and yield stabilizing technologies like:
¢ improving organic matter production and management;
¢ utilizing improved for increasing food crop production;
e divesfication ofcropping systems and/or farming systems;
mtegrating forage crop productien and improving livestock production;
improving the management of cropping -vstems;
soil and water management technologies.

* o @

Recommendation domain 2
This group comprises 70 % of farmers. Resources are very limited for this group.

However, this group can use yidd stabilizmg and even yield improving technologies. Very
evident results might require reversing the aversion of this group to adopting improved
technologies. The labor force available for this group is very low, and most of the time,
eguipment is lacking or incomplete. Livestock available are small ruminants and courtyard
chicken. Potential technologies the gro p can use are the following:

Food crops diversification;
o  Utilizing improved seeds;
-~ Recycling organic matter through cL)mposung,
~ hnproved cropping systems management practices;
o Improved crop/livestock interaction through small ruminants;
¢ Intensifying vegetable crop produoﬂ;’on if water is available.

7. Conclusion |

Farmers in Fansirakoro are resource poor and farmers’ actual practices are likely to
mcrease costs per unit of production because of the continued degradation of the natural
resource base (land) and by the extension of cultivation ontO marginal soils. The immediate
priority should placed onlow-cost runoff management systems that are well adapted to the
Stuation of Fandrakoro. Participative technology adaptation should concem conserving the
Land, increasing Yyield and/or stabilizing yield.
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THEME 2 : SOIL AND WATER
CONSERVATION
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Impro-ving Food Crop Production in Subsistence Farming

System in Fansirakoro and N'tétoukoro
A. H Berthe, SF. Traoré', B. Traoré', C.D. Kamissoko', B. Guindo', R.A. Kablan® and
RS. Yost’

I ESPGRN/S a, BP 9030, Bamako, Mali
2 University ofHawaii, 1910 East West Road, Honolulu, HI 96822

1. Justification

This consists of comparing the|effect of mixed fertilizers as extender of manure
with the farmers’ practices without fertilization or only manure. The assumption was
thet the physical combination of mixed fertilizer with manure will teke advantage of the
physical praperties of the manure in| providing an environment conducive for root

growth.

2. Objectives

- to compare effects of combining mixed fertilizers with manure (T3), manure only (T2)
and without fertilizers (T1) on yields of sorghum;

» to evaluaite the economic performance of the three management nutrients systems.

3. Methodology |

The test was conducted in two Villages (Fansirakoro and N'tétoukoro) with 10
fiamers in each Site.
It consist of the fallowing:
- control (no fertilization)
- 3 tonsof farmyard manure
3 tons + NPK mixed together (25% equivalent applied manure).

4. Results
Data used in the analysis concemed one Village (N’tétoukoro) and five (5) out of

seven (7) who performed the test correctly. Two timers (farmers number 2 and 6) have

been diminated because Of inaccurate data.

The variables used in the analysis are the following (Table 1 ):

- Vaidble 1: (NPOQ) number ofpoquets (planting hill) per hectare (ha)

- Varigble2: (NPLT) number ofplant

- Vaiable3: (NEPI) number ofpanicles, kg/ha

« Vaiadle4: (PEPI)  panicle weight, k.

- Vaiable 5. (PGRA) grain weight, k

- Vaidble 6: (GREP) Rétio grain/panicle
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Annex

List of observations

N° Farmers Treat NPOQ NELT NEP! PEPI PGRA
1 1 13600 24267 21733 1581 1247
1 2 12133 22533 22000 2011 1468
! 3 12133 28133 25467 2373 1627

¥ 2 1 19467 39067 39067 2789 2245

* 2 2 26133 65733 2761 2024

* 2 3 19333 38800 2547 2027
3 ! 20667 50133 2365 1821
3 2 21733 45200 2355 1824
3 3 24133 47600 2645 2075
4 ! 23467 47600 1211 900
4 2 22400 56000 884 631
4 3 24667 52533 170s 1272
5 1 18533 29067 912 784
5 2 22133 47600 987 853
5 3 18667 41467 1187 819

* 6 1 13467 23333 1425 995

¥ 6 2 13333 25867 1223 787

* 6 3 13067 23200 1019 768
7 ! 20533 42933 1312 1003
7 2 21600 35600 987 736
7 3 22933 50400 2373 1755

Intial analysis from theseven farmers ﬁ#lds (farms were replications)

NPOQ NPLT | NEPI PEPT PGRA
Control (T1)
average 18533 42000 36266 11656 1284
STD 3736 15292 11571 672 543
cv% 20 36 31 40 42
maximum 23466 68133 50133 2789 2245
minmum 13466 24266 21733 912 784
Manure (T2)
moyenne 19923 48400 |[42571 1600 1188
écart-type 5160 18468 [15810 763 572
CV% 25 38 37 47 48
maximum 26133 67066  |65733 2761 2024
minimum 12133 22533  [22000 884 630
Manure + fertilizers (T3)
moyenne 19276 454094 39923 197s 1477
écart-type 5098 16135| 11690 670 538
CV% 26 35 29 ekl 36
maximum 24666 6986¢ 52533 2645 2074
minmum 12133 23333 23200 1018 768

GREP
0.79
0.73
0.69
0.80
0.73
0.80
0.77
0.77
0.78
0.74
0.71
0.74
0.86
0.86
0.69
070
0.64
0.75
0.76
0.75
0.74

GREP

0.78
0.05
6.52
0.86
0.70

0.74
0.07
9.01
0.86
0.64

0.74
0.04
5.71
0.80
0.69
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**xxx* ANALYSE DE VARIANCE *#**
DONNEES DE5PAYSANS

ANALYSEDE1LA 1re VARIABLE : Nbre poquets/ha (NPOQ)

INTERACTION TRATTEMENTS*BLOCS

SCE test de TUKEY =%A4747698.00 PROBA = 0.1583

ANALYSE DE VARIANCE
S.C.E. DDL CARRES MOYENS TESTF ° ORA E.T. C.V.
VAR TOTALE 9524471707200 1 4 *7479790_00
VAR FACTEUR | 3301952.00 2 165%0%6.00 0.72 0.5172
VAR-BLOCS %223182256.00 4 5 79/%564.00 24.48 0.0002
VAR RESIDUELLE 1 %18232864.00 8 2279108.00 %1509.67 7.6 %

TABLEAU DES MOYENNES

MOYENNE GENERALE = 19955.56

MOYENNESFACTEUR1 = FERTILISATIO

MOYENNESBLOCS =PAYSAN

Fooo: 1(T1) 2(T2) 3(T3)
19360.00 20000.00 20506.67 ’

F2: 1(P1) 2(P2) 3(P3) 4(Ph, S(tf)
12622.22 22177.78 23511.11 19777.78 21688.89
ANALYSE DE LA 2e VARIABLE : Nbre plts/ha (NPLT)
|

INTERACTION TRAITEMENTS*BLOCS

SCE test de TUKEY =%578518.31 PROBA = (18851

ANALYSEDEVARIANCE

| —

S.C.E. DDL CARRES MOYENS TESTF PROBA E.T. C.V.

VAR TOTALE %3193808600.00 14 292819184.00
VAR-FACTEUR] %53079552.00 2 2 776.00 1.07 0.3886

VAR.BLOCS %2942585100.00 4 735646270.00 29.70 0.0001
VAR.RESIDUELLE 1 %198144000.00 8 24768000.00 %4976.75 10.2%
TABLFAUDEISMOYENNFS

MOYENNE GENERALE = 48604.44

MOYENNES FACTEUR 1 =FERTILISATION

F1:. 1) 2(T2) 3(T3)
46133.34 48986.66 50693.33
MOYENNESBLOCS =PAYSAN

F2: 1 PD 2(P2) 3(®3) 4(P4 5(1115)
24977.78 54888.89 68088.88 48311.1) 46755.56

ANALYSE DE LA 3e VARIABLE : Nbre épis/ha i(NEPI)

INTERACTION TRAITEMENTS*BLOCS

SCE test de TUKEY =%1057751.00 PROBA= 0.8686
ANALYSEDEVARIANCE
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S.C.E. DDL CARRES MO S TESTF PROBA E.T. C.V.
VAR.TOTALE %1827116930.00 14 130508352.00
VARFACTEUR 1 %68098304.00 2 34049152.00 0.99 0.4161

VAR BLOCS %1482820610.00 4 370705150.00 10.74 0.0030
VAR-RESIDUELLE 1%276198020.00 8 34524752.00 %35875.78 14.3%
TABLEAU DES MOYENNES

MOYENNE GENERALE = 41022.22

MOYENNESFACTEUR 1 = FERTILISATION

FI: I(T) 2T 3(T3)
38293.33 41280.00 43493.: ,
MOYENNES BLOCS =PAYSAN

F 2 o, 1(PI)2(P2).3(P3) 4(P4) 5(PS5
23066.67 47644.44 52044.44 39377.78 42977.78

ANALYSE DE LA 4e VARIABLE : Pds épis kg/ha (PEPI)

INTERACTION TRAITEMENTS*BLOCS

SCE testdeTUKEY =8143.95 PROBA = 0.7642
ANALYSE DE VARIANCE

S.C.E. DDL CARRES MOYENS TESTF PROBA E.T. C.V.

VARTOTALE 5715564.00 14 408254.56

VAR-FACTEUR1 1190281.00 2  59514(.50 7.74 0.0137
VAR.BLOCS 3910471.50 4 977617.88 12.72 0.0018
VARRESIDUELLE 1 614811.50 8  7685[.44 277.22 16.7%
TABLEAUDESMOYENNES

MOYENNEGENERALE=  1650.38

MOYENNESFACTEUR1 = FERTILISATION

Fl: 1T 2(T2) 3(T3)
1476.27 1444.53 2057.33
MOYENNES BLOCS =PAYSAN

F2: 1(Pl) 2(P2) 3(P3) 4(P4 5(PY)
1988.44 2455.11 1267.56 1028.44 155733
tast de NEWMAN-KEULS - seuil = 5%

FACTEUR 1 :FERTILISATION
NOMBREDEMOYENNES 2 3
VALEURSDESPPAS 404.70 500.47

F1 LIBELLES MOYENNES GROUPES HOMOGENES
3T3 2057.33 A
1Tt 1476.27 B
2 T2 144453 B
ANALYSE DE LA 5e VARIABLE : Pds grain kg/ha |(PGRA)

INTERACTION TRAITEMENTS*BLOCS |

SCE test de TUKEY = 1186.81 PROBA= 0.8825
ANALYSEDEVARIANCE

S.C.E. DDL CARRES MO S TESTF PROBA E.T. C.V.
VARTGTALE 3172283.20 14 226591.66
VARFACTEUR 1 494001.00 2  247000,50 5.08 0.0376
VAR.BLOCS 2289175.80 4 572293.9 11.77 0.0023




VARRESIDUELLE 1 389106.50 8  48¢
TABLEAU DES MOYENNES

MOYENNE GENERALE = 1254.22
MOYENNES FACTEUR 1 = FERTILISATIO!
Fi: 10D 2(T2) 3(D3)

1150.93 110240 1509.33
MOYENNES BLOCS =PAYSAN

F 2
1447.11 1906.67 934.22 818.67 1164,

test de NEWMAN-KEULS - seuil = 5%

FACIEUR 1 : FERTILISATION

NOMBRE DE MOYENNES 23
VALEURSDESPPAS 321.96 398.15

F1 LIBELLES MOYENNES GROUPES HOM
3IT3 150933 A

I Tl 1150.93 B

2 T2 1102.40 B

1(P1) 2(F2) 3(3) 4(P4) 5(PS)
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383 220.54 17.6%

H4

JOGENES

ANALYSE DE LA 6e VARIABLE : Rapport gra/é

INTERACTION TRAITEMENTS*BLOCS

SCEtestde TUKEY= 0.00 PROBA= 0.189;

ANALYSE DE VARIANCE

S.C.E. DDL CARRES MOM
VAR TOTALE 0.04 14 0.00
VAR.FACTEUR 1 0.01 2 0.00
VAR BLOCS 0.01 4 0.00
VAR RESIDUELLE 1 0.02 8 0.0
TABLEAU DES MOYENNES
MOYENNE GENERALE= 076

= FERTILISATION

MOYENNES FACTEUR 1

FI: 1T 2(T2) 3(M)
0.79 0.77 0.73
MOYENNESBLOCS

FORFREIRIY

F

=PAYSAN

2

0.73 078 0.73 080 075

1(P1) 2(P2) 3(P3) 4(P4) 5(P}

i (GREP)

NS TESTF PROBA E.T. €V

1.83 0.2217
1.2.3 0.3695
0.05 6.2%

5)
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Effect of Manure and P-Source Fertilizer on the Optimization
of Soil Water and Nmtrient Use For the Main Cropping

System in Senegal Peanut Basin
. Diack, and A. Badiane

SRA, senega

Abstract

A four-year nationd programme is underway to boost the food and cash crop
production. P and Ca soil anendment using natural resources based materials is one of
the strategies defined. A network of randomized complete block design experiments
was installed within each of the three main cropping systems in the Senegd Peanut
Basin. The trestments consist of phogphogypsum and phosphate rock mix, and manure,
used separately or combined in order to invedtigate the optimization tbe crop water
and nutrient use. The monitoring deal with soil fertility change, crop water and nutrient
water balance, and yield components. For the experiment instdled a Nioro Research
Station in 1997 within the peanut/corn cropping system, the important Ca movement
observed within the profile is srongly related to the amount of Ca added for each
trestment. Deep water percolation is also observed despite the moderate amont of the
annual rainfall, and regardless of the treatment. Corn and peanut yields obtained are
low. The treatments were not significantly different.

1. Introduction

In the Senegd peanut basin, fallow practices have almost disappeared from the
famer’'s land use system. This situation is drongly related to the introduction of
peanut as a cash crop, but aso results from an increased demand for food crops by an
increasing population. The higb pressure on the naurdly fragile soils combined with
the drought problem observed during the last 30 years is detrimenta to the annual and
perennial vegetation cover. Therefore, through soil organic matter loss and
acidification due to continuous cropping and/or grazing, the food production system
has lost its resilience. In most farmer's field, the degradation of soil water
characterigics favors an important deep water percolation beyond the rooting depth.
even under moderate rainfall conditions. This aso increases nutrient lesching risks.
Manure applications and plowing are very efficient in reducing the water and nutrients
loss through deep percolation by promoting a rapid crop root growth (Cisse, 1986).

Many studies have confirmed the eficiency of naturad rock phosphete (RP) amendment
a an application rate of 400 to 500 kg/ha every 4 to 5 years to correct soil P
deficiencies. On soil with low pH, the agronomic efficiency of the rock phosphate
ranges from 82 to 91 % compared with triple super phosphate (Bétiono et al, 1990).
This vaue depends on the chemical characteristics of the rock phosphate mines for
which comparison results of the study are available and soils to which it is gpplied
(Ndiaye, 1978 ; Cissé, 1980).
However, for phosphogypsum (PG) or the combination of RP and PG now being used
in Senegd in the netiond 4-year program, there is little information in terms of
agronomic vaue or soil P and Ca dment effidency. The on-going experimentation
comparing those two mineral compounds is set to focus on that aspect. Assuming a
postive effect of the combination of RP and PG, the objective of this study is to
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analyze the main cropping systems for the efficiency of applying combined P source
materid and manure to a degraded soil to optimii water and nutrient plant uptake in
order to attain a sustainable crop production increase.

2. Materials and methods i
a. Experimental Sites

The sites were sdected according | the exising main cropping systems. Within the
Peanut Basin, the improvement of food secmity can be achieved in three cropping
systems. In the northern pat of this groecological zone, peanut followed by millet is
the predominant if not the unique cr p rotation, whereas in the southem part, peanut
followed by com is a common practice. In the low lands of the Latter zone, continuous
rice is practiced.

One dte for along term experiment was selected in each of these representative crop
sysdems one dSte for peanut/millet rotation a Ouadior (Gossas Depatment) in the
north, two Stes for peanut/com rotation in Nioro area (one a the ISRA Research
Station and one on-farm field near the station), and one Site for continuous rice in the
Koutango valley (west part of the Niol 0 Department).

All the sdlected Sites under the uplan 4 conditions are continuously cropped fieds with
degraded soil fertility status, as iltustrated by Nioro soil analyses data (Table I).

Table 1: Soil physicd and chemicd ch’raracteristics (O-10 cm). Nioro

pHkCl| Clay+ Band Total C CF/N Ca | T 8/T *100 TotalP| POlsen
Silt
% % % % | meq/100g A (ppm)
4.9 79 |922| 25 | 92 | 06 |16 | 645 0.2 28.5

b/Treatments

The five trestments compared are shojwn in Table 2.For cropping systems where com
or rice are involved, plowing is performed when implementing the treatment, including
the control. In fact, these two crops require deep tillage in order to express their
potential. For the peanut/millet system, only a shalow hoeng is gpplied to prevent
fertilizer 10ss from wind blow. |

Table 2: Trestment description in the different cropping systems

Treatments
Crop rotations T1 T2 T3 T4 TS
Millet/peanut NK NPK O.M. RP+PG O.M. + RP+PG
Com/peanut p P+NPK |P+OM. |P+RP+PG P+O.M. +
+NK | RP+PG
Continuou: rice p P+MPK | P+ OM|P HRI ! PG PIOM +
+NK | RP+PG

N and K for T1, and N, P and K fo# T2 are gpplied annually as urea , anmonium
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crops. T3 consists of manure application at the rate of 5 tons/ha every two years for
the 2 fUst cropping systems, and at|3 tons/ha for the continuous rice system, whereas
T4 refers to the application at the rate of 700 kg/ha every four years of RP and PG
mix. Lagt, T3S is the combination of T3 and T4.

For dl trestments fi-om T3 to TS, Njand K have been added on an annual basis prior to
sowing. The experiment was indtalled at Nioro station in 1997 does not include the T2
trestment, therefore only four treatments are compared.

The experimental design iS a randomized complete block design with five trestments
repeated four times

phosphate or KCl accordingly, th? recommended rates are applied for the different

The varieties used for the different crops are as follows:

for peanut, variety 55-437 at Ouadiour for short cycle duration (matutity a 90 days
after sowing), variety 73-33 at Nioro sites for 105 DAS or medium cycle

for com, var. Synthetic C (90 DAS)

for rice, upland rice variety DJ-684D (matutity a about 90 DAS). Besides this rice
variety, the farmers were provided with two other sdt tolerant varieties (Rock 5, and
Varl). The agronomic behavior of those varieties cultivated according the
farmers’practices in the bottom of the valley in submerged conditions have aso been
evaluated for general assessment of the Koutango lowlands with respect to rice
production. In the farmer rice field, six microplots were randomly harvested for yidd
determinations.

C. Measun%ments and monitoring
Sites characterization
Soil samples have been @llected for the characterization of the Stes, Ouadiour, on-
farm Ste at Nioro, and Koutango. For the on-stetion experiment a Nioro installed in
1997, site characterization data done in 1995 (Agetip, 1995) are used. Soil sampling
was also done after the corn harvest in December 1997. All the experimental plots
have been sampled at the following depths (0-10, 10-20 and 20-40 cm). Some of the
laboratory analysis results that were available are presented in this report.
Soil water balance
This monitoring was done to investigate plant water uptake but dso for the purpose of
nutrient balance, Soil water content | in the soil profile is measured once a week a
Nioro dation dSte, and once every |ten days esewhere. Three methods are used:
neutron probe, and TDR probe at Nioro station site, and the auger method elsewhere.
Access tubes for neutron probe readings are installed at the depth of 265 cm; i.e
deeper than the maximum crop root depths. As for the TDR method, the probe
ingdlation depth is limited by the probe length provided (120 cm). Conceming the soil
water content measurement method using the auger, the depth of augering is limited by
the wetting front as it advances in the profile during the rainy season. Tensometers are
used to determine the soil water suction at the depth supposed to be the maximum
rooting depth which is about 150 cm in sandy seils for peanut (Chopart, 1980). The
longest tensometers tube available are 100 cm long. This limited the actual field
ingtalation depth for all experimental plots to 100 cm for plots having an installed
accees tube, and 85 ¢m for the other plots. De-ily reasurements readings started in
1998, but late (on septetnber 23 until noviember 1 1) due to equipment availability.
The water baance monitoring was mot conducted for the on-fat-m experiment at
Diamaguene Ste (near Nioro Research Station).
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The soil water balance equation stated below dlows the determination of the soil plant
evapotranspiration for specified time increment during the cropping season.

R-D-rfAS=ETR

R = ramfall, D = drainage, r = nmoff, AS = vaiation of sock, and ETR =
evapotranspiration. All these components are expressed in mm of water.

For drainage edtimation, Darcy’s|law was used. Soil hydraulic conductivity was
cdculated usng exiding soil waer characterigic studies for Nioro dte (Cis e 4.

1990).

-classe A; A +L =20% K(B)=7/54*10°%9">*"

- classe B; A + L= 21.5 % K(0) - 2.31¥10'°*¢'**

-classeA; A +L =20% K(0)=6.29%10"%9*>"®

where A + L = clay + dSlt content; K = hydraulic conductivity; 8 = volumetric water
content.

Nutrient balance
This is dosdy related to soil water balance in general, and to soil water stock and
drainage components in particular,| It requires the use of the tensometers to sample
soil solution at specified depths. Weekly soil solution samples have been teken, starting
in late September. The nutrients i
cacium. The results are not yet available.

The nutriertts lost through drainage, |as part of the nutrient balance components, will be
calculated by multiplying the water drainage and the chemica concentration of the
different dements andyzed.
Soil samples with depth a the beginning and at the end of each cropping season plant
samples a harvest will be collected for analysis. This will dlow the determination of
nutrient dynamics in root zone and plant nutrient uptake.

Plant sampling
Plant samples were collected a flowering/pegging stage, around 60 days after sowing
for foliar diagnoss The sampling from each plot occurred after noticedble leaf
chlorosis was observed on few treatment plots. Andyss of the plant samples is done
for the following dements N, P, K, P, Ca The plant analysis results are presented.

Feld operations
The multi-location experiment started in 1997 on two Stes; i.e. Koutango (continuous
rice) and Nioro (peanut/corn rotation a the research station). The other Sites were
implemented in 1998. The cropping gperations are presented (Table 3)




Table 3 : Fild operation scheduling in the three selected Sites.

Nioro Koutango Quadiour
Operation Comn Peanut Rice Rice Peanut

(1997) | (1998) | (1997) | (1998) | (1998)
RP, PG or Lime application | 06/30 07/19 08/10 07/23
Plowing 06/30 06/23 07/22 08/10 -
Sowing 08/05 07/20 07/24 08/21 08/5
N-K Application 07/27 08/21 08/05
Thinning - 08/05 |- 0731 |oon7 |-
Pre-emergence weeding - - - - 08/06
1* Weeding 08/22 07/27 08/19 09/15 08/15
1* Urea pplication 09/05 - 08/19 09/17 -
2*4 Urea application 09/20 - 09/14 10/02 -
2™ Weeding 09/10 08/22 09/19 10/01 09/05
Bedding 09/10 -
Harvest 11/3 11/5 11/15 10/26 11/5

Rainfall itlput

Rainfall patterns are different for the 2 years ( 1997 and 1998) in Figure 1.

In fact, we have experienced one early rainy season in 1997 as opposed to a late rainy

season in 1998. At Nioro, the total annual rainfdl is about the same for the 2 cropping
seasons (580 mm). However, while the rainy season darted early june 1997, the first
important rain was recorded late July 1998. Although characterized by a rather short
rainy season, the 1998 cropping season has a much better rainfall digribution. A long

drought period (over 30 days) occurred early during the 1997 cropping Season,
causng a severe plant water stress, while in 1998 there was no maor water stress
problem, except at the crop maturity phase.

At Koutango unlike at Nioro or Ouadiour, heavy storms were recorded (160 mm on

august 23 1997, and 100 mm on September 1998). Even though the soil vegetation

cover a that time was well established, a important part of the water from this rainfall
event is log through runoff; the soil profile being near saturdtion at this time of the
rainy season. The pogtive aspect is the important input water to refill the Koutango

river valey.

Data interpre tation

This concerns the yield data, and the nutrients and water data. For most data, ANOVA

methods will be implemented to compare treatment effects, whenever it is possble.
Otherwise, comparison of mean will be used.

Mogt of the experiments have garted in 1998. Therefore, only partid data are
available.

3. Results and Discussion
a. On-Station experiment at Nioro
The yield components data (corn in 1997, and peanut in 1998) are presented in Teble

4. For corn, the ANOVA indicates no significant effect on grain yidd or stalk, despite
the difference in mean between the control and the other trestments. This is largely due
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Figure 1: Nioro cumulative rainfall - 1997 and 1998
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to important varigbility within tresiments. The corn grain yields obtained are low but
higher than those obtained for phosphogypsum efficiency study (also presented in this
workshop). It is assumed that the manure application was the key factor to that
difference. The soils samples collected from all plots down to the depth of 40 cm
indicates an emichment of the nutrient content (Table 5), but adso a downward

movement of elements such as Ca (Figure 2).

Table 5: Soil chemicd andysis results after harvest in 1997. Nioro

Samples |Soil depth | pHwater | PHKcl Ca Mg S T \Y |
(cm) (meq/100) %
T1 control{ 0-10 5.0 4.4 0.5 0.1 0.7 0.9 73.3
10-20 52 43 0.5 0.1 0.7 0.9 76.5
20-30 5.0 42 0.7 0.3 10 1.3 78.3
T2 0-10 52 46 0.7 0.1 0.8 0.8 98.0
10-20 49 43 0.6 0.1 0.8 0.8 84.5
20-40 4.9 42 0.8 0.3 10 12 82.7
T3 0-10 5.7 5.0 0.6 0.3 1.0 1.1 93.7
10-20 53 43 0.5 02 0.7 . 76.5
20-30 5.0 42 0.7 03 1.0 1.3 67.0
T4 0-10 53 4.9 0.8 0.2 11 1.2 843
10-20 5.1 4.5 0.6 02 .9 1.0 74.0
20-30 5.0 43 0.8 0.2 1.2 1.6 733

For peanut in 1998, the plant population was close to the optimum in dl plots. The

overdl mean yidds are good compared to the average yield observed this year.
However, no significant treatment effect for any yidd component was obtained
through the ANOVA. Around the middle of the rany season, plant chlorosis was
observed. Plant samples collected on each plot were andyzed. The foliar diagnosis
results (data not presented) show no significant difference between treatments.

Table 6: Yield Components at Nioro Station in 1997 and 1998

col-n 1997 Peanut 1998
Treatment Sand | Stk | Gran |  Plant |Pod +hay| Hay | Pod
Population
Tl 16800 1800 712 83330 4000 2575 1420
T2 33230 3030 1740 82240 3750 2120 1640
T3 34690 3460 1820 91980 4590 2780 1810
- c i - - 36420 3140 1880 90620 4480 2540 1940
Mean 30290 2860 1540 87040 4210 2500 1700
Sign. Level NS NS NS NS NS NS NS
cv (%) 32 s | 45 148 | 134 183 | 9.0 |

From the soil water monitoring done during 1998 growing season, changes in water
content in the profile are shown (Figure 3a et 3 b). Two major results ¢an be drawn
from these figures.
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First of al, regardless of the trestment, the water content values are well below the
water saturation for this type of soil (Cissé, 1990; Séne, 1995). This could mean that
water infiltrated in the soil is being used as long as the rains are fdling.

Secondly, the wetting front has gone deep in the soil profile (below 2 m), so that water
drainage has occurred. Soil water balance requires then an estimation of the drained
water.

b. On-farm experiments
~  On-Farm Experiment in the Com/Peanut Cropping System near Nioro Station

Yidds components are shown in Table 6. The plant population lower than that
mentioned above for the on-dation experiment is common in fam cropping Stuation.
The ANOVA peformed shows no significant treatment effects on peanut yidd
components.

Table 7: Peanut Yield for on-farm Experiment near Nioro. 1998

Treatment | Plant population Pod + Hay Hay Pod
T1 70620 2430 1380 1050

T2 74270 2290 1260 1040

T3 61930 1830 1080 750

T4 71405 2430 1340 1090

T5 71400 2260 1310 950
Mean 69930 2240 1270 974
Sign. Level NS NS NS NS
CV (%) 8.8 19.3 20.3 22.3

No major water stress has occurred during the rainy season, due to the good
ranfdl distribution. In this degraded soil fertility Stuation of the continuoudy cropped
fidd (Diack et al, 1998), the lack of direct effect of P amendment application on peanut
could indicate that nutrients added are not readily available for crop. As for the manure
application, the lack of direct effect confirms research findings indicating that pesnut
respond better to residual effect.

~  On-Fax-m Experiment at Ouadiour for thePeanut/Millet Cropping System

The effect of PG and RP mix and/or manure on yieds for the peanut/millet
cropping system is shown (Table 7). Despite the fairly good plant population obtained,
the yield components namely hay and peg yields are low. There is no significant effect
of the treatments. From the water balance measurements (data not shown), a very deep
water percolation is observed. This indicates a low waer use efficiency which dso
occurs in the sandy <oil.
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Table 7: Peanut Yield for on-farm Experiment at Quadiour.

Treatment Plant population | Pod + Hay Hay Pod

T1 87590 1130 740 370

T2 88420 1240 800 470

T3 86080 1080 710 390

T4 94080 1140 750 390

T5 87690 1130 740 390

Mean 88990 1140 750 380

Sign. Level NS NS NS NS
CV (%) 5.7 84 | 9.1 11,2

On-farm Experiment a Koutango for the Continuous Rice Cropping Sysem in the
Vadley Bottom.

The yield components obtained using an upland rice variety are shown in Table 8. The
ANOVA shows no significant effect of the treatments. The paddy yields vaues with a
mean of about 5 tons/ha show ared rice production potentid in the valey.

The soil water profile monitoring indicates a fairly good water avalability to crop,
(data not shown). The weter table during the cropping season has remained shdlow (<
1 m) (data not shown). Therefore, chances are that the groundwater through capillary
rise participates in plant water uptake when a drought period occurs.

Table 8: Effect of Treatments on Rice Yidd (var. DJ684D) a Koutango. 1998

Treatment | Plant population Paddy Sak Panicle | WT of 100 gr
Tl 325000 4663 4989 5264 2.32
T2 316666 4692 5320 5254 2.35
T3 350625 4102 4267 4616 2.35
T4 304375 4440 5083 4983 2.4
[-5 32479 1 4006 4286 4481 2.3
Mean 324292 4381 4789 4920 2.34
Sign. Leve NS NS NS NS NS
cv (%) 125 18.1 14,9 18.1 4.8
4, Conclusion

Long ter-m experiments were installed in three different cropping sysems in the
peanut basin to address the sustainability of the food production increase, by means of
the enhancement of soil fertility. It is assumed that the key factor there is the
optimization of waer and nutrient use. The results obtained from the first year of
implementation must be consdered as the basis for a necessary continuation of the work
underway. For the next cropping season, focus will be put on the determination of the
different components of water and nutrient balance.. Soil water percolation (drainage) for
upland. cropping sysems and upward water flow in the rice root zone in the lowland
system must be determined as accurately as possible. This poses the problem of required
equipment. Tha additioral needs in that regard concern the tencinmeters for soil water
pressure monitoring.




72

Literature Cited

Agetip, 1995. Programme de Réhabilitation des doations ISRA. Informations
pédologiques et éude cartographique des sols de la ation de Nioro.

Bationo A., Sédogo M.P., Buerket E., E. Ayuk, 1995. Recent achievment on
agronomic evaluation of phophorus fertilizer sources and management in the West
Afiican semi-arid Tropics. In : Ganry F. and Campbell B. (Eds), 1995. Sustainable land
management in Afiicen semi-arid and sub-humid regions. Proceedings of the SCOPE
workshop, 15-19 november 1993, Dakar, Senegal. Montpellier. France, CIRAD, 406p.

Chopart JL., 1980. Etude au champ des systémes racinaires des principales cultures
pluvides au Sénégd (arachide, mil, sorgho, riz pluvid). These de Doctorat en
Production Végéde e qudité des produits. Inditut Nationd Polytechnique de
Toulouse, 160p.

Cissé L. 1980. Suivi des facteurs physico-chimiques de la fertilité des sols sous culture
continue dans |'unité exp&imentde de Thyssé-Kaymor. Bambey, Doc ronéo, CNRA-
ISRA, 50p.

Ciss¢ L., 1986. Etude des effets d'apports de matiere organique sur les hilans
hydriques et minéraux et la production du mil et de I'arachide sur un sol dégradé du
Centre-Nord du Sénégad. Thése de Doctorat, Indtitut National Polytechnique de
Lorraine, Nancy, 184p.

Diack M., Badiane A.N., Sene M., Diatta M., Dick R, 1998. Cordyla pinnate en
asociation avec Rliogtigma reticulatum: Tmpact sur la régénération des sols dégradés
au Sénégd. Rapport fina du projet ISRA-NRBAR, LIR02, ISRA- Sénégdl, 25p.

Ndiaye JP., 1978. Enquéte fertilité en milieu paysan dans la région du Sine saloum,
ISRA, 15p. + annexes.

Séne M., 1995. Influence de I'é&at hydrique & du comportement mécanique du sol sur
I'implantation et la fructification de I’ arachide. Thése de Doctorat, Montpellier, France.




73

THEME 3 : NUTRIENT MANAGEMENT
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Effect of organic and inorganic fertilizers on the nutrient

status and yield of dryland crops
Baptista, 1. and 1. Anahory, Inida, Cape Verde

Abstract

Capeverdean subsistence farmers cannot afford to invest in expendve fertilizers
to supply nutrients to their dryland crops, therefore, gpplication of anima manure
aone or mixed with moderate amounts of chemical fertilizers could be a possible
dternative. Animal manure, besides being valable sources of nutrients, increas
water and cations retention of the soil and, when applied done or in combination with
moderate amounts of chemicd fertilizers, increase yields of crops and available nutrient
content of seils. This fidld work was conducted a the Riieira Seca watershed to
determine the effect of animad manure and NPK fertilizer in the yidd and growth of
dryland crops, in particular, com (Zea mays) and beans (Vigna unguiculata and
Lablab niger). The experiment was set up in a randomized complete block design
with four replication in which the trestments were: 1. Centrol, with no chemicd or
organic fertilizers, 2. 60 kg N/ha m which 50% was applied preplant as NPK ( 16- 1 0-
20) and 50% as ammonium sulfate (50% N) as sidedress, four weeks after planting; 3.
20 t/ha of cow manure incorporated into thesoil; and 4. combination of treatments 2
and 3. Since it did not rain enough, the crops did not reach maturity. The parameters
evaluated were: com plant height, com dry matter yield, nutrient content of bean plant
tissue, bean grain yidd and soil nutrient content. Treatments did not affect com plant
height, soil nutrient content or bean grain yield. The application of NPK and manure,
done or combined with each other increased corn dry matter yield. The highest dry
matter yield (3.92 Mg/ha) was obtained with the combination trestment, and the lowest
(2.27 Mg/ha) with the control. Ahhough there were some inconsistencies, the study
suggests a beneficid effect of manure combined with NPK chemicd fertilizer.

1. Introduction

In Cape Verde, dryland crops manly com and beans, are grown under poor
management with no chemicd or orgenic fetilizers as nutrient sources.  Since
Capeverdean subsgtence farmers cannot afford to invest in expensve fetilizers to
supply nutrients to their dryland crops, application of anima manure done or mixed
with mederate amounts of chemicd fertilizers could be a possble dterndive.

Anima manure, besides being vduable sources of nutrients, increases water and
cations retention and, when applied done or in combination with chemicd fertilizers
increases yields of crops and avalable nutrient content of soils. Organic nutrient
sources such as anima manure may reduce the amount of fertilizers required for
optimum com growth and yield. However, the amount of animad manure is limited and
farmers usually do not have enough to apply on the dopes where dryland agriculture is
practiced. On the other hand, the animad manure used is generally low in nutrient
content, particularly N, because of the anima diet and handling of the manure during
collection, storage and application.

The objectives of this fidd trial were:
- 1.To extend the anima manure both chemicaly, biologically and physcdly
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by combining @ moderate amount of NPK fertilizer with the manure and
applying it to dryland soils where com and beans are grown,;

- 2. To evaluate the effect of both chemicd fertilizer and anima manure on
crop growth and yied.

2. Materials and methods

This field experiment was conducted at a farmer’s fidd near S. Jorge, in the
Ribeira Seca watershed during the 1998 growing season. The soil a the experimental
dte was a loam and laboraory andyss she--=d thet initid soil pH was 6.8, OM
content 1.04% (dry combustion), P,Qs (Olsen) and K,O (ammonium acetate) in the top
20 cm were 109 (very high) and 636 (very high) ppm, respectively. Nitrogen content
was extremely low. The cow manure used contained 1.1% N (Kjeldahl digestion);
0.8% P (colorimetry); 1.5% K (flane photometry); 19% OM (dry combustion) and
26.2% moisture.

The experimental design was a randomized complete block with four
trestments replicated four times. Experimenta units were plots with 28 m’. The
treatments were:

. 1- Contral, with no chemica or organic fertilizers,

-~ 2-60kg N/ha in which 50% was applied preplant as NPK ( 16- 10-20) and

50% as ammonium sulfate (50% N) as sidedress, four weeks afier planting;

- 3«20 tha of cow manure incorporated into the soil with a hoe before

seeding;

4 . and a combination of trestments 2 and 3.
Com and beans were sown on July 27 (after whet later proved to be an insignificant
rainfall) in bills a rate of 28 hills per plot and four maize seeds and 2 different bean
seeds per hill. Com seeds used were of a loca variety and the beans were cowpea
(Vigna unguiculata) and feijao pedra (Lablab niger).

Com plant height was measured from soil level to tip of first fully developed
leaf, two months after seeding, by randomly selected 6 plants in each plot. Bean tissue
samples (young fully developed leaves) were collected from 20 randomly selected
plantsin each plot for andysis of dry matter N, P and K concentrations. Total N, P
and K were determined by Kjddahl andyss colorimetry, and flame photometry,
respectively. Com ear leaf samples were also supposed to be collected for dry matter
nutrient analysis but, & that time, the crop was dready suffering from moisture stress,

There was no harvest of grain yied because lack of ran prevented the crop
from resching maturity. Only the Vigna unguiculata produced some grains, which
were harvested on November 10. Both grans and pods were weighed. To
compensate for the lack of com grain yield, the straw in each plot was cut at soil level
and weighed to determine the effect of treatments on dry matter yield. The Straw was
not completely dry a cutting time; therefore, moisture content was determined by
drying straw samples a 65 °C for 48 hours. Plant population was also determined
because it was not uniform for al plots. Soil samples were collected a 20 cm depth in
each plot a the end of the experiment for laboratory andysis of pH (1:2 soil:water); N
(Kjeldahl); P,Os (Olsen), KO (ammonium acetate) and OM (dry combustion).

Data were analyzed usng andyss of variance and covariance. Fisher'sLSD
test and multiple range analysis were employed to separate trestment means.
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3.Results and Discussion

Table 1 shows the rainfal amount and digtribution during the period of the
experiment. It can be seen thet the rains Started very late in the season and ended very
ealy. In fact, the first Sgnificent rainfall only fell in late August and the last a the end
of September. Rainfall was insufficient and poorly distributed during the trial period
which caused the crops to fail. Soil moisture was insufficient & seeding time, causng
poor emergence and early growth of both corn and beans, even though seeding was
done twice. After tassding it did not raim anymore; therefore, there was not enough
soil moisture to promote grain filling and, consequently, there was no grain yied.

The andysis of variance and covariance (Table 2) indicated a highly significant
effect (p<0.01) of the treatments on corn dry matter yied (52% moisture). The use of
the number of plants as covariate turtied out to be very Sgnificant (p<0.01) in reducing
the experimental error and detecting real differences due to trestments. A more
detailed andyss showed that NPK fertilizer and manure increased cora dry matter
yidd both when applied separatdy and in combination with each other. However, a
positive interaction between NPK  fertilizer and anima manure was not verified. It is
important to keep in mind that this soil was higb in P and K and, therefore the results
in this gtuaion of high P&K fertility no pogtive interaction occurred.

Table 3 shows the effect of trestments on mean dry matter yied and height of
corm plants. The mean dry matter yield of the NPK trestment was not significantly
different from that of the anima manure trestment. The combination of the chemica
fertilizer and the manure resulted in an increase 0f42 and 23% over the control and the
manure aone, repectively. Dry matter yield appears to be additive between
goplication of NPK and anima manure. There was no sgnificant difference between
the combination and the NPK fertilizer aone. Mean dry matter yidd was higher for
the NPK treatment than the manure treatment. Multiple range analyss showed a mean
corn dry matter yield of 24 and 4.0 Mg/a for without and with NPK fertilizer,
respectively, while for the without and with manure trestment it was 3.0 and 3.4
Mg/ha, respectively. Given the high soil P & K one is left to speculae that the yied
improvement might be due to N. It could be interesting to calculate the N contribution
from manure in comparison with that in the NPK fertilizers perhgps foliar N levels
would help test this hypothess of the N effect.

In spite of the podtive effect of the trestments on dry matter yidd, the
trestments did not have any Sgnificant effect on early cor-n plant height. In the same
way, the tretments did not have a dgnificant effect on bean grain yidd (Table 3).
Bean grain yidd was very low, with a mean yield of 22 kg/ha due to lack of ran after
flowering, causng poor grain filling. Grains were a0 very small.

Soil andysis a the end of the growing season did not indicate a significant
effect of the trestments on soil N, P and K content (data not shown). This could be
due to the very high initid P.Os and KO content of the soil. In fact, according to
INIDA’s soils laboratory recommendation, a response to application of P and K
should not be expected in such condition. However, the gpplication of manure resulted
in a highly dsgnificant ($0.01) increese in soil organic matter content (Table 4). But,
in spite of the increese, the organic matter level is ill in the low range for dl
treatments (< 29%5). This could be due to the low OM content of ihe manure applied to
the soil and dso because a large amount of OM s required to build up in the soil.

With the gpplication of manure and NPK ' fertilizer the nutrient concentration in
the bean plant tissue increased significantly (Table 4). However, according to INIDA’s
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soil fertility and crop fertilization manual (1997), in spite of the increase, the
concentration of N and P in the bean plants are still below sufficiency range. The low
nutrient concentration in the tissue samples could be due to water stress which limited
nutrient uptake. The combination of NPK fertilizer with animal manure resulted in the
highes tissue concentration of N, P and K which means that the combination
promoted more nutrient uptake than the individua application of NPK or manure.

4, Conclusion

It is obvious that the experiment did not give the expected results because of
the delay, poor didribution and shortage of rain. Dryland experiments in Cgpe Verde
are always risky because of the uncertainty of the rains. With this trial we could not
evaluate the effect of the trestments on com grain yied as expected, but we tried to
evaluate treatment effects on other parameters such as com plant height, soil nutrient
content, com dry matter yield and concentration of nutrients on bean plant tissue.

The results suggested thet, dthough the application of the manure alone
increased com dry matter yied significantly, the combination with manure is more
desirable because of the effect on nutrient uptake and other soil properties. However,
the trial should be repeated in favorable soil moisture condition to reach the conceived
objectives and to consolidate the results of this study.
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Table 1. Growing season rainfall data (cm) at S. Jorge, 1998

Months

Dates July August | Septembe | October | Jovembe
1 0 0 0 0.1 0
2 0 0 0.2 0.3 0
3 0 0 0.1 0.3 0
4 0 0.3 0 0.1 0.1
5 0 0 0 0.2 0.2
6 0 0 0 0.1 0.1
7 0 0 1.3 0.1 0
8 0 0 0 0 0
9 0 0 3.1 0 0
10 0 0 9.2 0.5 0.1
11 0 0.2 17.7 0.2 0
12 0 10 36.7 0.7 0
13 0 0 0.1 0.1 0
14 0 0.2 0 0.1 0
15 0 0 0 0 0
16 0 2.1 16.5 0 0
17 0 0 16.8 0.1 0
18 0.2 0 25.2 0 0
19 0 0 2.2 0 0
20 0 0 0 0 0
21 0 2.4 0 0 0
22 0 40.2 15 0.2, 0
23 0 0 0.1 0.1 0
24 8.5 0 0 0 0
25 5.5 0 0 0 0
26 0 0 0 0 0
27 0 10.5 1 0.2 0
28 0.2 11 32.6 0 0
29 0.8 0 1.5 0 0
30 1.6 0 0.1 0.1 0
31 0.4 0 0 0 0

otal 17.2 76.9 183.4 3.5 0.5
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Table 2. Analysis ofvariance and covariance relative to the effect of treatments on
corn dry matter yied

Seurce of variation d.f. SS MS F Sg. leve
Plant # 1 13.982 13.982 11.02 i
Blocks 3 9.406 3.135 2.47 NS
Trestments 3 41.378 13.793 10.87 ::

NPK 1| 30.768 30.768 205.63
Manure 1| 9.572 9.572 63.97 *
NPK * Manure 1 0.629 0.629 4.20 NS
Error 8 10.153 1.269
Total 15 74.920

* - p<0.05; ** . p<0.01; NS. - not significant

Table 3. Effect of treatments on com plant height, corn dry matter yied and bean grain

yidd
Treatments Corn plant Corn dry matter yield Bean grain yield
height (cm) kg/28 m* Mg/ha kg/28 m’ kg/ha
Control 1.24 6.37 2.27 0.052 18.58
NPK fertilizer 1.26 9.86 3.52 0.064 22.86
Manure 1.32 8.50 3.11 0.063 22.50
NPK + manure 1.32 10.97 3.92 0.070 25.00
LSD (0.05) 0.15 1.83 0.65 0.029 10.26

Table 4. Effect of treatments on bean plant autrient concentration and soil OM content

Treatments N P K Soil OM
% % % content %
Control 3.50 0.26 2.07 1.07
NPK fertilizer 3.83 0.28 2.23 1.23
Manure 3.80 0.29 2.28 1.73
Marnure + NPK 383 0.30 2.50 1.85
L.SD (0.05) 0.19 0.01 0.16 0.26




80

An Integrated Fertilization Study of the Groundnut-Millet

Rotation Cropping System.
Babou Jobe, Soil Scientist and Program leader for Cropping Systems and Resource
Management program Nationa Agricultural Research Institute (NARI), PMB 526,
Serrekunda, the Gambia

Abstract

Like dsawhere in the Sahd, agriculture is the most important economic sector
in The Gambia This sector provides employment for more than 75% of the rurd
population, contriiutes between 20-25% to the country's Gross Domestic Product
(GDP) and generates almost 85% of foreign exchange eaning and 40 % of totd
export earnings. This agriculture is, however, a& .a crossoad w-ith declining per capita
production and a deteriorating resource base. The region most affected is the North
Bank Division of The Gambia The North bank diviSon is one the most important
agricultura regions in The Gambia. This region covers an area of 221, 000 ha, has a
population of 156,000 people (15% of national population), and a totd of 45,000
cdtle, 64,000 smal ruminants, 11,000 horses and donkeys (draft animas). These
resources put together account for 33% of the total agricultural output of The Gambia

Currently, this region is experiencing a steady loss in crop production capacity,
which is on the one hand on account of the weether (low rainfall), but most often. a
limitation posed by low soil fertility. Low crop yields in this region are due to the
combined effects of low inherent soil fertility and agriculturdl expansion characterized
by resource based (natural soil fertility) farming systems.

Resource-poor farmers, further constrained by remeval of subgdies often
cannot apply recommended fertilizer rates, hence have sharply reduced fertilizer use.
Fertilizer use in The Gambia dropped to less than 5 kg/ha in 1996 from the application
rate of 16 kg/ha in 1985. These farming Systems are nutrient mining. resuhing in the
negative nutrient flows and nutrient balances. Resource-based farming is unsustainable
and often goes hand-in-hand with land degradetion.

Reduced dependence on chemica inputs and increased dependence on available
locd resources is most appropriate for a fragile and stressed ecosystem under the
management of a resource-poor farming community. For environmenta degradation to
be reduced and the production performance of the existing croplands increased, there
is the need to improve the nutrient budgets of these soils through organic or inorganic
sources. However, socioeconomic conditions, avalability of inputs and limited soil
resilience favor the integration of the two Srategies.

The study (in a randomized complete block desgn with four replications)
utilized a groundnut-millet rotetion system to assess: i) the long-term changes in soil
chemica properties due to soil amendments and ii) the longterm effect on the
production of the rotation system. The interaction effects of different manure (stable
atd COve Jung) @ 3 t/ha wik five levels (0, 15, 30, 35 a...l CO kg/ha) P20s ui N vere
evaduaed for groundnut and millet respectively at Njaba Kunda.

Two-year results showed that manure + fertilizer was superior to fertitizer
gpplied done expecidly a low rates on crop biologicd and economic yidds. The
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integrated fertilization strategy increased the output of the rotation sysem by over
twice the control (no fertilization) and 7% more than fertilizer applied alone. This
complementary effect of manure and fertilizer was manifested across rates and a sure
drategy for mcreasing fertitizer USe efficiency.

In addition, the combined (integrated) fertilization strategy impacted on
physical and physochemica properties of the nutrient-poor and poor-buffering soil of
Njaba Kunda. The loss in soil productivity is often related to loss in soil organic
matter. Soi! organic matter the key attribute of soil fertility was enhanced significantly
over mineral fertilizer alone. The increase in il organic matter in manure and manure
+ fertilizer applied plots was due to the reduction in the rate of soil organic matter Joss.
The manure treatment acted as a strong <...k against decompostion. Alse, bases
such as cdcium and potassum were enhanced that can bring about increased plant
nutrition and reduced acidification.

From the indications of this experiment, under current farmers prectice there is
the threst of decline in productivity overtime with the likdihood of irreversile
environmenta degradation. Therefore, in order to mamtain productivity, there is the
need to adopt the use of soil amendment particularly from organic sources.

Such an experiment needs to be long-term in order identify key indicators of
land degradation as soil organic matter and establish critical vdues for them for
different agroecologies. Also, in order to facilitate large-scade manure use especidly on
faraway fidds, tbere is the need to look into ‘more efficient manure transportation
means and proper fiedd storage methods.

1. Introduction

The maintenance of soil fertility, given an increasing intensity of land use
associated with population growth and mechanization, is crudd to the long-run
productivity of Gambian farming systems. Yidds of crops, particularly food crops, are
either declining or stagnant and the demand for food is increasing more rapidly than at
anytimein history. The steedy lossin crop production capacity in The Gambiais on the
one hand due to recent years of low rainfall, but mogt significantly, is a limitation posed
by low soil fertility.

Resource-poor farmers, further constrained by the removal of subsidies on
fertilizers, often cannot afford to apply the recommended fertilizer rates, hence they
have reduced fertilizer use. Fertilizer use declined from an already low 0f16 kg/ha in
the mid-1980s to less than 5 kg/ha N-P,0s-K,0 in 1996 (FAO, 1996). According to
Rhodes et. d. (1996), The Gambia is a moderately nutrient deficient country with a
negative nutrient flow of 14-3- 16 kg/ha (N-P,0s-K,0). These farming systems are
nutrient mining, since OUtpUL exceeds input, resulting in a net negative nutrient flow.

Farmers reaction to the decreasing yield Situation is to increase the planted area
more by usmg more margind ltands. No where is the problem is more evident then in
the North Bank Division (NBD), a region being among the most important in the
country agriculturally.

The NBD covers an area of about 221,000 ha, of which 42% is suitable for
agriculture and another 21% is consdered margind. Cropland covers slightly more
than 45% ¢f the area, with , cgetuilon qover of less tha. 10% of the landscape
(Dunsmore € al, 1976). It has a population of 156,000 people (15% of the nationa
population), a total of 45,000 cattle, 64,000 small ruminants, 11,000 horses and
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donkeys (Population and livestock census, 1'993). These resources put together
account for 33% of tota agricultural output of The Gambia.

The cropping systems on the uplands are largely a groundnut-cereal (early
millet) rotation. The North Bank bas the largest area of groundnut in the country,
varying between 20,000 and 30,000 ha, with an average yield of little more than |
ton/ha. The early millet area has been growing rapidly and yiekis average about 900
kgfha (Posner €t al., 1989).

Most farmers have for along time known the use and importance ofboth manure
and inorganic fertilizer in increasing crop yidds through soil fertility enhancement. The
use of manure is the major soil fertility maintenance strategy in the inner fields (close to
compouni. , on food crops. The effect of fertilizer, on the other hand, has been
demondtrated to these farmers on all mgor crops and adoption rates have been high for
cash crop until subsidies were removed on fertilizer and it became unaffordable to the
majority of these resource-poor farmers.

Manure can offer multiple benefits, but it is not available in the quantities
required. E:xxclusve dependence on chemicd fertilizers on the other hand even where
affordeble, may have detrimental effect on the long-term productivity of the natural
resource base. Reduction of dependence on chemical inputs and increased dependence
on available local resources such as manure, compost and crop residues would be the
mogt gppropriate technology for a fragile and stressed ecosystem under the management
of a resource-poor farming community.

This therefore, calls for an integrated plant nutrient system approach. The main
god ofthis strategy will be to integrate the use of organic and inorganic sources of plant
nutrients for a sustainable increase in agricultural productivity in an efficient and
environmentally fiiendy manner.

Specific hypotheses

1. Stable manure is of higher quality in plant nutrient content and organic matter and
of more value than cow manure in improving crop response to applied fertilizer.

2. Soils in the study area (Njaba Kunda) are nutrient-deficit (negative flow) and are
likely respond to soil amendments and improvements in the nutrient budget.

Specific objectives

i) to assess the changes in crop responses (yields) to different soil anendment materials.

i) to assess changes in soil properties due to the effect of different soil amendment

materids.

2. Materials and Methods
Experimental dte

This two-year (1997 and 1998) experiment was conducted on an upland sSte in
Njaba Kunda in the centrd region of NBD, taking into consideration the dominant
cropping systems (groundnut-millet rotation system). Njaba Kunda is in the Sudano-
sahalian agroclimatic zone with a mean rainfall of 700 mm. The Seasond rainfall gt the
ste were 648 and 805 mm, being 93 and 115% normal, for the first and second year
respectively. The first cycle of the experiment (1997) with groundnut, was replicated at
three Stes other than Niaka Kunda, which differed in s0il and annual mean ranfdl:
Yundum (soil associationl); Jenoi (soil association 2); and Sapu (soil association 6).
Ranfal for these citec in 1997 was; 900, 65 1 and 865 mm respectively.
Soils

Generdly, the soils of the uplands belong to the soil order of Alfisols, with low
fertility for reasons of geoiogy and human activity. Soil associations 1 and 2 have similar
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characteristics; they are deep, well-drained, moderately permeable soils of the uplands
with loamy sand or sandy loam surface layers and a sandy clay loam subsurface.
However, soil association 2 (a the point of Njaba Kunda) has an eolian deposited parent
material, hence coarser in texture beeause of lower silt + clay (< 10%) content
(Dunsmere et. al., 1976).

Asocidion 6 soils on the other hand are deep, somewhat poorly drained and
moderately dowly permesble. For both years, preplant and postharvest soil samples
were collected at a depth of O-20 cm, air dried and ground to pass a 2 mm-sieve.
Measurements were made on soil pH (water and KCl) in a soil to water/solution ratio of
1:2.5 usng a glass electrode. Organic matter content was determined using the less-on-
ignition method. Totd N was determined by micro-Kjeldahl method and macrocations
(Ca, Mg, and Na) determined by flame photometry and avalable P was determined by
the colorimetric method using the spectrometer 21.

Field experiment

A randomized complete block experimenta design was employed to evaluate the
mtegrated fertilization effect of organic (manure) and inorganic (fertilizer) sources of
plant nutrients on crop yields and soil chemica properties in a groundnut-millet rotation
cropping System. Three types of soil amendments (N0 manure, stable manure and cow
dung) were gpplied at a rate of 3 tonsta, in four replications, and were evaluated under
five levels (0,15, 30, 45, and 60 kg) of applied fertilizer.

Planting was done on flat land (no tillage), but mechanized for both crops
(groundnuts and millet) usng animd traction. The groundmut variety 73-33 was planted
a a spacing of 50 cm x 12 cm and the millet variety (local) was planted at a spacing of
75 cm x 75 cm, inter-row vs intra-row. For both crops the experimental unit was 15 m™

Phosphorus fertilizer was applied to the groundnut crop at the specified rates as
triple superphosphate. In the second year, nitrogen in the form 15-1 5- 15 and urea was
applied to the millet crop. For groundnut, both the manure and the phosphorus fertilizer
were gpplied and incorporated at time of planting, For millet crop, manure was basdly
applied and incorporated while N was applied in two splits, two-third the amount (2/3) at
3 weeks after planting and one-third (1/3) at 6 weeks after planting.

For each year, data on stand count at harvest, dry pod yield and biomass were
collected. The data were statistically analyzed using the MSTAT and Minitab software
packages.

3. Results and Discussions
Groundnut crop-year |

Table 1 presents mean groundnut pod yield data of the 1997 experiment across
the four locations evalmated (Yundum, Njaba Kunda, Jenoi and Sapu). Yidds of
groundnut pod weight ranged from a low of 700 kg/ha to a high of 2000 kg/ha in
Yundum. Differences in mean pod yield among locations may in part be due to variation
in seasond rainfall and seil environment. Yundum and Sapu have comparaively more
moisture (940 and 856 mm of rainfall compared to 648 and. 651 for Njaba Kunda and
Jenoi), Heavier soils (> 15% silt + clay) at Yudum and Sapu than at Njaba Kunda and
Jenoi (< 10% silt + clay). Jenoi and Sapu aso had lower plant populations due to 2 |-day
dry spdll following planting and due to erosion respectively.
Analy.is of variance on individual Stes (annex) indiczai.d that there was a diffuicutial
response to soil amendments across locations. Yundum had significant manure X
fertilizer interaction effect, while Njaba Kunda and Jenoi indicated significant main
effects in added fertilizer and Sapu showed no trestment effect.
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Combined andyss was only possble for Yundum and Njaba Kunda and
suggested significant interactions among manure + fertilizer trestments. Table 3 shows
higher mean yidds for manure + fertilizer, paticulaly with sable manure, than for
fertihzer added done. Stable manure gave the highest yidd a 15 kg P2Os/ha but still
produced higher yields a each corresponding fertinzer leve than cow dung or fertilizer
alone. Cow dung, however, produced higher mean yidds then fertilizer gdone and
showed a negatively linear response with incremental rates of phosphorus fertilizer.

Average fetihzer effect (Table 4) was higher in Njaba Kunda than a Yundum
with an mean average increase in yied of 896 and 394 kg/ha or 75 and 26% more than
their controk, respectively. The gpplicaion of 3 t/ha of stable manure or cow dung
produced an average yield difference of 410 and 960 kg/ha, respectively over the control.
Average performance of stable manure + fertihzer and cow dung + fertilizer were
comparable, with 50 and 52% yield increase respectively over the control mean yidd.

The better groundnut response to fertihzer at Njaba Kunda may be attributed to
the lower fertihty level of Njaba Kunda soils, thus increesing the likelihood of response.
When Njaba Kunda was analyzed separately the only significant different was between
soil amendment againg N0 soil amendment. Even though nen-significant, yields were
higher with manure plus fertihzer than for fertilizer adone, a the corresponding level of
applied fertihzers. The yield advantage ofthe manure + fertihzer plot was most likdly due
to the additiona nutrients and soil moisture enhancement provided by the manure to this
nutrient-poor and low-water retaining Soil.

Table 1: Mean Pod yield (kg/ha) of Groundnut across Locations as Affected by Soil
Amendment in 1997.

Manure P,O0s-Level  Yundum Njaba Jenoi  Sapu Mean

@3 t/ha kg/ha Kunda

Nomanure 0 1514 1192 510 1125 1085
« 15 1799 2133 608 1285 1455
« 30 1847 2025 745 1344 1490
« 45 2076 2026 845 1177 1541
“ 60 1910 2125 608 1750 1598

Stable manure 0 1875 1650 700 1396 1405
« 15 2118 2333 777 1281 1627
« 30 2070 2000 883 1583 1634
« 45 1882 1708 790 1396 1444
« 60 2069 2033 608 1365 1519

Cowdung O 2792 1833 753 1302 1670
« 15 2333 2200 567 1167 1567
W 30 1910 1917 748 1271 1461
“ 45 1972 2042 770 1052 1459
« 60 1958 2075 708 1177 1480

Location mean 2008 1956 708 1311

1. Manure; 1= Nomanure, 2 = Stable manure, 3 = Cow dung
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2. PLevel, 1=o0, 2=15, 3=230, 4=45  5=60kgP.0;s

Table 2: Mean pod yield (kg/ha) from manure x fertilizer interaction averaged over
Y undum and Njaba Kunda

Added kg/ha NO manure Stable Cow dung
P205 (fertilizer) manure

0 1353 1763 2313

15 1966 2222 2267

30 1936 2035 1913

45 2072 1795 2007

60 2017 2035 2017

Regression Equations

1 Fertilizer: Y = 1415+31.8P-0371 P>, r=0948 X,, = 43 kgP-Os/ha
2. StableManureY = 1877 + 9.74 P - 0.146 P2, r = 0.342X,, = 33 kgP-Os/ha
3.Cow dung Y = 2353-16.3P-0.178 P2, r =0.876 X, = 45 kgP-Os/ha
Xu = Amount of fertilizer nutrient required for maximum yield.

Table 3. Average site-specific perfformance in groundnut pod yidd as affected by
the different s0il amendments.

Yundum % increases Njaba % increases

in yidd Kunda in yidd
Fertilizer 1908 26 2088 75
Stable manure 1875 24 1650 38
Cow dung 2791 84 1833 54
Stable + fert. 2035 34 2019 69
Cow dung + fert. 2043 35 2058 73
Control 1514 1192

In order to answer some meaningful practical questions, preplanned
comparisons Were performed. Orthogona contrasts (Table 5) on groundnut pod yied
from Njaba Kunda reveded that the only significant comparison was between
amendment and no amendment. The gpplication of soil amendments whether fertilizer.
manure or the combination of the two significantly increased yield over no application
of soil anendment. This indicated that the naturd soil fertility a the ste was low,
hence it could not provide adequate plant nourishment and, therefore, requires
suprler~ntation.

From the fitted orthogond polynomials (Table 6), responses in pod yield to the
different amendments were curvilinear, an indication tha the change in pod yidd was
not congtant for every incremental change in applied soil amendment. The response to
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fertilizer gpphed done was quadratic, cubic for stable manure + fertilizer and not
defined for cow dung + fertilizer. According to the fertihzer response function,
groundnut pod yield will increase by 43-kg pod/kg of P,0Os applied as fertilizer done
and maximum yield was obtained at 41 kg P,Os/ha.

For stable manure + fertilizer, the change in pod yield a low rates was 84 kg
pod/kg P,Os. However, yied declined faster than the decrease in fertilizer at
intermediate rates (> 30 kg/ha), but pesked up again & higher rates. Especidly
noticeable on tropica sites was the effect of manure as a P fertilizer and the improved
effectiveness of mineral P fertilizers when combined with manure. Initial available P in
these soils was low (<10 ppm), and are largely stored in the il organic matter which
is readily depleted. Fertilizing With wuinure can counteract P deficiency or its reduced
availability on cultivated soils. How manure brings about an increase in avaladle P
may be chemicd, physica or biological in nature :

1) organic colloids prevent dissolved phosphate from coming into contact with free
aluminym and iron,
2) when organic matter decays, the organic acid that forms dissolves phosphate,
3) organic phosphorus is less strongly fixed by soil and
4) microorganisms mineralize organic phosphate compounds.
Millet crop-year 2

Mean grain yidd of 557 kg is below the average yidd in the area (Table 5) and
was attributable to late planting and diseese infestation (Downy mildew). Farmers in
this area ‘dry seed” their early millet in order to gain time for planting groundnuts
whereas, the experiment was planted when the soil was sufficiently soaked by rains.
Grain yidd ranged from a high of 866 kg/ha for cow dung + 60 kg N/ha to alow 125
kg/ha for the control (no fertilization).

Grain yidd was affected dso by Downy mildew infestation, epecidly in the
low fertility plots. The effect of the disease on grain yield was manifested through
depresson of plant vigor affecting parameters such as tiller production for panicle
count and plant height. Plots with disease scores of 7 and 9 (high infestation) had
significantly fewer panicles and shorter plants. The occurrence of heavy downy mildew
discase infesation corresponding to low fetihty plots was an indicetion of the
importance of fertility in pest and disease management.

The main effects of the experiment (Table 5), manure and fertilizer, were
significant for gran yidd, panicde count and plant height with least significant
differences a the 5% level of 135 kg/ha, 11 panicles and 1 | centimeters respectively.
Manure sgnificantly outperformed no manure m dl of the dated parameters The
average effects of manure on grain yied was 30% greater than that of no manure and
among manure, cow dung produced the highest mean grain yidd of 623 kg/ha. The
response to fertilizer was cubic with extrema a 15 and 60-kg P2Os/ha rates.

Orthogonal contrasts of treatment means (Table 5) revealed significant
difference on millet grain yied in year two of the rotation experiment among the
different s0il amendments and also a manure x fetilizer interaction. In the first year of
the rotation experiment With groundnuts, the only significant différence detected was
between some soil amendment and no soil anendment on pod yidd. Soil amendment
was superior to no soil amendment and between the soil amendments, organic
amer“ment combined with fertilizer was superior t0 i~organic anendment applied as
fertilizer alone. Between the manure types, the interaction effect of cow dung +
fertinier was higher than gable + fertilizer.




The postive effect of manure on fertilizer use efficiency might be atributed to the
deayed effects of manure. After repeated applications (two), both the immediate effect
and the ddayed effects of earlier gpplications coincide, and manure sarts to have its
maximum impact on yidds. The impact of manure on yidds depends strongly on the ste
that is, on primary effect on soils (as fertilizer, biologica or physica) and on the state of
the soil. The soil a the experimental sSite is both a nutrient-poor and poor-buffering
capecity status. Therefore, the likdy impact of manure is through nutrient supply and
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enhanced moisture retention and availability to the plant.

Table 4: Effect of different soil amendments on the grain yield, yield components
and agronomie parameters of millet (year 2 rotation)

Treatment Grain Yield Stand Panicle Plant Ht =~ Downy muldew
ke/ha count count (cm)
Main effect
Manure
l 1. 463 b 14 35b 139b 6
2. 583 ab 15 54 a 151 a 5
3. 623 a 15 47 a 151 a 6
Sy 47 | 4 4 0.03
Lsd .o5 135 ns 11 11
Fertilizer
1 414 c 14 35 b 135 b Y
2 606 ab 14 46 ab 154 ab 4
3 539 abc 15 44 b 139 b 6
4 522 be 15 45 ab 152 ab 7
5 702 a 16 59 a 154a 6
2
35 61 1 5 5
4 Lsd 05 174 ns 14 14
5
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Interaction effect

7 Manure  Fertilizer
1 1 125 d 13 10d 114d 9
1 2 642 abc 14 47 abc 154 abc 4
! 3 467 bc 16 34cd 132 cd 6
1 4 442bc 13 38bc 149 abc 7
1 5 642 abe 17 49 abc 149 abc 6
2 1 542 bc 16 51 abc 138 abc 6
2 2 517bc 15 51 abc 154 abc 5
2 3 542 be 15 49 abc 148 abc 6
2 4 717 ab 16 59 ab 160 ab 5
2 5 600 abc 16 61 ab 154 abc 5
3 1 575 abc 15 44 abe 154 abc 7
3 2 658 abc 13 42 abc 155 abc 6
3 3 608 abc 14 48 abc 137 bcd 7
3 4 408 cd 17 38bc 149 abc 7

5 866 a 15 66 a 161 a 4

Mean 557 15 46 147 6

S, 106 15 9 8

Lsd.05 302 ns 24 24

Manure: 1=no manure, 2=Stable manure, 3=Cow dung,

Fertihzer: 1=0, 2=15, 3=30, 4=45, 5=60 kg N/ha
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Table 5: Orthogond Contrasts for 1997 Groundnuts and 1998 Millet Soil

Amendment Treatments.

Groundnut Millet
Contrast DF F vdue Prob. F vdue
Prob.
1. Amt. Vs Noue 1 12.68** 0.001 17.83 0.000**
2. Org. Vs lnorg. | <1 5.84 0.020*
3. F2 Vs SF2 1 1.30 0.260 <]
4. F3 Vs SF3 1 <] <1
5 F4 Vs SF4 1 2.23 0.143 <]
6. F5 Vs SF5 1 <1 1.06 0.309
7. F2 Vs CF2 1 <1 <1
8. F3 Vs CF3 i <1 <]
9. F4 Vs CF4 1 1.337 <]
10.F5 Vs CF5 1 <] 6.62 0.014"
11.SF2 V s CF2 1 1.30 <]
12.8F3 Vs CF3 1 <] <1
13.8F4 Vs CF4 1 <1 6.29 0.016*
14.8F4 Vs CF5 ! <] 3.36 0.07

F2 = fertilizer & level2,  SF2 = Stable manure + fertilizer a leve2, CF2 =cow
dung + fertilizer at level, Amt = amendment; Org. = organic; Inorg. = inorganic
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Table 6: Response Curves of Groundnut pod yield and Millet grain yield due to
Different Soil Amendments.

Groundnut Millet
SS F value SS F value
DF
Fertilizer Effect 4
Linear 1 1294560.4 0.56* 277555.6 6.19*
Quadratic 1 747054.0 3.79*% 66654.0 1.49 ns
Cubic 1 455395.6 2.31 ns 337824.7 7.54%*
Deviation 1 <1 <]
Stable manure Effect 4
Linear ! 17305.6 <1 39942 .4 <]
Quadratic 1 106314.3 <1 390.3 <]
Cubic 1 898800.4 4.56* 46785.6 1.04 ns
Deviation 1 <] <]
€ow dung Effect
Linear 1 14745.6 <1 44622.4 <1
Quadratic 1 4536.0 <1 103544.0 2.31
Cubic 1 96432.4 <} 250905.6 5.60*
Deviation 1 - <] - <]

Regression equations
Groundnut

Fertilizer: Y= 1318 + 42.8X « 0.513X*, R®> = 0.340, P=0.03

Stable manure: Y = 1653 + 84.6 X -3.52 X* + 0.004 X°, R* = 0.383, P=0.05

Millet

Fert ilizer : Y = 136.0 +58.6 X-2.19 X + 0.023 X°, R*= 0.518,
P-0.007

Cow dung Y= 563.0 + 28.6X- 1.57 X* + 0.020 X’ , R2=0.310, P=0.110




91

Table 7: Crop production index and fertilizer use efficiency (in parentheses ) of the
groundnut-rotation as affected by soil amendment.

Nutrients added Fertilizer Stable manure Cow dung
kg/ha (N+P,05+K;0)
0' 1.00% (-) 1.66 (-)’ 1.83 (-)
90 210(16.1)  2.16 (17.0) 2.17 (17.2)
120 1.89 (9.9) 1.93 (10.2) 1.92 (10.1)
150 1.90 (7.9) 1.84 (7.4) 1.86 (7.6)
180 2.10(8.0) 2.00 (7.3) 2.23(9.0)

1. No nutrient added as mineral fertilizer.

2. Crop production index (1 .00 = 1192 kg/ha groundnut pods + 125 kg/ha millet
gran Yidds over the rotation period 1997- 1998.

3. Fertilizer use efficiency, kg produce kg * of nutrient applied.

Productivity of the groundnut-millet rotation

The output (pod +grain yids) of the groundnut-millet rotation system (Table 7)
is shown to be enhanced more by the integrated fertilization srategy than the use of
mineral fetilizer done when compared to the control. Manure and fertilizer when
applied adone increased output by 75 and 99% respectively. On average, manure +
fertilizer increased output by 102% and a lower levels of applied fertilizer, combined
fertilization was 7% more efficient than fertilizer adone.

A common assumption iS tha a groundnut-millet rotetion system is the
maintenance of soil fertility through nitrogen fixation by the groundnut crop. Andyses
of long-term experiments form Semiarid Francophone Afiica indicated that nutrient
balances are negative paticularly in nitrogen, are especidly negetive given the typically
low, less than 10 kg/ha (N + P,Os + Ky0), fetilizer usage. Sudies in Bambey,
Senegd (Pieri 1995) using "N conchided that a groundnut crop actually causes
nitrogen impoverishment of the soil under the current condition of farming (i.e. no
return of residue to the field).

B. Soil conditions

Soil amendments (Table 8) tend to enhance the resource base through a postive
influence on most of the measured soil chemica properties. Resource-base farming
(control) or nutrient balance negative faming in comparison is depleting of soil nutrient
reserves as measured by soil chemica properties..

Manure or manure + fertilizer tends to increese soil chemicd measures of
nutrients than fertilizer applied aone, especially on soil organic matter content (SOM),
exchangeable bases (K and Ca) and tota nitrogen. After one gpplication, manure and
manure + fertilizer plots showed a SOM content of 13 and 17% respectively, more than
plots that received fertilizer done. After the second application in year two, SOM
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content resulting from manure was higher than thet of the fertilizer done by 22 and 26
% respectivey.

The wide gap in SOM content. between fertilizer adone plots and manure +
fertilizer plots was a result of higher annual SOM loss (k%) from the fetilizer done
plots. Soil organic matter loss can be due to both mineralization and erosion. Fertilizer
was applied as nitrogen in year two and nitrogen fertilizers are known to hasten SOM
minerdization through increased microbial activity.

The loss of s0il productivity iS often related to loss in organic matter. Soil
andysis from long-term experiments in the West Afiican Sahd has indicated that decline
in soil productivity can be ascribed to two processes. the dedline in soil organic matter
and soil acidification (Pieri, 1995.) For example, in the very sandy sols of Bambey
(Senegd), annual plowing combined with fertilizer leads to an amma k% of 5% or more.
Also, on better-textured soils, (gt + clay > 10), of Saria (Burkina Faso) and Bebedje
(Chad), the higher the N fertilizer used the higher the k%. The lower k% for manure +
fertilizer may be as result of addition of organic matter, directly or indirectly acting as
strong check on decomposition of the soil humus.

Benefits of manure can be through the physical and physio-chemicd effect, and
provision of plant nutrient notably N, P and K and dso some micronutrients. Soil organic
matter is incressed and this usually leads to improved moisture infiltration and increased
water-holding capacity.

Complementary effects of manure and mineral fertilizers have been confirmed in
the tropics; Richards 1967, Roche 1970, Lamarc 1972 and Ganry et al 1974 (dl cited in
Mokwunye 1980). Higher yidds are achieved when the same amount of nutrient is
aoplied in combined form than goplied as fetilizer done. This is sad to be true in the
long-term and when the level of mineral fertilizer is relatively low.
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Table 8 Efféct of Different Soil Amendments on Measured Soil Cbemical
properties.

pH Aval.P Exch K Exch. Ca OM Kk
(water) ~ ppm  ppm ppm %

Year 1= Groundnut_and Phosphorus

Control 6.2 8 25 178 0.92 -
Fertilizer 65 75 23 162 0.64 .
Stable manure 6.2 15 25 123 0.79 -
cow dung 6.1 13 19 129 0.64 .
Stahle + Fert. 6.1 14 28 168 0.80 .
Cow dung+ Fert. 6.1 23 26 181 0.70 .

Year 2 = Millet and Nitrogen

Control 5.8 9 - - 0.68 14
Fertilizer 58 5 - - 0.49 12
Stable manure 57 5 - - 0.63 10
Cow dung 5.7 7 - - 0.57 6
Stable + Fert. 55 6 - - 0.63 11
Cowdung+Fert. 5 . 7 6 - - 0.60 7

3. Conclusions

The results of the integrated fertilization experiment lead to the conclusion that
there is a threat of soil productivity decline over time under the current cropping
practices, no fertilization or mineral fertilizer alone. In order to maintain crop yieds
under continuous cultivation there is the need for additional soil amendments. Fertilizers
are essential under such stressed soil conditions, but are expensive inputs, and must be
well managed to maximize efficiency.

Though there was vaiaion in the two years between the two manures,
regardless of the type, manure and fertilizer combined aways outperformed the
fertilizer aone.

The exclusive use of fetilizer on fragile ecosystems as the coarse-textured
uplands of The Gambia, may lead to physica land degradation and ultimately tO nutrient
fatigue. The solution is then an integrated plant nutrient system approach, by combining
mingal fetilizers with organic ones such as manure. The addition of manure can
improve the properties of these fragile soils as Soit organic matter content for sustainable
agricultura  productivity.

The integrated fertilization Strategy employed in this study hes increased the
productivity of groundnut-millet rotetion by increasing fetilizer use efficiency over
mine. a foriilizer especially a low rates of applied fe. iilizer, thus reducing ps vduction
cost and increasing profit.
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Recommendations

There is need for the study to continue over the long-ter-m in order to identify key
indicators of soil fetility decline relating to soil organic matter content. This may hep us
to understand the soil causes of land degradation and establish criticdl values of soil
organic matter for different agroecologies.

For a large-scale adoption of manure use on fidd crops, there is the need to
fecilitate the trangportation of manure from the source to field as this is the principa
constraint especidly for the fidds far avay from dwelings.

To increase the vadue of manure, proper fild storage methods need to be
recommended. Manure is trangportad to the fidd before the rains and at this time can
only be surface applied which exposes it to the dements (heat, wiwu and rain) of the
wegther.
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Annex 1 : Individual Analysis of variance of Groundnut Pod yield per Site.

Source Degree Sums of Squares

of of
Variation Freedom Yundum Njaba Kunda Jenoi Sapu
Replication 3 1220433.625 792740.477 375356.279 3402314.704
Manure (M) 2 1325016.346*  113592.655 78072.589 460474.455
Fertilizer (F) 4 175, 20.313 2936851.740* 317219.280* 463136.568
MxF 8 2961125.678* 1206037.055  240260.75 1
864467.625
Error 42 333370.672 8052259.578  868654.830 428692 1.398

cv (%) 20.81 22.39 20.13 24.37
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Pilostigma reticulatum used for Soil Oganic Matter Build up:

Effects on the Soil Quality and Crop Yield in the Peanut

Basin of Senegal
M. Diack, M. Séne and A. Badiane
ISRA, senegd

Abstract

Given the high demand for crop residues and the insufficiency of anima manure,
the use of nauve vegetaion could be an dternaive solution for improving seil quality
and crop productivity. This study was conducted to determine the effect of Piliostigma
reticulatum (PR), a native shrub, in improving the soil properties of a degraded soil and
to devdop management systems that effectively Utilize the species to maximize input
efficdency and crop productivity. The experiment was conducted a Nioro, Kaolack, on
a Deck Dior loamy sand (fine sandy, mixed Haplic Ferric Lixisol), leached ferrugeneous
soil tropica soil, where peanut and millet were grown. The above-ground biomass of
PR, collected after each cutting from the field was gpplied a the soil surface, at a rate
of 2 t/ha on the dry matter bass. The study compared a control (TO), PR biomass from
weeding (T1), T1 + mineral fertihzer (T2), a recommended rate for the growing crop,
T2 + biomass from cutting after harvest (T3), PR biomass fi-om clear cutting during oil
preparation (T4), and T4 + minerai fertihzer a recommended rate for the growing crop
(T5). As treatment gpplication was sequential, partid results showed dight increases of
21 and 26% for T1 and T2 respectively in peanut plant population, 6 and 17% for T 1
and T2 respectively in pods. As for millet, increases in stalk of 8 and 188% for T 1 and
T2 respectively were recorded. For both crops, these increases in yidd components
were more likely due to the chemicd fertilizer that is more available to plants so far.

Key words. Piliostigma reticulatum, biomass, spil organic matter, soil qudlii, crop
productivity.

1. Introduction

With 1/3 of the country’s area, the Peanut Basin provides 75% of the peanut and
80% of the millet production of the country. However, while the soils are intensively
cuhivated with a high degree of land utilization (land in fdlow is less than 3%), crop
production is il low. Soils are degraded.
Degradation of the soil resource, in Senegal, has resuhed from the combination of
decreases in rainfall, inappropriate land management practices (less land in shorter
fallow periods, removal of nealy dl crop residues fi-om fieds), and declining numbers
of trees from traditiona parkland agroforestry systems. Consequently, there has been
an intense extraction of nutrient N and P, and a decrease in overal soil organic matter
(decreased from the naturally occurring 2% down to 0.3%). The changes to the soil
resource h.ave caused a decrease in food production and reduced rurd income.
Therefore, efforts must be redoubled to replace nutrients fhat have been lost fi-om the
farms through the use of fertilizers and organic matter. Given the high demand for crop
sesidues and the jusufficiency of wuiinal nanure, the use of wative vegetation could L.
an alternative solution for improving seil quality and thereby increasing crop
productivity.
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Piliostigma reticulatum, an endophitic legume, has no nodules, does not fix N,
belongs to the Cesalpiniaceae family, and is usudly a shrub but it can occasiondly be a
tree. It grows on sandy, clayey and laeitic soils. During the dry season, it can grow up
to 90 cm with a canopy diameter of 100 to 17.5 cm Ammdly, 1268 g of dry weight
biomass per shrub are produced, for an average density of 317 shrubs per ha (Diack et
a., 1998). In some areas, these shrubs nearly cover the landscape but in others, there is a
less dense distribution. This difference in density is due to differences in soil types. If left
uncut, these shrubs continue to grow, but in farmers' fields they are cut a the soil surface
and burned just prior to the rainy Season.

A survey was conducted (Diack et al., 1998) to determine the farmer’s levd of
appreciation and the uses of P. reticulatum within the parkland sysem The survey
showed that P. reticulatum was the third most important species that farmers would like
to conserve in the fidds after two tree species: Cordyla pinnata and Acacia albida. The
reasons for the choice of these three species were fruit production, nutrient vaue of ther
biomass and forage for livestock. For P. reticulatum, famers thought thet it can play an
important role in soil fertilization and help protect soil against eroson. The population of
P_reticulatum is gill acceptable despite a decrease during the past ten years, due to
mechanization. The management system of P. reficulatum consists of cutting the shrub
(april-june) for soil preparation and cutting 2 to 3 times more, depending on the crop,
during the growing season. Ash as mineral fertilizer is the man product that farmers get
from the management system. Aceording to farmers, the effect of P. reticulatum on crop
productivity is showed by the good response of crops such as peanut, millet and to some
extend cowpea, under the shrub canopy. These information collected from the survey
show that Piliostigma reticulatum plays an important role in the farming system and has
a potentid of improving the soil  productivity.

A decomposition study of Piliostigma reficulatum biomass (Diack et al., 1998)
showed a greaster mass loss under field conditions than under controlled conditions. This
was probably due to the role of soil fauna which may have been involved under field
conditions but would have been excluded under laboratory conditions. With such a fast
decomposition rate under field conditions accumulating resdue biomass a the soil
surface would cetainly avoid a discontinuous didribution of organic resource for the
microbid activity. The specific surface area-to-mass ratio, obtained for P. reticulatum,
should dlow such a continuous application of the biomass to the soil for both cover and
organic matter build up.

The objectives of this Sudy are to determine the influence of P. reticulatum on
the soil physica, chemica and biological properties and the crop yidld.

2. Materials and Methods
Site : The experiment is being carried out in Paoskoto (Kaolack) in two
farmers filds which are under a two-year rotation of peanut (4rachis hypogaea)
and millet (Pennisetum glaucum L.). The soil isa Deck Dior loamy sand (fine-
sandy, mixed Haplic Ferric Liisol), leached ferruginous tropica soil (probably
an Ultisol). The soil has a pH varying from 5.7 t0 6.7 and a low fertility status
(OC: 0.47%, N: 0.45%).
Herials.

The above- ground biomass (leavc; and stems) of Piliostix.ia reticulatum were
collected after each cutting from the fidd.
Exnerimental design
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The design was a randomized complete block design with 6 treatments replicated
4 times.
The trestments are the following:
TO = Control;

T1 = Biomass from cutting (weeding) and application between rows and a the soil
surface, at arate of 2 ton/ha of dry matter;

T2 =T1 + mineral fertilizer a the recommended rate for the growing crop;

T3 = T2 + biomass from cutting after harvest and application at the soif surface, a arate
of 2 ton/ha of dry matter;

T4 = Biomass from clear cutting (seil preparation) and gpplication at the soil surface, at
arate of 2 ton/ha of dry matter;

TS5 = T4 + mineral fertilizer a the recommended rate for the growing crop.

Peanut, a 73-33 variety, will be planted with inter-rows of 0.50 m while millet (Souna

3) will be planted with inter-rows of 0.90 m, in an experimenta unit area of 45 m’.

Measurements

On plants: N, P, K, Ca, Mg and S contents will be determined at the maximum

vegetative stage and before harvesting for each crop.

On soils: samples will be collected before and after each growing season to monitor

soil moidure in reation to soil physcad, chemical, biologica propertties and C

dynamics. The following properties will be measured:

a) Physical characteristics: moisture content, bulk density, infiltration rate, soif
resistance to penetration and sealing index as a measure of aggregate stability;

b) Chemical characteristics: total C and N, NOy, NH,", P,0s, K, Ca®" and Mg™" .

c) Biological characteristics: microbid biomass C, particulate organic C (POC)
and enzyme activity (f-glucosidase).

Field Operations during the first year

Field Operations Dates of Implementation

Peanut Millet
Sowing 07/21 07/21
1* weeding 08/18 08/07
Thinning - 08/07
N-P-K application 08/19 08/13
1% urea application - 08/19
2" urea application - 09/04
P. reticulatum application 9/04 9/04
2™ weeding 09/08 09/08
Harvest 11/17 11/9
P. reticulatum application 12/11 12/11

3. Partial Results aid Discussion

Since the application of Piliostigma reticulatum biomass is sequential, trestment
T3 has been gpplied right after harvest while T4 and T5 will be applied early next Season.
Therefore, the yiddd components presented in Tables 1 and 2 are only for trestments TO,




99

T1 and T2. The yidd components recorded for T3, T4 and T5 treatments could be
considered as control for the first year.

For peanut (Table 1), even though yidds were rdatively low, the P. reticulatum
application has resulted in a slight increase in yield components. For plant population a
harvedt, there is an increase of 21 and 26% for treatments T1 and T2, respestively. For
pods, there has been an increase in yied of 6 and 17% for T1 and T2, respectively
whereas 6 and 29% were the respective increases in peanut hay yield for T1 and T2.

As for millet, yidds in general were low (Table 2). However, while trestment T1
has not yet shown any increase, T2 in the other hand has resulted in a strong yield
responsee. Plant population has increased fi-om 1 to 6% and stalk from 8 to 188% for T1
and T2, respectively. For both crops, increases in yield componenis Were more likely due
to the chemicd fertilizer that was added to P. reficulatum biomass for its greeter
availability.

Per spectives

Since the experimentation iS a 4-year program, we need to complete firs the

treatment gpplications and then monitor the soil property changes over time.

Table 1. Yield components of the peanut as affected by Pifiostigma reticulatum

Treatment Plantpopulation | Pod+Hay Hay Pod
- (kg/ha) (kg/ha) (kg/ha)
TO(Control) 44480 1250 600 650
T 1 (2 tons biomass) 54060 1320 640 690
T2 (2 tons biomass + 55980 1530 770 760
mineral fertilizers)
Mean 53300 1460 720 750

Table 2. Yield components of the millet as affected by Piliostigma reticulatum

Treatment Plantpopulation Number Stalk (kg/ha) | Grain(kg/ha)
of
spikes  /ha
TO 8240 11140 1240 210
Ti 8320 8170 1340 150
T2 8700 27170 3560 660
| Mean 8380 18650 2040 410
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Phosphogypsum Efficiency to correct Soil P Deficiency and/or
Soil Acidity
M. Séne, M. Diack and A Badiane
ISRA, Sénégal

Abstract

To Increase agricuhural production in Senegal, the national program uses a
phosphogypsun (PG) and Taba phosphate rock (PR) mix as a soil P amendment to

correct soil P deficency and/or acidity. However, there is no previous study
demongrating the efficiency of PG to corr¢ ‘hese <0il constraints. This long term
experiment dated in 1997 a Nioro agruculturd research dation to sudy the
efficency of PG as compared with PR and lime to increase crop yieds for the
com/peanut rotation and improve soil P and pH status. For the degraded soil fertility
Ste sdected, a randomized complete block design composed of 8 treatments and 4
replications is used.

In 1997, no significant direct effect was observed on ¢om yied components. This can

be explained partly by rainfall shortage. The analysis of soil samples taken after harvest
has shown a important Ca movement within the soil profile. In 1998, the resdud effect
of treatments is significant only on pod yield. The positive effect is more important for
the lime trestment. As compared to the gontrol, all the treatments (except the 75 % PR
and 25 % PG comhination) significantly improved the pod yield. This confirmed the
pogtive effect of Ca gpplication on the pod filling. The foliar andys's has not shown
any significant trestment effect, despite the plant chlorosis observed.

1. Introduction

The production of iorganic fertilizer phosphate from the locad industria produces
phosphoric acid and the natural rock phosphate deposits result in a huge amount of
phosphogypsum by-product piled up near the factories This materids for which
chemical characteristics are given (see annex ) iS now being used on a large scale

(nationwide) for the nationd program aming at increesing the agriculturd production.
The newly processed P-source amendment materiad bags distributed to farmers consists
of the mix of of 50 % rock phosphate (RP) and 50 % phosphogypsum. There is,

however, no previous study in Senegd that documents the efficiency of PG to correct
soil P deficiency for crop uses, or to reduce soil acidity given the large Ca content.

The objective of this experiment was to study the efficiency of PG as compared with
rock phosphate and lime.

2 .Materials and Methods

Site selection

This long term experiment, started in 1997, was located in the NIORO ISRA
agronomic research station in a ferruginous, leached soil. For the put-pose of this study,
a highly chemicdly degraded soil ste (pH < 5.5) but with available P < 30 ppm was
sdlected. This had been enabled by the soil fertihty assessment undertaken throughout
the r :search station three yens ag, (Agetip, 1995). Thie 2C m by 20 m grid sampling
used allowed a spatid variability andysis of the various plots within the station.
Cropping system

The Nioro area recaves rdaivey rdiable ranfal. Peanut (variety 73-33) is ofien
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grown as a cash crop asis com (variety Synthetic C) which is very sendtive to soil
fertility. The corn/peanut rotation was started in 1997 with corn. The potential yield of
the region is 4 t/ha for corn, and 2,5 t/ha for peant.

Treatments

Treatments under comparison consisted of the combimed use of phosphogypsum and
rock phosphate as indicated (Table 1) ; the lime trestment acted as a reference for soil
acidity control.

Table 1: Treatments under comparison

Treatments | Specifications

1. Check : No P added, only N and K

2. 0 % P from rock phosphate (RP) + 0 % P from phosphogypsum
(PG) + 30 kg/ha P205 from triple superphosphate (TSP)

0% P from RP + 100 % P from PG

25 % P from RP + 75 % P from PG

50 % P from RP + 50 % P from PG

75 % P from RP + 25 % P from PG

100 % P from RP + 0 % P from PG

00| o || |ua

100 % Ca from lime(Ca0)

The rate of gpplication was different for the two P sources : 100 % P from RP
corresponds with an application rate of 400 kg/ha of RP, and 100 % P from PG defines
an gpplication rate of 700 kg/ha of PG. For treatment 8, 100 % Ca from Ca0 refers to
a lime gpplication of 400 kg/ha. From the chemicel analysis data of these fertilizers,
the P and/or Ca quantity added on each plot can be determined. These rates will be
applied once every 4 years after 2 complete rotation.
Experimental design
The experimental desgn was a randomized complete block design with 8 treatments
and 4 repetitions. The size for each of the 32 plots js 84 m® (15 m x 5.6 m). The
number of rows to be sown each year depend on the crop : 7 for corn sown at a
spacing of 80 cm and 11 for peanut sown a a spacing of 50 cm
Measurements
a) Soils
After the initid soil physcd and chemicad characterization, as described above, soil
samples are taken once a year afier harvest to monitor soil pH, P and Ca contents
within the profile. For the fird sampling performed in December 1997 after the com
harvest, 108 samples have been collected according the following scheme :
. For treatment 1, 3 and 7, all the plots were sampled at 4 depths (O-10, 1 0-
20, 20-40, and 40-60 cm The trestments have been chosen to alow a
analysis of Ca movement in the profile ;
. For the remaining trestments, all the plots have been sampled a only 3
depths (0-10, 1 0-20,20-40 cm)
The soil analyses run on those samples were : particle size andyss, pH (water and
KCl), carbon, nitrogen (tot N and nitrates), bases, CEC, duminum and sulfirr.
b) Plant
This sampling was not done in 1997 for com.
Peanut plant samples are taken from each of the 32 plots at flowering/pegging Stage
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for foliar diagnoss. For each plot, four replicate samples were analyzed for N, P, K,
Ca, and Mg.

Field operations

After goplying the phosphocdcic amendment, the plots were plowed to mix the
fertilizer in the top 20 cm soil layer. The timing of the different operations performed in
1997 for corn and in 1998 for peanut is presented (Table 2).

Table 2 : Field operations during the 1998 cropping season

Operation Date of implementation

Corn (1997) Peanut (1998)
RP, PG or Lime application | 07/02 -
Oxen driven plowing 07/03-04 -
Sowing 07/10 06/21
N-K application 07/0 07/27
Thinning 08/05 -
Pre-emergence weeding - 07/27
1¥ weeding 08/05 08/10
1* urea pplication 08/05 08/
2" urea application 08/25 -
2" weeding 08/25 08/21
Bedding 09/01 -
Harvest 10/31 11/06

Nitrogen and Potassum were applied on each plot a the following rates :

12 kg/ha of N was applied at sowing, 22 kg/ha N was applied for both gpplications to

comn ; 12 kg/ha of N was gpplied at sowing for peanut

40 kg/ha of K was gpplied a sowing for both peanut and corn.

Rainfall conditions

Ramfall patterns were different for the 2 years. In fact, the rainy season of 1997 was
ended early while rainy season in 1998 was late. The totad annual rainfall was about the
same for the 2 cropping seasons (580 mm). However, while the rainy season Started
ealy June 1997, the first important rain was recorded late July 1998. Although
characterized by a rather short rainy season, the 1998 cropping season had a much

better rainfall didribution. A long drought period occurred early during the 1998
cropping season, causing a severe plant water dress, while in 1998 there were no
major water stress problem, except a the crop maturity phase.

3. Results and Discussion

As mentioned above, the sdected ste is part of the most degraded block of Nioro
Station. The comparison of the effects of P and/or Ca amendments on corn in 1997
and on peanut in 1998 is shown in table 3.

For the first year of the experiment corresponding With corn production, the ANOVA
indicated no significant treatment effect. An important variability has been observed
among trestment. Com grain yields obtained were low compared to the vaiety yield
potential which is around 4 tons’/h~ Two severe drevght prriods have occurred during
the cropping season, early in the vegetative phase and late at the maturity phase, which
partly explains the low yield obtained this year in the Peanut Basin.
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Corn (1997) Peanut (1998)

Treatment Number |Stalk |Grain Plant Pod + Hay Pod

of (kg/ha) | (kg/ha)  [population |Hay (kg/ha) |(kg/ha)

ears (kg/ha)
Check (T1) 18330 930 (732 84270 3930 2580 1350 d
30 P,0s(T2) [ 18330 1550|1072 87500 4150 2670 1480 ¢
100 % PG (T3) | 23610 1312|1110 82760 3990 2800 1590 b
25 75 (T4) 21670 1240 970 81350 4260 2370 1590 b
50-50 (T5) 17920 1000 [740 86510 4530 2900 1630 ab
75 "8 (T6) 19760 910 780 75100 3760 2370 1390 d
100 % as RP | 17470 990  |730  [86040 4330 lzsoo ’ 1540 bc
(TTY
Lime done (T8) | 18890 980 | 750 86350 4380 12720 | 1660a
Mean 19580 1150 880 83740 4170 2640 1530
Levd of sign ~ |NS NS |NS NS NS NS S
CV% 25.2 39.2 442 7.9 11.5 16.6 7.8

In 1998, no significant effect is observed except for pod yields. Highest pod yields
were obtained with the trestment where lime was applied and by the trestments where
phosphogysum was added; the best among these was the treatment receiving the mix
of SO % PG + 50 % RP. This indicates the relative importance of Ca in pod
production. The positive action of Ca to the degraded soil could arise from two
aspects. Firgt of all, there is the improvement of pod filling, and secondly the soil pH
increase and/or aluminum toxicity decrease could occur. This can be confirmed by the
soil profile Ca emichment resulting fi-om the different P or Ca source amendments.
This hypothesis is supported by the fact that the plant analysis done following the
chlorosis observed at mid-season does not reved any sSgnificant trestment difference.

4, Conclusion

After a second year study, the trials show the possible effects that can result fi-om the P
and/or Ca source of soil amendments. The remaining 2 to 4 years of the experiment
should give a better idea on the red agronomic vaue of phosphogypsum as an
amendment materid.
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Annexe: Chemical charecteridtics of phosohogypsum (PG), PG + Taiba Rock
Phosphate (RP) mix, and Taba RP

Totd Elements

Ca0 %
MgO %
KoO %
NazO %
Fe,0; %
ALO; %
P,Os %
§%
Mn ppm
Cu ppm
Zn pp”
Pb ppm
Cr ppm
Ni ppm
Cd ppm

Soluble elements
Samples

Ca0 %
Mg0 %
K0 %
NazO %
P,Os %

s %
pH eau %

PG

32,3
0,01
<05
0,07
0,15
0,27
0,99
14,64
2.3
3.5

bl

<10

"
.3

24.2
2.8
15,8

10,48
0,01

0,44
0,07
0,39
4,86
4,67

50% PG + 50% RP

40,6
0,04
<0,5
0,08
0,49
0,77
19,12
6,79
108
27,7
290
5.3
96,7
29,8
51,6

10,9
0,03
0,32
0,07
0,47
4,81
3,91

Taba RP

49.4
0,06
0,02
0,09
1,59
0,08
372

404
72
522
5.4
198
86.4
70,8
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Phosphorus Buffer Coefficients of Seected Soils of West

Africa
A. Sidibé, M. Keita, O.B. Coumaré, M.D. Doumbia, A. Bationo, R. A. Kablanet R. S.
Yost

Abstract

Labcrratory incubations were conducted to validate P buffer coefficients predicted by
the Phosphorus Decision Support System (PDSS) model. Soil samples were analyzed v
general soil properties.

Collected soil samples were first analyzed for clay and plant avalable P. These
parameters were fed to the model to generate buffer coefficients referred to as an. These soils
samples were then incubated to estimate buffer coefficients referred to as a. Then, g and a;
were compared.

Steeper dopes (indicating higher buffer coefficients, but lower buffeting capacity) were
obtained for sandy soils (0.87 for the sandy, Seno 0il), in contrast to the less steep sopes for
clayey soils (0.21 for the clayey, Moursi 1 soil). Buffer coefficients derived from the model
(a) were sgnificantly higher than those obtained from laboratory incubation (a). Differential
responses of soils to methods of buffer coefficient determination were obtained: the buffer
coefficient derived from the model (a.).was significantly higher for the dayey Moursi 1 soil
(under irrigated rice), but not for the clayey Longorola BF soil (bottom-land, waterlogged
soil).

Future work on PDSS will focus on (i) field testing of the predictions and (ii) including
phosphate rocks into the predictions. Phosphate rocks will require defining both specific P
buffer coefficients and soil P depletion rates in relation with phosphate rocks.

1. Background

It hes long been believed that rainfall was the mogt limiting factor for crop production
in Mdi a wel as in many regions of West Africa. Recently, many research programs have
provided evidence that soil fertility, not rainfall is the number one factor limiting crop
production in these regions.(Stroosnijder, 1981; Doumbia et d., 1998; Breman et a., 1998).
Phosphorus is the mogt deficient and is the plant growth limiting nutrient in these oils
(Poulain, 1976; Manu et d., 1991; Daumbia et a., 1993). Jones and Wild (1975) documented
that P deficiency could be so acute that plant growth stopped once the seed reserve of P had
been depleted.

Fertilizer recommendations in Mali were made according to Chaminade (1965). For
economica reasons deficiency corrective rates were recommended (Piéri, 1973). For the case
of P, rates of about 20 kg ha- 1 are recommended for most crops in mog soils of Mdi (Poulain.

1977). When applied, these rates lead to soil mining (Van der Pol, 1992; Kieft €t al., 1994).

For increased crop production and sustained soil fertility, there is a need for recommendations
based on factors such soil properties, yied god, etc. These site specific recommendations are
better handled by decision aids. Phosphorus decision support system (PDSS) offers a strong
potentid in making these recommendations. It gives P recommendation on the bass of
primatily soil clay and plant available P contents (Yost et a., 1992). However, the model needs
to be adapted to soil and socio-economic conditions of West Africa. Phosphorus requirement
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predictions are made according to the following formula
P=(Bc- Bo) * al/a2 * D/10, where

P= P requirement prediction,

Be = P ¢ritical level in the soil,

Bo = Pinitid leve in the soil,

a; =long term retention rate of P

a2 = P buffer coefficient,

D = depth of gpplication.

3. Objectives
The genera objective of this research was to test the PDSS model. The specific
objective was to test P-buffer coefficients determined by PDSS,

4. Materials and Methods

Forty five soil samples representing mgjor agricultural regions of Mdi and Niger were
selected on the basis of texture class. These samples were anadlyzed for clay content, Bray- | P.
and pH (Spark et a., 1996).

Laboratory incubations were performed to determine P buffer coefficients in the
laboratory. These coefficient were compared to those predicted by PDSS. Known rates of P
solutions were added to soil (1: 1), and the mixture were dlowed to dry a room temperature
during 6-7 days. The slope ofthe regression obtained by plotting bray P extractable P against
the amount of P added was considered as P buffer coefficient (a). This coefficient was
compared with the coefficient (a) obtained by the modd, according to the following formula
(Yost at a., 1992.

a, = 0.6665 * exp(-0.02739 * clay).

5. Results and Discussions

Soils were selected to represent cropping systems and of Mali and Niger including
rainfed agriculture, bottom land (waterlogged), and irrigated systems. These soil samples were
classified into two textural and two Bray-1 P groups. The textural groups included: (i) the
clays such as soils from Kollo, Niger (56.4% clay), Moursi, Mdi (43% clay) and Longorola bf,
Mali (35% clay) and (ii) the sandssuch as Seno-S, Mai (3.9% clay) and Dounga S. (2% clay).
The Bray- 1 P levesinduded: (i) soil with “sufficient” P such as Kollo and Longorola bf (with
>10 mg P kg™ ) and (ii) soils very deficient in P such as Moursi and Tanda, Niger (with <1 mg
P kg**). The soils Kollo and Longorola bf had each high contents of both clay and Bray-1P.

The different buffer coefficients are shown in Figures 1 through 7. In general, buffer
coeficients estimated by the model are higher than those determined by incubation. In
addition, sandy soils have higher buffer coefficients

Figure 1 shows buffer coefficients for a sandy soil (Seno), aloamy soil (Kita), and a
clayey soil (Mours 1). The steeper dope (higher buffer coefficient of 0.87) for the sandy Seno
hes a lower buffering capacity. In contrast, the less steep dope (lower buffer coefficient of
0.21) for the clayey Mours 1 has a higher buffering capacity. The Mourd 1 is a soil under
irrigated rice cropping system. Similarly, Figure 2 shows the same pattern between the sandy
s0il of Dougouba and the clayey soil of Longorola BF. The Longorola BF is a bottorn-land
soil (waterlogged for about 3-4 months) under rice production. Figure 3 shows the above
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patterns for soil from different cropping systems of Niger.

Figure 5 compares buffer coefficients obtained from laboratory incubation (a) to those
derived from the model (a). In general the model predicted significantly higher coefficients, as
indicated by Duncan test. Figure 6 shows the comparison buffer coefficients a, and a; of 10
samples collected from mgor cropping systems of Mdi. The model predicted a sgnificantly
higher coefficient for the clayey Mours 1 soil (under irrigated rice cropping system), but not
for the clayey Longorola BF soil (a bottom-land soil, waterlogged for about 3-4 months, under
rice production).

6. Conclusions and Perspectives

For soil containing a wide range of clay content (2 to 56%), steeper dopes (indicating
higher buffer coefficients, but lower buffering capacity) were obtained for sandy soils (0.87 for
the sandy, Seno s0il), in contrast to the tess steep dopes for clayey soils (0.21 for the clayey,
Mourd 1 soil).

Buffer coefficients derived fi-om the model (a.).were significantly higher then those
obtained fi-om l|aboratory incubation’ (&). This would lead to dight under prediction of P
fertilizers requirements by PDSS in addition there were differential responses of soils to
metbods of buffer coefficient determination. The buffer coefficient derived from the model (a,,)
was significantly higher for the dayey Mours 1. soil (under irrigated rice), but not for the
clayey Longorola BF soil (bottom-land, waterlogged soil).

In the future, predictions fiom PDSS will be tested in fied plots againgt “conventional”
fertilizer recommendations. These tests will be implemented with sorghum and maize.

One of the limitations of PDSS is that it does not make recommendations usng
phosphate rocks PR). Attempts will be made to include phosphate rocks, especidly Tilems
PR into the recommendations. Phogphate rocks will require defining both specific P buffer
coefficients and soil P depletion rates in relation with the use of PR’s,
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Abstract

On-farm research was conducted to estimate nutrient budgets under two cropping
systems of Mdi These cropping sysems included the sandy soils of Centrd Mali under
permanent millet cropping system and the cotton cropping system of Southern Madli.

One farm was sdected in one village of each of the sdected areas. Dougouba, near
Segou, was sdected as the village for low input, millet cropping system while Dampela, near
Koutida, represented the “high’ nput, cotton based cropping system Partial nutrient balances
were conducted in each farm. In each of these cases, soil samples were collected to estimate
the initid nutrient status. Additions of nutrients were estimated by measuring agpplication rates
of soil amendments and performing laboratory analysis on samples of gpplied soil amendments.
Nutrient exports were estimated by measuring biomass production and performing laboratory
andyss on samples of the produced biomass.

Nutrient balances were negative under each cropping syslem: Dampéa: -21 kg N ha'.
-3,2 kg Pha™-9,1 kg K ha*; Dougouba: -105.8 kg N ha-', -17 kg kg Pha™, -54 kg K ha-*. The
very low inherent fertility of sandy soils of Dougouba coupled to permanent millet cropping
without any addition of mineral fertilizer is leading t0 a strong nutrient mining.

An implication of this study would be an integrated soil fertility management program
aimed at soil fertility restoration and increasing farmers income.

1. Background

Severd research programs have provided evidence that soil fetility is ndeed
the number one factor limiting crop production in Centra and Southem Mai and West
Africain general.(Stroosnijder, 1981; Doumbia et d., 1998; Breman et d., 1998). In
fact, severa constraints lead to soil fertility decline under cropping sysems in Mali:

-~ The low inherent fertility and fragility of Malian soils (Poulain, 1976; Piéri, 1989; Wilding
and Hossner, 1989; Traoré, 1974; Doumbia et a., 1993 and 1998),

o Application of very low raes of mineral and organic sources of plant nutrients (Pieri,
1989; Berckmoes et a., 1989; Van der Pol, 1992; Kieft et a., 1994),

o continuous removal of nutrients under traditiona cropping systems (Van der Pol, 1992 ).

o constraints related to the nse of the loca, Tilemsi phosphate rock, PNT, (Kamara et al,
1994),

~ disgppearance or shortening of the fallow period (Hoefdoot et d., 1993),

~ lack of crop resdues management in traditiond sysems (Van der Pol, 1992),
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. cultivation of margind lands (Van der Pol et Giraudy, 1993),

- minimum or lack of seil conservation practices in traditiond systems (Kieft et al., 1994).

~ the need for firewood (Kieft et d., 1994),

. treditiona pagtora systems (Van der Pol, 1992; Kleft et d., 1994),

¢ socio-economic conditions not favoring the use of chemicd fertilizers (Piéri, 1989; Kieft et
al., 1994).

Nutrients balances have been estimated for cropping systems of Mdi as well as other
countries of West Africa. (Roose, 1981; Piéri, 1983; Duivenbooden, 1990; Veldkamp et d.,
199 1; Van der Pol, 1992; Smaling et al., 1993 et 1996; Stoorvogd et a., 1993; Cretenet et d.,

1994; Traoré, 1995). These nutrient balances are negative for N (-40 kg ha-1), P (-2 kg ha- 1),
K (-33 kg ha-1), Ca (-8 kg hal), Mg (-10 kg ha-1), and CaC03 (-16 kg ha-1) for the cotton
cropping systems of Southem Mali (Van der Pol, 1992). A negative balance in N (-8 kg ha-1),
P (-1kg ha 1), et K (-7 kg hal) was made for agriculturd soils of Mdi. This nutrient balance
will be more negative in N (-11 kg hal), P (-2 kg ha1), et K (-10 kg ha-1) in year 2000
(Stoorvoge et al., 1993).

2. Objectives

The general objective of this study is to improve food security and environmenta
rehabilitetion in sandy areas under permanent millet cropping systems.

The specific objective was to estimate partid nutrient balances under two contrasting
cropping systems (on-farm) of Mdli.

3. Materials and Methods
a. SitesSelection

Dougouba, near Segou, was selected as the village for “low™ input, millet cropping
sysem while Dampela, near Koutiaa, represented the “high” input, cotton based cropping
sysem. These villages were sdected on the bass of ther involvement in on-going IER
(Inditut D’Economie Rurae) activities. Sdected characteridics of these villages are given in
Table 1.




118

Tableau 1: Sdected characteristics of the villages of Dougouba and Dampela.

Characteristics ; Dougouba Dampela
Families 32 44

Population 386 642

Farms 32 44

Average farm sze (ha) 8 18

Area under crooping (ha) 261 792

Area under fallow (ha) 0 0
Commund_pasture land (+ 12 64
Collaborating NGO’s or extension services | None cotton company

b. Partial Nutrient Balances

One famer was sdected in each village. Mr. Lassine Djiré was sdected from
Dougouba and Mr. Bougoussama bembéé from Dampéa Sdected characteristics of these
farms are given in Table 2.

A very smple approach, easy to explain to farmers, was adopted. Only N, P, and K
nutrient additions (mineral and organic sources) and exports of nutrients (biomass of crops)
were considered and estimated. Any other addition/export of nutrient was ignored.

Nutrient additions were estimated by firs measuring applied quantities. Then samples
were collected to determine their composition in N, P, and K (Sparks et d. 1996). Similaly,
nutrient e-ports were estimated by firs measuring the biomass produced (grain plus straw).
Then samples were collected to determine their composition in N, P, and K.

Partid nutrient balances were} made according to Van der Pol (1992), Van der Pol and
Traoré (1993). However, as stated earlier the following Smple foomulawes use B = A -« E;
where B = partia nutrient balance, A = nutrient additions, and E = nutrient exports.
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Table 2. Sdected characteristics of the farms of Mr. Djiré (Dougouba) and Mi. Dembélé

(Dampela).
Characteristics Mi. L. Djiré Mr. B. Dembéé
] ) (Dougouba) (Dampela) -
Farmer class C A ]
Land ownership Owns the land Owns the land n
Family size 6 217 o
Active members on the farm 2 23 -
Area under cropping (ha) 6 3 2 __
Soils (type: ha) sandy: 6 loamy: 25
clayey: 3
o bottom-land: 4 N
Crop rotation Millet-millet Cotton-maize o
Crops: No. of fields Millet/cowpea: 2 Cotton: 3
Groundnut:2 Rice: 7
Fonio: 1 Sorghum: 3
Vouandzou: | Millet: 9
, - Cassava:l Maize/cowpea: 1~ __
Catle 0 33 - -
4 15 -
Goats %E-.- 2 4 .
Donkey/horse 2 1 B
Chicken 7 30 ]
Cart - 1 1 ) ]
Plow 1 2
Weeder 0 2
Seeder 0 1
Use of harvest Food Food/Sale
Use of crop residues Feed/compost Feed/compost
Organic sources of nutrients used 8000 kg manure 7500 kg manure
12000 kg wastes
Mineral fertilizers used 850 kg urea
600 kg Cou®
- - 400 kg Cce*
Other mputs (purchased) None Cotton seed

Insecticide: 12 L

* Cco is a Cotton fertilizer blend (14-22-1 2-8S-1.5B), Cce is acered fertilizer blend

(15-15-15)
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4. Results and Discussion

Sdected characteridics of the villages and fams were given in Tables 1 and 2.
Dougouba receives a mean annual rainfall of 600 mm (Sivekumar et al., 1984). This village is
located in the “Albida Parkland” (Acacia albida), characterized by deep sandy soils. Dampela
receives a mean annual rainfall of 800 mm (Sivekumar et &., 1984). This village is located in
the “Old Cotton Belt”, where cotton cultivation is the oldest in the country. in addition,
Dampela has a strong comparative advantage over Dougouba the cotton company provides
on a loan basis, all the inputs required.

Additions and exports of nutrients (N, P et K) to/from the farms Mr. Dembéé
(Dampela) and Mr. Djiré (Dougouba) are indicated in the tables, 3 through 8.

Table 3. Mr. Dembélé (Dampela) farm: nutrient additions by mineral and organic sources.

Additions N P K
(Crop: fertilizer) | (kg) (kg) (kg)
Millg B1: Urea 23 i

Cotton B2: Manure | 181.7 252 135.5
Cotton B2: CCo 28 44 24
Cotton B2; Urea 46

Millet B3: Urea 25.3
Millet B4: Ures 23

Millet BS: Urea 20.7

Cotton B6: Manure | 77.9 10.8 58.1
cotton B6. CCo 21 33 18

_Cotton B&: Urea 23
Maize B7: Urea 23
Maize B7: Cce 15 6.6 12.5

cotton B8: Cco 21 33 18
Cotton B8: Urea 23

Sorghum B9: Urea |23

Sorghum B9: Cce | 7.5 3.3 6.2
Sorghum B12: Ureq| 46
Sorghum B12: CCe | 7.5 3.3 6.2
Sorghum B13: Urea| 23
Sorghum B13: CCe | 7.5 3.3 6.2

Cowpea Bl15: Urea| 4.6

Voandzou B16: Ureg 2.3
Sorghum B23: Ureq| 46
Sorghum B23: CCe | 15 6.6 12.5
TOTAL 734 169.1 297.2
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Table 4. Mr. Djiré (Dougouba) farm: nutrient additions by organic sources.

Crop N P K
(Crop: fertilizer)__| (kg) (kg) (k)
‘Millet DI: Manure | 26.0 3.6 19.4
‘Millet D3: Manure | 34.6 48 25.8
_Millet DS: Manure | 8.7 1.2 6.5
TOTAL 69.3 9.6 51.7

Table 5. Mr. Dembdé (Dampela) farm: nutrient exports by crops.

Crop N P K
(Crop: fertilizer) | (kg) ; (kg) (kg)
Millet B1 - 667 3 15.4 +31.9
Cotton B2 ' 139.6 26.0 52.0
| Millet B3 (822 1 19.0 39.4
Millet B4 111.2 25.7 53.2
- Miltet-BS r 63.6 r T 32.1
Cotton B6 230.1 42.8 85.7
Maize B7 47.2 9.6 33.6
Cotton B8 1219 22.7 454
Borghum 9 123.7 20.9 25.9
Groundnut B10 14 0.1 0.5
Rice B11 _ 7.7 1.7 9.0
" Sorghum B12 40.0 6.8 8.4
| Sorghum B13 15 3.1 3.9
Groundnut B14 51 0.4 2.0
| Cowpea B15 0.6 0.2 1.0
| Voandzou B16 1.5 0.1 0.6
| Rice B17 9.9 2.2 11.7
| Rice B18 8.6 1.9 10.2
Rice B19 17.8 | 3.9 20.9
Rice B20 12.3 2.7 14.4
Rice B21 9.9 2.2 11.6
| Rice B22 36.6 8.1 43.2
| Sorghum B23 251.1 -125 52.4
TOTAL 1407.2 272.7 589.0
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Table 6. Mr. Djiré (Dougouba) farm: nutrient exports by crops.

Crop N P K

| (Crop: Code) (kg) (kg)  (kg)
Millet DI 120 26.4 57.6
| Cowpea DI 12 3.6 27.8
Groundnut D2 102 7.9 38.4
Millet D3 160 35.2 76.8
Fonio D4 9 1.9 4.8
Groundnut D5 102 7.9 i} 38.4
Millet D5 40 8.8 19.2
Cassava D6 57 | 11.4 73.6
Voandzou D7 102 |8 . 2 38.8
TOTAL | 704 1111.3 375.4

Table 7. Mr. Dembéé (Dampelad) Farm: partia nutrient balance.

Addition/Export | N 1 P K
(kg) (kg (kg)
Additions  _ 734 169.1 297.2
Exports 1407.2 212.7 589.0
Baance -673.2 -103.6 -291.8

Table 8. Mr. Djiré (Dougouba) Farm: partid nutrient balance.

Addition/Export | N | P K
(kg) (kg) (kg)
Additions 69.3 9.6 51.7
Exports 704.0 111.3 375.4
Badance -634.9 - 101.7 - 323.7

Tables 7 and 8 show that nutrient balances are negative for N, P and K, a both
locations, Dampda and Dougouba. In addition, tbese nutrient balances indicate soil mining in
the following rates:

Dampda -21 kg N/ha Dougouba = 1058 kg N/ha
-3.2kg P/ha -17 kg P/ha
-9.1 kg K/ha -54 kg K/ha

By comparison, Van der Pol (1992) and Van der Pol et Traoré (1993) reported the followmg
mean values for nutrient balances for cotton based cropping systems of Southern Mdli:

- 25 kg N/ha
Okg P/ha
- 20 kg K/ha




123

5. Conclusions and Perspectives
a. Conclusons

Complete nutrient balances are difficult to measure. The nutrient balances were
negative under each cropping sysem: Dampéla: -21 kg N ha-*, -3,2 kg P ha'-9,1 kg K ha-;
Dougouba: -105.8 kg N ha*, -17 kg kg P ha*, -54 kg K ha*. One of the man condraints in
Dampela is the lack of arable land, thus resulting in a higher input cropping system, especialy
using chemicel fertilizer on cereal crops despite very low ratios of product prices to input
prices (Kelly et al., 1998). This high mput cropping sysem is supported by the cotton
company, by making both credit and inputs available to farmers of Dampela. Even with these
“high” inputs the soils are being mined. Neverthdess the lower inherent oil fertility at
Dougouba and permanent millet cropping with application of lower rate of nutrient input
resulted in an even more negative nutrient balance.

b. Perspectives

One of the objectives of this research was to develop an integrated soil fertihty
management program aimed a improving the negdive nutrient baances. The following
activities are suggested to reduce the negative nutrient balance at each site.

¢ Addition of Tilems phosphate rock during composting. This would not only improve the P
balance, but aso alleviate several of the constramts reported by Kamara et a. (1994).

¢ Phosphorus recapitdization (using Tilems phosphate rock) to alleviate P deficiencies and
improve P baance of these soils (Poulain, 1976; Piéri, 1989; Doumbia et al., 1998;
Sanchez et |zac, 1995).

~ Early planting to capture N flushes at the on-set of the rainy season (Birch, 1964).

- More integration of legumes in the cropping system.

In addition, et Dampela, there is a need to incresse the efficiency of use of chemicd
fertilizers, especially when gpplied tu cered. An efficiency of 20 kg millet/sorghum grains per
kg of fertilizer is required to achieve a value/cost ratio of 4 (Kelly et al., 1998).
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Drinking Water Quality as Influenced by the Cropping

System
M. D. Doumbia’, A Sidibé', M. Koné', A Coulibaly', R A Kablan>, and R S. Yost’

1 Laboratoire sol-plante-eau, Ingtitut d’Economie Appliquée, BP 438, Bamako, Mdi
2 Universty of Hawaii, 1910 East West Road, Honolulu, HI 96822

Abstract

Water samples were collected from wells in two villages located in two contrasted
agricultural zones of Mdi to assess the impact of cropping systems (inputs) on the quality of
drinking water. The first village, Dougouba, is located on sandy soils under permanent millet
cropping system. The second village, Dampela, is located in Southern Mdli, on loamy soils
under very intensive cotton cropping system. Collected water samples were analyzed for pH.
N, P, Ca, Mg, K, and Na

Concentrations of P, Ca and Mg were low as 0.04 mg P L, 0.02 mg Ca L, and
0.01 mg Mg L. Highs variations were found in the concentration of mineral N (0.25 to | .00
mg L), K (12.5 to 200 mg L'l), Na (5to 40 mg L"), and the values of pH (5.5 to 7.5).
Higer concentrations of N were found in water samples fi-om Dampela. Higher
concentrations of K and Na were fond in the sample fi-om the sandy soils of Dougouba.

The data presented here are just preliminary assessments. More literature review and
research are needed to validate these data.

1. Background

The low inherent fertility and fragility of Malian S0ils (Wilding and Hossner 1989:
Doumbia et al, 1993, 1998) coupled with factors such as erratic rainfall, continuous removal
of nutrients under traditiona cropping Systems, lack of crop resdue management in
traditiond systems cultivation of margind lands, minimum or lack of soil conservation
practices in traditional systems, the needs for firewood, and traditiond pastora systems have
resulted in soil degradation and yidd reductions (Van der Pol, 1992; Kieft et al., 1994).

Despite the above constraints cotton yield in the cotton cropping system of Southem
Madli has gone fi-om 200 Kg ha' (early 1960's) to 1300 Kg ha” (Traore, 1995). Yield
projections of 1500 — 2500 Kg ha™ have been made. These yidd increases are due to the use
of variable rates of chemicd fertilizers (200 Kg ha'*), organic sources of nutrients (1~ 5 Mg
ha), herbicides (1 = 3 L ha*) and insecticides (6 — 12 L ha™). After more than 30 years of
cropping practices involving the above inputs, very limited information is available on their
impact on the environment. This ressarch attempts to initiate an environnementa impact
eecacement study Of these cropping systems on grormdwater quality.
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2. Objectives |

The generd objective of this reéearch was to assess the impact of cropping systems
on the environment. The specific objective was to assess the impact of inputs on the quality
of drinking water (from Wélls).

3. Materials and Methods

Villages were sdected from  contrasting agricultural zones. The first village
Dougouba, is located in Centrd Mali, i sandy 0ilS under permanent millet cropping system.
Farmers of this village use several sources of manure, but use neither chemicd fertilizers nor
pesticides. The second village, Dampela, is located in Southern Mdi, on loamy soils under
very intensive cotton cropping system. Farmers of this village use not only high rates of
manure and chemicd fertilizers, but alsp severd treatments of insecticides and herbicides.

Families sdected (25) a Dougouba for the baseline evduation of the Soil
Management CRSP were retained for this study. That evaluation colects socio-economic and
cropping Srategies data on these farmers. At Dampela, 25 families were dso sdected on the
besis of their participation in on-going survey of cropping systems.

Water samples were collected from wells (in September, when most of the chemica
inputs have assumedly reacted), usng locd materids traditionaly used.

Collected water were andlyzed for pH, N, P, Ca, Mg, K, and Na according to
procedures suggested by Sparks et d. (~199).

4. Results and Discussions

Concentrations of P, Ca and Mg were very low, within and across villages. These
concentrations were as low as 0.04 mg L™ for P, 0.02 mg L* for Caand 0.01 mg L" for Mg.
These vaues need to be compared to threshold concentrations.

Concentrations of mineral N are presented in Figure 1. These fi-equency histograms
show high vaiations in the concentration of mineral N in drinking water samples (0.25 to
| .OO mg L™). Higher concentrations of mineral N are shown for the samples from Dampela,
the ste under intense cotton productioh None of the nitrate levels are dangeroudy high a
the moment.

Concentrations of K are presented in Figure 2. Here again, these frequency
histograms show high variaions in the «ccentration of K in drinking water samples (125 to
200mg L™). Higher concentrations oK are shown for the samples from Dougouba, the site
with sandy oils under permanent millet cropping systems, These higher rates may be due to
leaching of K from manure applications (the only input used in the cropping system beside
seeds).

Concentrations of Na are pr%?sented in Figure 2 Here also. these frequencs
hisograms show high varigions in the concentration of Na in drinking water samples (5 to
40 mg, L™). Higher concentrations of Na are shown for the samples from Dougouba. These
higher concentrations may be due to the impacts of household activities carried out near
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The pH of collected water samples are presented in Figure 4. Here adso, these
frequency histograms show high variations in the pH of drinking water samples (5.5 to 7.5).
‘Higher pH vaues are shown for the samples fi-om Dougouba. These pH vaues cor-relate well
with the higher concentrations of Na reported for these samples (Figure 3).

5. Conclusions and Perspectives
Conclusions

Concentratlons of P, Ca and Mg were low as 0.04 mg P L', 0.02 mg Ca L, and
0.01 mg Mg L. High varlatlons were found in the concentratlon of mineral N (0.25 to 1 .00
mg L"), K (12,5 to 200 mg L"), Na (5 to40mg L’ 1, and the values of pH (5.5 to 7.5).

Higher concentrations of N w%re found in water samples from the loamy soils of
Dampela under intensve cotton cropping system. Higher concentrations of K and Na were
fond in the sample from the sandy soils of Dougouba where the use of manure is probably
higher.

The data presented here are ]usﬁ preliminary assessments. Data have yet to be found
En order to compare the concentrations ‘of the above eements to threshold values.

Perspectives

There is a need for further analysis of the data or collection of more data to explain
the high vaiability found not only within samples from the same village, but also between
samples from the two villages. \

Future works on this activity will be implemented in the same villages, but thorough
sampling in each household may be desirable for better understanding. The use of atool such
GPS may help in both the data collection process and the trends in concentrations.

Thorough analysis of the water [sample is aso desirable. In fact, components such as
heavy metds and biologica activities are important in evaluating the impacts of cropping
systems on the environment, especially the quality of drinking water.

There is dso a need for methods for laboratory analysis of the samples. A literature
review Will be requested from our collaborators & the University of Hawaii on this issue.
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Report of the Field trip to the Koutango and Nioro Sites
M. Diack, ISRA Senega

As part of the workshop program, the field trip gave an opportunity to the participants
to visit the Koutango and Nioro sites/where the InterCRSP experimenta plots were
located.
TH 30 am

The visitors left Kaolack for the Koutango ste, 69 km, South-west from
Kaolack.
9H 05 am
They arrived at the ste and were introduced to Mr. Mansour Déme, field worker and
owner of the field by Dr. Modou Séne. A nutrient management progam is being carried
out on rice under rainfed. Rock phosphate and phosphogypsum as P and Ca sources
and manure are the fertilizer forms used in the experiment (see papers).
Severad quedtions about the perception that farmers have on the phosphogypsum
progam, initiated by the Government of Senegal, were asked.
Was the phosphogypsum efficient as fertilizer?
Yes, and | am also using it to control salinity, replied Mr. Déme.
What ifthe Government stopped providing fertinzer freely?
[ will purchase it, he said.
Beside rice, Mr. Déme grows vegetables because water is available

The site is within an interesting valley for which ISRA intends to run a research
and development program under lowland conditions. Dr. Diack, coordinator of that
program, presented preliminary data obtaned from both socio-economic and
hydrologic surveys conducted in the valey. The data showed a great agricultural
potentid of the valey. However, soil ‘constramts such as sdinization, acidity and water
management need to be addressed.i From the socio-economic sandpoint, villages
edablished around the valey are organized into 57 groups based on economic
interest. The R and D program will be carried out by a multidisciplinary team
composed of scientists from ISRA, thF University of Dakar and an NGO.

OH 45 am.
The participants left Koutango for the Nioro Research Station, second Site

11H 45 am.
As they arived at the Research Station, the participants were introduced to the loca
saff by Dr. Modou Séne. The visit started with experimental plots amongwhich the
Piliostigma reticulatum trial under peanut/millet rotation, a second trial where rock
phosphate and phosphogypsum as P and Ca sources and manure were compared under
a peanut/millet rotation and a third experiment combining nutrient management and
water balance (see papers). The parficipants also visited the small dam implemented to
control runoff/erosion in the watershed.
For each trial, severa questions were asked, leading to important discusson.
From the discussion, one could appreciate the amount of work done SO far,
meaning the InterCRSP program in Senegd is going well.
1t 20 pm
The participants left Nioro for Kaolack.
2H 15 pm. Arrival a Kaolack.
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The following participants took part to the field trip:
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Russel YOST

Gaoussou TRAORE
Samuel BRUCE-OLIVER
Aminata SIDIBE

Isuaring BAPTISTA
Aminata BADIANE

Abou BERTHE
Mamadou DOUMBIA
Kevin BRANNAN

. Richard KABLA. ,

. Mouhamed KEBBEH
. Babou JOBE

. Cheikh NDIAYE

. Modou SENE

. Mateugue DIACK
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Report for themes 1 and 2

Monday, January 11, 99

Chairman: Dr. Jean Pierre N°DIAYE
Secretary: Ms. Aminata SIDIBE

The themes discussed below were pre‘peded by keynotes addresses from Dr. Gaoussou
Traore, Head of Divison & INSAH, and Dr. Russell S. Yogt, Coordinator of the West
InterCRSP Croup.

Dr. Traore gave an overview of the aCtI‘VltleS and drategic workplan of MSAH. He
indicated that InterCRSP is a program fdling into the natural resource management
program of INSAH. He insisted that InterCRSP should work under the umbrella, and
should therefore keep INSAH updated on anything regarding this collaborative
research program Discussons related this speech were on information procedures
between the West InterCRSP Croup and INSAH, the ROSELT program, and
interactions with other CRSP.

Dr. Yost gave an overview of activities of the West InterCRSP Croup. He recalled the
overdl objective of the program: natural resources management for food security and
income. As a judtification of this objective, he pointed out that food supply decreased
by 18% in the target area of the Wes# InterCRSP. There is an urgent need to reverse
the factors contributing to this declii}e in production. Dr. Yot illustrated by a dide
show some of these factors in each of the 4 countries of the West InterCRSP group.

These factors include: loss of soil organic matter, nutrient depletion, soil acidification,

soil loss by erosion, erratic rainfall,% degradation of natural tesources, etc.. These
factors were grouped into 4 mgor themes for the workplan: (i) Farm programming and
policy, (ii) Soil and water conservation, (iii) nutrient management, and (iv)
environmenta impact. Discussions related to this presentation were about locdized
manure gpplication a Dougouba (Mdi), spetid variability in a sorghum fidd a
Fansirakoro (Mdi), salt intrusion in Senegal and The Gambia, and erosion control on
hill slepes of Cape Verde.

Theme 1: Farm Programming and Country Policy
Country presentations under this theme were made for Cape Verde, The Gambia, and
Mali.

Cape Verde: Farmer to Farmer Vnsnt by Isaurinda Baptista and |sabel Anahory
In Cape Verde, 0il characterigtics, topography conditions and climate constraints have
produced a unique agricuhura system. Major constraints to this agricultural system are
salinity, |0ss of soil organic matter , and soil erosion. Inter farmer visits were organized
to exchange views on techniques used by farmers to dleviate these constraints, These
vistsin different areas were successful and farmers suggesied thet this type of activity
isworth repeating.
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Discussons related this presentation were on soil types, drip irrigation, seil erosion
measurements, and the benefit farmers get from interacting amcmg themselves. It was
recommended to increase the frequency of these “farmer-to-farmer” visits.

The Gambia: Adoption and Farm Level Impact of Improved Fertility
Management Technologies in the Sudano-Sahelian Zone of The Gambia by

Mohamed Kebbeh

Low inherent soil fertility and decreasing levds of chemicd fertilizer use have partly
explained the significant dedine in crop yidds in Gambian uplands. Researchers are
attempting to address this problem by evaluating dterndive soil fertility management
drategies in eastern and western Gambia. Whole farm models are developed to assess
the adoption and fam level impacts of combinations of organic and inorganic
fertilizers. The results of the smulations show positive response to chemicd fertilizer
price changes. For example, area undfer millet would increase dragtically, at the expense
of groundnut and maize, with a 25% decrease in chemical fertilizer prices.

Discussions related this presentation were on The use of value/cost ratio in compatison
with the model described in the presentation and the relevance of changes in the prices
of fertilizers. Such a change of 25% decrease was thought unlikely as chances for
fertilizer subsidy or tax cut on fertilizers are very slim. It was suggested to address
issues such that: (i) who will adopt the tedmology? (ii) what will be adopted? (iii) what
proportion of the technology? (iv) how sustainable is the technology? In addition, it
was suggested t0 conduct this type of evaluation in each country of the West

InterCRSP group.

Mali: Improving and Sustaining Feod and Raw Material Productiion in West
Africa: A Participative Rapid Rural Appraisal in Fansirakoro by Russell S. Yost
and Abou Berthe

A participatory rapid rurd gppraisd (PRRA) was conducted to provide a baseline
information on the farming systems found in the area of Kati (Mdi) in order to
establish research priorities for the InterCRSP project. According to farmers, yidd
decline was due to diminishing rainfall, lack of moisture, reduction of the dengty of
trees, reduction of organic matter iimthe soil, and increased mn-off. It was concluded
that the main agricultural production constraints are related to soil and water
conservation and management. Recommendations to dleviate the above constraints
were divided into 2 recommendation domains, one representing 30% of the farmers
and the other representing 70% of the farmers (very resource-poor farmers.

Discussons relaied this presentation were on the lack of information on organic
fertilizer production, the method used. to conduct the PRRA, the definition of
recommendation domains, and steep hillside faming in the area.
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Theme 2: Soil and Water Conserv ion
Country presentations under this theme were made for Mdi and Senegal.

Mali: Improving Food Production in Subsistence Farming Systems in
Fansirakoro and N,Tentoukoro b [IA. H. Berthe, S. F. Traore, B. Traore, C. D.
Kamissoko, B. Guinde, R A. Kablan, and R S. Yost.

An on-farm trial involving 10 farmers in both villages of Fansirakoro and
N, Tentoukoro was conducted to evahuate the effect of different fertilizer management
systems on the productivity of sorghum. Ear and grain yields were not datidticaly
different. Farmers ranked the treatm%irts, according to visual assessment, the combined

manure/fertilizer firs. the manure second, and the check last.

Discussons related this presentatior were on a yidd increase of 400 kg of sorghum
gran per ha, the treatments of the experiment, the variability and the significance of
seme Of the data collected.

Senegal: Effect of Manure and P Source Fertilizer on Water and Nutrient Use
for Main Cropsin Senegal Peanut Basin by M. Sene, M. Diack, and A. Badiane.

A long term experiment was initiated to evaluate the effects of severa combinations of
phosphate rock and phospho-gypsum on water and nutrient use for severd crop in the
Peanut Basin Of Senegal. This experiment is going on for the second year. The data
generated so far show little impact of the trestments due to the low solubility of the
Taba phosphate rock and the limited nutrive vaue of tbe phospho-gypsum (it is
however reach in calcium and sulfur’

Discussions related this presentation ere on the relevance of long term experiment on

this InterCRSP project which “quick-results-to —the-farmer” oriented, soil properties,
and phospho-gypsum issues.

Tuesday, January 12, 99
Presentations Of Sesson 3; Nutrient Management
Cape Verde Isaurinda Baptista

Effect of Organic and Inorganic 1 -tilizers on: the nutrient status and yield of
dry land crops (maize and beans)

Objectives : 1) to evaluate the effect [ beth chemical fertilizer and anima manure o
crop growth and yidd ;
2) to improve soil condlitions both physically and chemically.

Conclusion
The trial was not followed to the end because of crop failure due to drought.




I 143

However, the manure plus fertilizer out-performed other treatments with the highest
dry matter yield of 3.92 Mg/ha compared to 2.27 Mg/ha for the control.

It was suggested to continue the study under favorable moisture conditions so as to
meet the objectives.

Discussion ‘

Question 1 : Why was it that you apply organic fertilizer ? Is the soil degraded ?
Answer : We were interested in the long-term effect, but the soil at the Ste is not
degraded.

Question 2 : Why did you apply 20 t/ha of manure ?

Answer : It is the rate that is recommended.

Question 3 : How was the manure handled ?

Answer : There is no special management. It was just collected from pens and
trangported to the field for application.

Question 4 : s there any marketing on manure ?

Answer : No, but we brought the material for our trial from a farm.

Question 5 : There gppears to be inconsistency in the measured vaues from organic
matter for the control ?

Answer : Yes, I've redized the inconsistency. Hope to look at it again.

Question 6 : Why cow manure per se ?!

Answer : Cow is most commonly used, but poultry manure is also available but not
used on large because it bums the crops.

2. Mali : Aminata Sdibé ?

Phosphorus Buffer CoefTicients of Selected Soils of West Africa

Objective : To validate P buffer coeﬁic}ients predicted by the Phosphorus Decision
Support System (PDSS) modd.

Conclusion : Pbuffer coefficients determined fi-om the model were not significantly
different fi-om those of the incubation studies. However, the clay soils tend to have
lower coefficients with the incubation method. Further study is needed to investigate
this effect.

Discussion

Question 1: Whet type of clay mineralogy are your soils ?

Answer : Modly kaolinite (1: 1) clays.

Supplement : Upland soils in Mdi have fixation of 12 g/kg and the Smectites of the
lowlands fix at the rate of 150 g/kg.

Question 2 : Did you andyze for ¢lay mineralogy ?

Answer : No, we do not have the capacity. However, we can always send it to the
other labs for X-ray diffraction. |

Mali : Mamadou Doumbia
Nutrient Balances under Contrasting Millet Cropping Systems
Chject. ve - 10 estiiate nutiient Ludgets under threc mille, cropping systems in Mali.

Conclusion : All three cropping systems registered negative nutrients balance but it
was highest under the cotton based cropping systems.
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Discussion :

Question 1 : What is your present strategy for soil fertility restoration ?

Answer : No particular one as yet because we are just starting. However, we are
currently looking into composting with rock phosphate, chemical fertilizer and
improved manyre storage.

Question 2 : How do you account for Soil input ?

Answer : There are different approaches

1) Input as amendment - output (crop removal)

2) Initial level + addition = output.

Question3 : Do you have amethodology 1 can use ? 1 want do asimilar study in Cape
Verde ?

Answer : As I said, there are different approaches. You use the method most
appropriate to your conditions. We will however talk more.

Quedtion 4 : What would you recommend ?

Answer : We are not yet ready with the data. We have to |00k at it again and if funds
are available, we will continue the work.

Senegal : Mateugue Diack
Use of Piliostigma reticulatum (local shrub) to improve upland soil conditionsin a
millet/groundnut rotation system.

Objective : To evaluate the influence of Piliostigtna reticulatum on the soil qudity and
crop yied.

Conclusion : Trial implementation in process. Results obtained so far suggested
decomposition of plant parts to be faster under fild than laboratory incubation
conditions. It was either that soil microbes were excluded from soil during sample
preparation for laboratory incubation or the soils are biologically degraded.

Discussion

Quedtion 1 : Why was millet yields too low ?

Answer : The millet crop was lately planted coinciding with dry spell.

Quedtion 2 : What was the methodology for N analysis during |aboratory incubation ?
Answer : We used the classica method, but one has to do it fast under optimum
temperature.

Question 3 : How can animd traction |be adapted m managing the residues of this
srub ?

Answer : Animd traction is not an obstacle in the management of shrub residue
especidly at weeding when the re-growth is tender and gets incorporated reedily for
faster decompostion.

Senegal : Modou Séne |
Use of Phosphogypsum (PG) to correct P deficiency
Objective : to evaluate PG against Rock Phosphate

Conclusion : No response by comin the firct year.. For second year, oroundnut pod
yidd was mogt sgnificantly increased by lime done treatment followed by trestment
combinations containing more by ratio of PG than RP.
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Discussion

Question 1 : What liming materia did you use ?

Answer : Calcium oxide (Ca0) a 400 kg/ha.

Question 2 : Are there several forms of PG ?

Answer : There are different types of RP but PG is a by-product of RP.
Quedtion 3 : What isthe variability in PG ?

Answer : I cannot tell you now. We are still working on the deta

Comment : PG sent to M ali contains 1% P-Os and 38% CaO.

Question 4 : Did you assess PG on biotogical N fixation.

Answer : No.

Comment : A work with RP which had positive effect on wr was recalled.
Question 5 : What was your initid soil exchangeable cacium test ?

Answer : 0.6 meq/100 g of soil and rose to 0.8 after amendment.

Comment : That may explain the superiority of lime and PG in increasing pod yield.
Groundnuts will likely respond to calcjum in soil with less than 1.0 meq/100 g of
exchangesble cdcium

Mali : Mamadou Doumbia
Environmental Impact Assessment Study

Objective : to assess the impact different cropping practices have on the qudity of well
water.

Conclusion : Minima levels of nitrate and phosphorus detected but elevated levels of
potassum and sodium were tested in water.

Discussion .

Suggestion on methodology for such gssessment were mvited.

Comments : |

1. You need to measure electrica conductivity (EC)

2. There is a threshold vaue for P forilake eutrification but not for drinking water

3. Identify proximity of locations to wells where human activity are possible source for
contamination

4. Group wells by locations,

The Gambia : Babou Jobe

An Integrated Fertilization Study of the Groundnut/millet rotation system of
North Bank Division

Objective : 1) to assess changes in crop response { biological and economic vields) due
to different soil amendments
2) to assess changes in soil properties due to different soil amandements.

Coiiclusivs : Regardicss of the ty, v of manu;;, manure plu, fertilizer iufluence crop
yield and soil properties pore positively than fertilizer atone. To manage fertilizer well
for reasons of cost and environmentd integrity, it's best to explore the complementary
effects of manure plus fertilizer. There is also a need to improve on the trangportation
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and fidd handling of manure in promoting large-scale adoption of manure use for fidd
crops

Discussion : ‘
Quegtion 1 : Was this a station or on-farm experiment ?
Answer : This was a research-managed on-farm trial.

Quedtion 2 : What was the initid soil P level because the control yielded more than |
tha?

Answer : Theinitid P test is not shown here but still the significant increase in yied
due to s0il amendment may indicate that the initid P supply may be below optimum

Question 3 : How did you get to this regression equation ?
Answer : These were derived from contrasts and regression from 20 points and not
from 5 point-mean data.

Question 4 : Why was combined analyéis on performed on two ste ?
Answer : Only these two sites were compatible for combined andyss following test on

homogeneity of variance.

Question 5 : Why was not the Split-plot design used instead of the RCB factorial 2
Answer : Split-plot measures interactions better than main effects and is best gpplicable
when large differences exist among main factors. This certainly cannot say among the
man factors here. Also, the added advantage of factoriad RCH is that it measures both
main effect attd interaction effect withi lequal precision.

Question 6 :What do you mean by Xmax ?
Answer : By Xmax, 1 mean the amount of input needed to obtain maximum response.
It only indicate trestment effect not optimum or economic levd.

Question 7 : In what form was the coxi:v manure ?

Answer : The cow manure was in the dung form not with bedding/litter as farmyard
manure. It was reduced into smdler fragments to increase surface area for fagter
decompostion.

Project Activity Planning 1999-2000

Virginia State University : Kevin Brannan
Runoff Modeling with the KINEROS model

Use: 1) Compare practices
2) Assist in desgn and locating practices in watershed
3) Assist in monitoring

Discussion [

Question 1 : Can the model be adopted under the structures we have i Cape Verde !
Answer : Yes, the structure I saw in Cape Verde like stone wall dams across channels
because they have geometry.
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Question 2 : How can the Gambia benefit from the model in terms of information on
topography such as slope for cost/benefit anaysis of erosion control practices.

Answer : T was involved in lots of modding with the U. S. Soil and Water Conservation
services and. the information can be used by economigts for use in cost/benefit andyss.

The Gambia : Mohamed Kebbeh
Farm Level Economie Programming/Policy

Applications: 1) evaluate the performance of improved technology
2) effect of risk
3) Questions of adaptation (who, what and how much).

Discusson

Quedtion 1 : From your andyss in Gambia, fertilizer price is an important constraint to
fetilizer use. This is important in thfe issue of soil nutrient mining. Wha we do to
improve policy on fertilizer ?

Answer : We should try to make policy makers involve in the andyss and use of
results. But how do we get the results to policy makers ? May be they should be
exposed to fora like this.

Comments : It isa key issue and at this level, has been discussed at various cycles and

a vaious levels even up to presdentid. But, gill the issue of making fertilizer
affordable. It may also be useful to consider famgate prices. For example, Gambia
increased producer price for groundnut last year by 21% and fertilizer use is picking
up. Farmer organizations can be very effective in pressuring governments to improve

policy on inputs.
Recommendations

1. To harmonize methodologies on thematic InterCRSP field studies :

2. To shorten research cycle as most of the topics being looked a now have been
previoudy worked on and dso if negative impact is not envisaged of technology
being developed ;

3. Researchers argued in favor of long-tem studies in order to be sure of what effect
the developed technology would have on the environment ;

4. Mamadou Doumbia should use the results of nutrient balance studies to advice
farmers of the implications of their practices on their soil qudity ;

5. Need to explore agroforestry to forq‘ify gondine for runoff control :
6. Need to explore biologically oriented cropping systems such as improved falow and

intercropping with high N fixing legume species for both soil fertility mantenance
and soil and water conservation.
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Minutes of the plenary session of InterCRSP

Thursday, Jenuary 14 th, 1999 ‘

Chairman: Dr. Samud Bruce-Oliver
Secretary: Dr. Abou Berthé

Dr. Yogt in his introduction asked if ¢ juntries have specific problems to discuss before
he can move on project activities for th|z 3 years. He noticed that he has be~n involved
in meeting with each country represent itives except Mdi to discuss budget. He will
discuss this matter with Mdi represent; tives in Bamako.

Representatives of country asked more|informations about the following topics.
1. Baptista (Cap Vert) : When we can S :nd receipts about expenses ?

Dr. Yost : You can send receipts a expenses are going on. Bank transfer can teke
at least 2 weeks.

Dr. Bruce:  1think it will be better { » indicate deadline to use funds by the time Dr.
Yos gets to hawaii. Th: budget has been cut to 60% in Year 2. It is
possble to use the fund: of the project to cover adminigrative and
management codts (e-mi i, fax, etc.,:)

Dr. Yost : of course you can. For xample , nutrient balance can be funded on on-
farm trids. 1 advice you to combine activities across tasks in a very
efficient ways to fit your stuation.

Dr. Traoré Gaoussou : Do you h Lve any mechanism to talk to the East group.
You mig t have a combine workshop in Bamako.

Dr. Yost : | talked to the East group, but in an informal way. We need to work
with INSAH for identifying the group. We might need some
trandation. The workshop cannot be in english next time.

Dr. Badiane : Themain financial problem of the project is overhead costs. We are
using dl facilities a ISRA to make the project running.

Dr. Kebbeh : I suggest that 10% of Funds can be used for overhead expenses.
Dr. Yost: If there is some consensus, we might congder that Stuation.

Dr. Sene: Is it AID rules not have overhead.

or. Yost: 1 think it is dlowed. Perhaps, 1 will be very happy to look for that. You
aresuggesting 10%.
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Dr. Badiane: The other problem is the hill. We need fimds to run. The labor cannot
wait. They should not cut the funds. This year for example we will be
doing our PRRA.

Dr. Yost: Receipts in our financial department are not too redtrictive. 1 have
nothing to do with thi$. You should be consstent with your accounting

system.
|

Dr. Bruce: At least you give initid money to dart with the activities Afier that
iniid fund, the system of prefinancing will go on.
|

Dr. Sene; We arein year 2 now?, When year 1 did start.

Dr. Yost: First year was from m#y 1" 1997 to April 30 ™ 1998. We had our trip
in October 1997. All activities for year 2 should end by September
1999. 1 don’t have a straight answer. You should spend dl year 1 and
year 2 finds by March 30 to avoid cutting. We got cut before, we
didn't spend all the money.

Review of project tasks, present mam%, factors causing present status and revised
completion date

Objective T as k s Expected Output
1. Evaluate farmer PRRA Report, Workshop presentation
practices

Annual workshop in Year 2000, January 10 - 14
Training task 33: cross vists consultancy reports, improved skills and programs

50% costs to be coverd by receiving country
50% cost by InterCRSP Headquarters

Modou Sene : I would like to see cross vists as al groups getting together to vist
project activities in a country

Dr. Gaoussou Traoré : I like cross vidts. Even you have locd expertise you
need to ring in somebody. You can try aso E-mail conferences among
the group. |

Annua work.shop pappers : Due date December 20°
Workshop proceedings : ~ March 1, 1999

Annud reports July 15, 1999
Dr. Gaoussou Traoré :If you want your results to be largely disseminated, they should

Loin french,

Dr. Sene : Papers for Gambia should be in English
Madi and Senegd :  French
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Cap vert : Portugese

Dr. Brannan : Extenson fact sheets should be in national langages, but scientific
papers might be in englich

Abstracts : English and french for paper executive summaries
Cut-off date for reports Febl, 1999

Forword for proceeedings will be made by Dr. Yost.

Comments ,u Workplan needed: February 1, 1999

Workshop proceedings: April, 1999 (due date)

Annual reports (progess report) July 515. 1999 . Will have to submit for September 1”.

Annual workshop papers, due date for workshop papers , Jan 31, year 2000 in
Bamako?

Country Workplan presentations

Senegal

Kineros modd, PRRA
Crossvisit t O U T

Yost: Farm level economic programming
Badiane: Kebbeh will give us the formula and data requirements. Qur economist
can NM the model.
Bruce: Are you doing farmer to fi-amer visit
Badiane: Yes, we do.
Mali

- Farming system research and natural resource
management

1. Task 26 Estimates of runoff and soil loss in Mai OHVN zone (use of Kinero's
modd)

2. task 2.14 Fam levd economic programming

3. Task 3.23 On farm trial
(manure extender)
- contour lme cultivation
vegetating stone lines
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4. Task 4.26 Farmer to farmer vist (contour line farming, organic matter
production, agroforestry)

5 task 429 Field days diffusion (1 und table discusson with NGQ’s ,Extension and
commodity research, etc. .)

- Nutrient Balance

. Soil fertilii restoration

PR&PDSS (SM activities)

2. Environmentd impact assessment

3. GIS data development, componen:  of other activities

Gambia

- Nutrient balance study (Njaba Ku da)

Farm level economic programming (incorporate other crops into the moddl)

« Acidification study

- Runoff/soil eroson sudy: benefit :ost andyss for different eroson control
drategies

On-fram trails
Pre-extension fram trids of the m rient management study at Njaba Kunda
Assess the stability of the technology across different farm conditions.
Framer to farmer vists.

Impact analysis

- Environmental impact study

Dr. Gaoussou Traoré (INSAH)
[ don't see the rdationship of your ‘orkplan and farmers needs.

Diack: What are the norms for water [uality?

Kevin: Maximum contaminated level i 10 ppm for Nitrogen
They are well established for pesticids

Dr. Yost: some pesticides are known ) be leachers. Pesticides are difficult and costly
to analyze. You can make a list ofpe :icides used in CMDT zones and we wil rank

them as leaching or as no leaching.
Minimum concentration level (md) is et for alot of pedticides.

Cap Vert

- Nutrient balance study (com, pea it, beans and banana) at two locations
I need some references on that w« k.
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Available references are from: Gigou, 1980°s and Pieri 1978 in Senegdl
(Agronomie tropicae)

anding

Van der pool and Nick in Mdi

- Runoff gudies (Kinero’s model)

- Farm level econmoic programming & adoption studies

- Environmentd inpact study (salt intrusion and pesticides)

- On-fram trials (two locations)

- Integrate crop and forage systems, (biomass yield and build-up of SOM)
- Framer to fi-amer visit

Regiona impact (GIS cover of the watershed)

Badiane meet deadline

Dr. Gaoussou Traoré (INSAH):

- send areport to INSAH

- Bring others groups for next year workshop

- Internal discussion of reports in each country before coming to the group.

Dr. Bruce: Take an opportunity to thiank al participants, Badiane, people to Kaolack.
Thank you very much again
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List »fParticipants

Aminata Niane Badiane

[SRA-DG, Route des Hydrocarbures
Bd Air, BP 3120, Dakar, Senegal
e-mail: aminiane(@ns. arc. sn

Tel.: (221) 832 24 31/ 832 24 28

Isaurinda Baptista

INIDA, CP 84

Praia, CAPE VERDE

emal: inidacv@mailtelecom.cv
Tel.: (238) 71 1127

Fax: (238) 71 11 33

Abou Berthé
ESPGRN/Sotuba, BP 9030
Bamako, Mali
emal: aberthe@Malinet.ml

Kevin Brannan

Biologicd Sysem Enginesring
Virginia Tech.

Blaeksburg, VA 24061 - 0303
emal: kbrannan@vt.edu

Tel.: (540) 231 2145

Fax: (540) 231 3199

Samuel  Bruce-Oliver

Nationa Agricultural Research Inst mute
PMB 526

Serrekunda, The Gambia

e-mail: sbs@qanet.gm

Tel.: (220) 48 49 25/ 48 49 31

Fax: (220) 48 49 21

Mateugue Diack
ISRA/Saint-Louis, BP 240
Saint-Louis, Senegal

Td.: (221) 9611751

Fax: (221) 961 18 91

Mamadou D. Doumbia
Labosep/IER, BP 438
Bamako, Mdi

e-mal: madu@labosep.ier.ml
Tel.: (223) 24 61 66

Fax: (223) 22 37 75




Babou Jobe

Nationa Agricultural Research Institu e
PMB 526

Serrekunda, The Gambia

e-mail: babjobe@qanet.gm

Tel.: (220) 48 49 31 /48 3163

Fax: (220) 48 49 21

Richard Kablan

University of Hawaii

1910 East West Road,

Honolulu, HI 96822

e-mall: rak@hawaii.edn

Tel.: (808) 956 68 83/ 946 94 21

Mohamed Kebbeh

Nationd Agriculturd Research Institu |e
PMB 526

Serrekunda, The Gambia

e-mal: mbkebbeh@qanet.gm

Tel.: (220) 48 49 31 /48 31 67

Fax: (220) 48 49 21

Cheikh Ndiaye
CARITAS/Kaolack

BP 482

Kaolack, Senegal

e-mail: caritaskl@ns. arc. sn

Tel.: (221) 941 20 30/ 941 27 30
Fax: (221) 941 35 34

Jean Pierre Ndiaye

ISRA/DG, Route des Hydrocarbures
BP 3 120, Bel-Air

e-mal: jpndiaye@isra.refer. sn

Tel.: (221) 832 24 28

Modou Séne

ISRA/CNRA, BP 53

Bambey, Senegal

e-mall: isracrak@syfed.refer. sn
Tel.: (221) 973 60 50

Fax. (221) 973 60 52

Aminata Sidibé
Labosep/IEE, BP 138
Bamako, Mali

emal: ami@labosep.ier.ml
Tel.: (223) 24 61 66
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Gaoussou Traoré

Ingtitut du Sahel, BP 1530

emal: gaoussou@padres.insah.ml
Td.: (223) 234067

Fax: (223) 22 59 80

Rusel Yost

University of Hawaii

1910 East West Road,
Honolulu, HI 96822
e-mal: rsyost@hawaii. edu
Te.: (SO 956 70 66
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Programme of the Imtercrsp West group workshop
Kaolack, Senegal January 11-14, 1999

Sunday januray 10, Arrival of the participants and departure for Kaolack
Monday, january 11,

9h30 -~ 10h15 : Opening ceremony
. Dr. Russel YOST
- Dr. Gaoussou TRAORE
- DG/ISRA

10h15 -~ 10h30 : Coffee break
10h30 - 11 h30 : Keynotes adresses

Chairman : Dr. JP. NDIAYE
Secretary : Ms. SIDIBE

10h30 - 1 Ih : Dr. Gaoussou TRAORE
1lh--11h30: Dr. RusHl YOST |

Theme l: Farm Programming and jC,o,untry policy

11h30 - 11h50: Cape Verde

11h50 - 12h10 : The Gambia

12h10 -~ 12h30 : Mdi

12h 30 - 12h50 : Senegd

12h50 - 13h30 : Generd Discussons
13h30 ~ 14h30 : Lunch Bresk

Theme 2 : Soil / Water Conservation

14h30 ~ 14h50 : Mdi

14h50 = 15h10 : Senega

15h 10 = 16h30: Discussons
Tuesday, january 12 *

Chairtnan : Dr. Gaoussou TRAORE
Secretary : Mr. Babou JOBE

Theme 3 : Nutrient management

9h - 9h20 : Cape Verde

9h20 - 9h40 : The Gambia

Oh40 - 10h20 : Mdi (2 présentations)
10h20 - 1 1h00 : Senegal (2 presentations)
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11 h00 - 1 1h20 : Break
11120 ~ 13 h 00 : Discussion
13h00 — 14h00 : Lunch bresk

Theme 4 :Environmental Impact

14hO0 - 14h20 : Mdli
14h20 -~ 14h40 : Discusson

Theme 5 : Project ActivitiesPlannig‘ g

14h40 ~ 15h15 : Runoff’Erosion Control (M. SENE and K. BRANNAN)
15h15 - 15h45 : Nutrient management (M. DOUMBIA)

15h45 - 16h15 : Farm level economic programming/policy (M. KEBBEH)
16h15 - 17h30 : Discussion (GIS)

Wednesday, janusry 13 *

7h30 - 13h30

Fidd trip : Nioro and Koutango Sites
Thursday,january 14 *

Plenary sesson

Chairman : Dr. Samud BRUCE-OLIVER
Secretary : Dr. Abou Berthe

9h00 - 10h30 : Project management (]RYOST )

10h30 - 10h45 : Bresk

10h45 — 12h45 : Countries presentatlons (Plans and Taks)
12h45 - 13h30 : Wrap up meseting

13h30 —14h30 : Bresk

15h00 : DEPARTURE from KAOLA(C K




