
REVIEW OF RESEARCH EFFORt BY 

ICRISAT/SAFGRAD IN MALI 

A.C. CUNARD
 

INTERNATIONAL CONSULTANT AGRONOMIST
 

This repor-t shotuld be read 
in conjunction with Report 

of Activities of Agronornisl/Exieriionist Cunard: 

Evaluation of Technical -fhemes, OM!. 

The figures (1979/22) refer to hlhe year of t;ie ICRISAT 

report and 1he page. 

November, 1982
 



The Sahelian farmer is master of his harsh unfriendly land, having developed
 

traditional agricultural and socio-cultural systems supremely adapted to
 

the environment, that have enabled him to survive over centuries. The 

only thing that destroys him i s tLhe lack of rain which brings drought 

against which he cannot battle. To help him, systems will have to be 

developed that function and perform better than his does, under the same 

difficult conditions and based resources which heon can afford and handle. 
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ICRISAT: 
 PLANT BREEDING AND SELECTION
 

"Food crop researchers working for fifty years on the research station
 

that is 
found in the ON zone could not have answered that question (whether
 

rock phosphate would significantly increase yields in the dry fifth region)
 

with the 
same degree of precision as we could in three years of farm-level
 

trials."
 

JERRY J. JOHNSON: ACPO, SAFGRAD
 

Final Report, 1982
 



:c 'dfl: PAant lntroiu- om
 

In the early part of the research effort 
 there were a considerable number 

of plant introductions under various programs 
 - SEPON (Sorghum Elite Progeny
 

Observation Nursery); ISPYT 1 
 and 2 (International Sorghum Preliminary Yield
 

Trial); ICRISAT (Upper Volta Selections); Texas A&M Selections; 
 other in­

troduced material from the World Sorghum Collection, National Indian Program,
 

National Honduran Program and IRAT. 
 In addition,there was also outstanding mateial
 

that had been 
tested and proved in other programs - such as in the IRST-3
 

(International Striga Resistant Trial; 
 STVT-l (Striga Virulence Trial); ICRISAT/ 

RSYT - (Regional Sorghum Yield Tria.l). 

From all these programs, varieties showing promise in some character or
 

other were identified, however, for one 
reason or another they were found to be
 

unsuitable and unadapted. One example is the hybrid medium cycle sorghum
 

AT x 623 x 116]0 which gave highest yield performance in five sites over 15 other 

entries. However, it 
was severely damaged by anthracnose (Colletotrichum grami­

nicola) at one site. That one occurence alone was serious enough to 
eliminate
 

it from consideration as extension material. 
Another example was E35-1, an 

Ethiopian gambella sorghum, which exhibited consistency for panicle size, full 

stands, grain mold resistance and relative tolerance for sooty stripe 

(Ramulispora sorghi). However, when the variety was extended (the clearest 

case of jumping the gun) it was rejected by 
the farmers because the variety's
 

stand establishment was deplorable under low soil moisture conditions. The
 

same environmental factor was 
responsible for the rejection of the high-yielding
 

IRAT variety CE-90.
 

Other introductionsexhibited various defects of inadaptation - susceptibility 

:o 
diseases in spite of good performance, such as severe grain molding, charcoal
 



rot and sooty stripe. Certaii introductic(nE, thouph performing well over
 

different locations, gave graL, resulting If 
 poor quality t6, 
one of the stable 
items in the Malian diet. One particularl) good entry with high grain yields, gave 

a better tasting t& because of the presence of a thick testa. Even with the 
removal of the 
testa and the subsequent fabrication of a good tasting t8, the
 

keeping quality was so poor that 
it was unacceptable.
 

In the breeding program it was found that the F1 generation was superior
 
in heterotic effects, such as 
 seedling vigor and seedling drought tolerance than 
their Malian parents (which in their turn were better than introduced sorghums). 

Plant growth was more rapid and lush and drought tolerance was superior as 
exhibited by the absence of panicle blasting. Heterosis was expressed in grain 

yield per panicle and panicle yield components, seed number and seed weight.
 

Unfortunately, the flaw in all this was the dominant turtle-back seed shape 
present in the hybrid combinationswith all the Malian sorghum races - rendering
 

grain more difficult to 
hull than the Malian Keninke grain. Grain of F1 hybrids 
with Keninke/Kende parents had a thick brown undercoat, with astringent tannin, 
rendering the grain unacceptable for food. F 
hybrids with gadiabas grew welliv
 

and lush but were susceptible to post-floral drought and charcoal 
rot.
 

A few positive gains were also achieved. The International Striga Resistance
 

Sorghum Trial and the Striga Virulence Trials carried out in infested fields
 

at Mintimbougou revealed the presence of resistance in 4 varieties (out of 
55 entries), N-13, IS 2203, IS 8686 and IS 5603. 
 These varieties which produced
 

normal panicles and seeds impressed visiting village elders, who, in spite of 
the fact that these varieties exhibited normally unacceptable characters, such 

as brown seeds, and compact ball-like heads, were eager 
to obtain seed. 
 Accord­
ing to the ICRISAT breeder, their reasoning was that some grain yield was better_­

than none at all. 

') 
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In 1979, 
a total of 92 varieties of introduced millets were tested in two
 

Malian locations under the 
following programs, IPMAT (International Pearl Millet
 

Adaptation Trial); 
 PMHT (Pearl Millet Hybrid Trial); IPMN (International Pearl
 

Millet Downy Mildew Nursery).
 

Without exception none of the varieties tested under these programs were
 

found' to be adiapted to Mali. 
 In general, they exhibited synchronous tillering,
 

uniform, early and short duration flowering with little variation in flowering
 

cycles. 'Fhe earl), 
as well as the late-planted PMHT and IPMAT trials, flowering
 

prematurely during the August raii s became infected with ergot, 
smut and
 

downy mildew.
 

Under the ICRISAT/RPMYT (Regional Pearl Millet Yield Trial) program seven
 

pearl 
millet varieties recommended by ICRISAT researchers in Senegal, Upper
 

Volta, Niger and Nigeria for good performances, were tested out in Koporo and
 

Sam&. 
 The variety CIVT (Collection Intervariftale de Tarna) which performs
 

exceptionally well in Niger gave a similar performance, the spike-it produced
 

being long and well-filled with grain;-, however, stalk strength was insufficient
 

to prevent lodging.
 

Minor	Millet Introductions
 

Among the Minor Millet introductions, Finger millet (Eleusine coracana)
 

did 	quite well, yielding about 1700 kg/ha -1 of grain, unfertilized. Apparently,
 

it is unsuitable for the making of t8 though the ICRISAT breeder suggests that
 

it Might be useful for the preapration of gruel products.
 

The potential of Finger Millat is embodied in various possible production 

situations, it may be planted in low spots in the field which are 
too wet for sorghum
 

and which dry out too quickly for rice; 
 it may be used for late season plantings
 



L, . I CLI 	 It tLA,. 1J adlh, r:,,\' trite ok, , i,.! I , \ er Lt t:dtoj ,AtI. 

crop in flood plain "dcrue" areas ol the Niper in inland lakc region situations. 

Malian visitors were very impressed with the trial plots of finger millet
 

and it is worth noting here that Eleusine Coracana is listed by the NRC* for
 

Eastern and Western Africa and India 
 as regions where it is most frequently
 

encountered.
 

General Observations on Plant Introductions
 

The general observations on Sorghum/Millet introductions into Mali may be
 

summarized as follows:
 

1. 	Too many international programs comprising an excessive number of plant
 

introductions involving high investm-nt, labor and time inputs were
 

tried out.
 

2. 	As to results, almost all the introduced varieties and the hybrids
 

resulting from crosses were found 
to be unsuited to Malian conditions,
 

in spite of good performance in some cases, for one or another of 

several reasons; susceptibility to a range of pests, diseases and 

parasites; inadaptability to soil - micro-climatic eiigencies of the 

environments of the Sahel and unsuitability for use in local food
 

preparations.
 

3. 	The highly rigorous and demanding nature of the Sahelianenvironment
 

is exemplified by the failure of millet varieties noted 
for 	their
 

performance (CIVT, SOUNA III) introduced from countries surrounding 

Mali and located in the Saheljan/Sudanian zones. 

*National Research Council, 1982: Ecological Aspects of Development in the 

Humid Tropics, USAID, p. 275.
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sorghum races and showing heterosis were defective and were unsuitable 

for introduction into Malian agroecosystems. 

5. 	 However, certain valuable agronomic and breeding characteristics have
 

been identified in some of the introduced material which could possibly
 

be 	used to advantage in future breeding programs.
 

6. The breeding process is a long and difficult one fraught with many
 

frustrations. There is no guarantee that the breeder can come 
up with
 

sure-fire varieties 
that are stable and that will solve the agricultural
 

production problems of Mali in the near 
future.
 

Evaluation of the Malian Collection:
 

Work with local germplasm was based on the testing of the Malian cereal
 

collection established by Konat6, Clement and 
Leblanc which comprised 800 sorghums
 

375 pearl millets and 125 fonios (Digitaria exilis). The studies on sorghum
 

resulted in the identification of various clear cut 
types, exhibiting differences
 

in height, panicle configuration, reproductive cycles, photosensitivity and
 

grain characteristics. 

The studies on the millets also included data collection on agronomic,
 

breeding and culinary characteristics. Susceptibilities 
to various diseases
 

and 	 parasites,such as downy mildew and Striga made.were ln the observations 

carried out on Fonio (Digitaria exilis), the characters studied were flowering
 

dates, growth aggressivity and relative grain production.
 

Characteristics of the Sorghum Collection
 

The Malian sorghum collection falls into several groups the Kenikfs
-

(Fr. guineense gambicum) with a white pericarp, tall plants and a highly variable
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western regions of Mali, with shorter stalks and pearl), white or red pericarp; 

the Gadiabas, predominantin the zones between 14' to 16' N with shorter plants
 

and more rnust than Kenink~s and Kend~s, with goose necks and pericarp ether
 

red or white in color and 
sometimes with a 
thin under-coat; 
 the Niofiontos ­

characterized by long glumes, completely covering the grain and the panicle
 

having the goose-necked character; 
 the Caudatums which are relatively short 

but the seeds having; the turtle-back shape, white pericarp and very thick under­

coats. There are also intermediate types in the collection. 

The Malian Pearl Millet Collection: 

The collection of 400 Malian pearl millet varieties was 
evaluated in 1979.
 

Selected varieties 
from this evaluation were 
tested in the following season.
 

Observations on agronomic and breeding characteristics revealed about twenty 

varieties showing promise; these are generally adaptable varieties originating 

from either the Gondo Seno or the north of Mali. 

Several millets showed outstanding promise as sources of mildew resistance, 

such as CMM 73, C l 210 and CIM 305' - all "Tiotioni" varieties already well 

knoun 
to local farmers for their mildew resistance, in addition to their ability
 

to withstand difficult soil and weather conditions. 
 CNN1 210 was proposed as
 

a breeding parent to 
transfer downy mildew resistance to 
other millet crosses.
 

Apparently production losses due to downy mildew can exceed 25%.
 

Stem-borer Resistance 

In order to evaluate the collection for stem-borer resistance it was planted
 

in Sirakorola - a site notorious for the pest. A total of 24 entries, comprising 

NCollection malienne de mils.
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stens affected by borcrs Three ent r ies 
with no infection symptoms were tested 

again in 1981 and found to show considerable resistance to the pest.
 

Striga Resistance
 

These varieties of millet, Tutuku, Djiko and Sanyoba, collected by the
 

SAFGRAD/Mali team and regarded by farmers in Kangola 
and Siby as Striga
 

resistant were tested at Mintimbougou. 
 In spite of infection, these varieties
 

showed no stress symptoms, however, two of the varieties were severely infected
 

with downy mildew. The variety "Djiko" was 
free of mildew and produced normal
 

spikes with grain. Tolerance to, rather than suppression of Striga served 
-o
 

be the operating mechanism. These varieties were to be used for crossing onto
 

other millet in 1981.
 

Positive Results
 

The most useful iesults seem to have 
come from the investigations on the
 

local Malian Sorghum and Pearl Millet Collections. Genetically based sources
 

of resistance to diseases such as 
downy mildew and charcoal rot; to insect­

pests such as 
the stalk borer have been-identified. 
Millet varieties tolerant
 

of the Striga parasite have been tested. 
All these materials have the
 

potential of being used as breeding material in future breeding programs
 

In fact, 
the 1CRISAT breeder, from his observations on the Malian Collection
 

has identified local sorghums which might be directly used as 
varieties and
 

which could be immediately exploited (1980/A-8)",
 .
 

Breeding Program Based on 
The Malian Collection
 

The ICRISAT breeder has emphasized the importance of starting with the
 

best local materials to serve as 
parents in pedigree and population programs
 

11980/A-8 refers to 
the year of the ICRISAT report and the page.
 



in o rde It b rt d sujt ahl y adpt LC'50- for a1 I. Thi s concl usi ()I was
 

probably arrived at aft er the realIzation of the value 
 of the MalIan material
 

in contrast to the failure of the 
 introduced germplasm. The 1980 SAFGRAD
 

Regional Long-Season Sorghum Trial (1980/A-9) in which four introduced sorghums
 

were 
tested against a local variety was criticized on the grounds that a full
 

scale trial was unwarranted in view of 
the fact that simple observations with
 

double-row plots would have been sufficient 
to yield the required information.
 

One is constrained to say that all the introduced material under the various
 

Internation-! Programs should have been treated in this way.
 

The ICRISAT breeder noted that many of the adaptability problems of in­

troduced varieties seemed to disappear when they were introduced as hybrid
 

crosses because they expressed homeostasis or the ability to stand andyield 

well under environmental diversity. Such were the ICRISAT/ MALl hybrids and 

ICRISAT/INDIA hybrids which were to be retested in 1981. However, there is 

no mention of them in the ICRISAT 1981 Report.
 

Under selection criteria research, work on Striga resistance was continued
 

and drought resistance studies were initiated in 1981. 
 The latter.included .-­

studies on pre- and post-emergent seedling drought tolerance and post-floral
 

initiation drought tolerance. 
 Other studies were continued on grain quality
 

which included estimations of dehulled product recovery anu bran loss of seve.:al
 

varieties of sorghum. 
T8 quality of sorghum varietie-s was evaluated and
 

methods developed for obtaining rapid determinations of tS quality.
 

Sunmmary Evaluation of the Program
 

Relevancy of the Plant Improvement Program
 

The question may be asked, "what contribution of any value ha.; this program 

offered to the Malian farmer? 
 The answer is, "very little", but then the
 



to develop arid mature. 

A note 
in the 1980 Report (1980/A-8) states that there 
are 	several local
 

sorghums which are widely and well adapted which might be directly introduced
 

as varieties and which were 
to be immediately exploited. 
 No further mention
 

of their exploitation occurs 
in the 1981 report. 
 Even extended varieties seem
 

to have run into difficulties - for example, the already extended Malian variety
 

"Tiemarifing" was 
 formed to have become highly infested with Covered Smut
 

(Sphacelotheca ('orghii) 
 in seed production fields. The variety is being
 

researched presently for resistance to t:he 
disease. Neither has there been
 

any 	 outstanding pearl millet variety identified worth extending to the farmers. 

Selection and breeding research up to 
this point have a) identified
 

potential 
sources of pest, disease and drought resistance or tolerance 

b) produced hybrids which show heterosis and so ..e promise and c) indicated
 

potential parents for future breeding from the local. Malian germplasm.
 

The 	ICRISAT breeder has done an 
immense amount of valuable work. Plant
 

breeding is an extremely slow process faced with innumerable problems, disappoint­

ments and frustrations. 
The 	ideal-variety that he would seek to produce should have
 

the 	following characteristics:
 

1. 	 Complete adaptation to the environment, i.e., adapted to rainfall
 

irregularities causing pre- and post-emergence drought and post-floral
 

initiation drought, and other environmental climatic conditions.
 

2. 	Resistance to 
or tolerant of various diseases, pests and parasites.
 

3. 
Capable of completing the growth cycle and grain fill under adverse
 

climatic conditions and providing a reasonable yield.
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Research activity has been directed generally towards producing varieties
 

with the above characteristics.
 

Enhancement of the Program
 

The program of crop improvement might be enhanced by taking certain
 

measures:
 

1. Collection and 
analysis of as much information as possible of the
 

varieties of the Malian Cereal Collection from farmers.
 

Some effort has 
already been made by the ICRISAT breeder to take detailfd
 

notes on what people had 
to say concerning outstanding varieties of mid­

season and photo-sensitive sorghums in 1980 
(1980/A-5). Other instances
 

of researcher/peasant interaction involve village interviews with men
 

and women about sorghum hulling characteristics and thick or thin ,
 

pericarp preferences. -lso t 
 quality of varieties under test were
 

confirmed by local people. 

Another example of farmer information assisting the breeding program
 

is that concerning the "Seguetana" varieties. "Seguetana" in Bambara
 

means "Striga totem" and the significance of this title is 
that the
 

millet variety concerned is the totem of the striga parasite, which
 

consequently will not feed upon it, 
since no creature will feed 
upon
 

its totem, 1979/10; 1980/A-30.
 

There may be other "totem" varieties (to use the figure) out there
 

that farmers know of 
- possibly a "Cantharide totem or a 
"downy mildew
 

totem", etc. Farmers might also be able to 
provide information on
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village type associations and So on, that may indirectly assIst in the 

choice of criteria for the breeding process.
 

Publication of these findings in a systematically classified report
 

form would be extremely useful as 
a source of information for FSR & D
 

type studies. 

2. A considerable reduction in magnitude of the plant introduction program. 

Nothing of value seems to have come out 
of the germplasm material
 

tested out under the various international programs with fancy acronyms;
 

SEPON (sounds like a brand of soap) and ISPYT (vaguely reminiscent of 

the TV program ].SPY!).
 

The ICRISAT breeder has already realized their low value in the Malian
 

context. 
 He has suggested simple observations on double-rowed plots
 

of introduced varieties, implying that the approach would result in
 

a considerable saving of investment, time and labor.
 

3. Priority and emphasis accorded to 
selection and breeding for~drought-----.
 

resistance or tolerance characteris-ics at different stages of the
 

growth cycle.
 

The initiation of the drought resistance studies 1980/A-34 is a sign
 

of the realization of the importance of this character for breeding
 

purposes especially of crops in the semi-arid sahelian context.
 

4. Intensification of the identification process of 
sources of disease
 

and pest resistance in the local 
germplasm with a view to transferring
 

the characteristic to varieties 
or crosses.
 

,{
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farmers!) that nt ensity of attack by-the parasite is greatly diminished 

if the soil is fertile, i.e., 
if it has higher than usual levels of 

organic matter. Results from testing for Striga resistance on fertile
 

soils may not be applicable to situations in which there is 
a deficiency
 

of organic mater.
 

5. Resolution of the relevancy problem of grain and/or food quality 

Should food quality be the foremost: criterion that decides the choice 

of any variety for use in breeding? The ICRISAT breecer has stated 

that in the subsistence economies found in Mali, the peasant farmer
 

grows grains (sorghum/millet) Primarily for use as food and therefore 

its acceptability as 
food was of primordial importance to him. If
 

food quality could be transferred to high yielding varieties it would
 

greatly benefit the farmer who could not only exploit the food value
 

but also its market value.
 

Conclusion: 
 The crop improvement program appears to have evolved and is still
 

evolving towards a meaningful approach for producing improved crops by the
 

exploitation of local germplasm. 
Breeding is a slow and long process and it is
 

doubtful whether any significant results, in terms of exploitable varieties,
 

might be forthcoming in the near future. 
 However, if emphasis is 
laid on selecting
 

and improving already existing high yielding local varieties, some progress
 

should be made toward making available extension material for farmers. 
 These
 

varieties could probably be teste 
 out on farmers fields by SAFGRAD.
 

It 
is also strongly felt that the peasant farmer/researcher relationship
 

should be developed and deepened 
so that the researcher always remains conscious
 
that the farmer's progress is the end of all his research and so that the farmer, 
on his part, 
learns to appreciate the value of the researcher's work in the context
 
of his production system.
 



ICRISAT: AGRONOMY
 

"Researchers on the other hand, as the priests of the modern religion
 

called scientific methodology are bound by the bureaucratic rituals of
 

research that dictate that "real" research is done in laboratories and
 

research stations and not in farmers' fields and minds"
 

Researchers were characterized as intellecEuals who didn't want to
 

confuse their elegant research cn stations with the realities of production
 

found in rural Ma.
 

JERRY J. JOHNSON: ACPO, SAFGRAD
 

Final Report, 1982
 



The purpcse and anms; of the agronomy program do not seem to be suc-cinctly
 

stated anywhere. A mention is made of the 
fact that, in terms of the mandate
 

from the Malian Government, intercropping was the most important activity
 

(1979/42). 
 The picture becomes a little clearer in a subsequent paragraph
 

where it is stated .... "As a result 
the production parameters, including sorghum
 

variety, planting configuracion and density are important for understanding
 

and ilnrov_the svsLem". 
 (.979/44). 

An examination of the purpose of each of 
the trials implemented in 1979
 

sheds further light on the subject:
 

Sorghum/Cowpea no. 1. 
To better understand the role of planting pattern
(1979/44)"
 

and density in sorghum/cowpea intercropping situations.
 

Sorghum/Cowpea To better understand the role of sorghum and cowpea
 
Intercrop no. 2
 

plant type and density in intercropping situations.
 

Millet/Cowpea 
 To better understand 
some of the factors and inter­
1979/87
 

actions which are 
important in the millet/cowpea
 

intercropping pattern.
 

Evidently these were exploratory trials the aim of which was 
to provide
 

basic information on planting patterns, densities, plant types and 
comnonent
 

interactions, such as sorghum, millet, and cowpeas.
 

The strongest criticism o' the program is based on 
the fact that there is
 

practically no evidence of any kind of preliminary research into farmers'
 

*Figures refer to year and page of ICRISAT report
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eCXstencL of "feed-back" upon which a rational array of parameters for in­

vestigation could have been identified. Other than bare statements like, "In
 

the sorghum producing zones of Mali, sorghum is always grown in association
 

with cowpeas" (1979/44) and "In the millet producing zones of Mali, millet is
 

always grown with cowpeas", there is no general classified systematic information
 

about traditional farming practices. The parameters chosen for investigation
 

therefore were not selected from the standpoint of approaching problem solving 

but rather of studying and evaluating the various interacting factors of the
 

intercropping system. This is a basic characteristic of "upstream" research.
 

Some FSR & D research could have assisted in forestalling the error
 

committed with respect to the cowpea harvest. Apparently, two or three efforts
 

were made to harvest the cowpea grain in several of the trials. This was
 

because the plants continued to flower and the technician waited to see if
 

they could get more seed set. Because of this delay, leaf drop became important
 

and forage yields were low as a result. Apparently from informal inquiries
 

(shades of FSR & D!) made in the field, it was found that farmers sacrifice
 

grain yield for hay yield. It was decided, on the basis of this finding, that
 

in the following season, the cowpeas would be harvested in a single operation for ha3 

The comment that should be made here is that the peasant fartier exercises
 

alternative methods of harvest depending on climatic conditions. If they are
 

normal, he harvests the cowpea grain first and follows that with the hay harvest.
 

If the rains stop early and cowpea leaf drop becomes important then he harvests
 

the cowpea for hay. ThL pombility of exercising either of these alternatives
 

should have been built into the trial in which cowpea is a component crop. 

Simply harvesting the cowpea for hay, even in a normal year does not provide 

relevant information on the performance of the association. 
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it is "upstreamL" research that is irvolved. This is because. "such programs 

mainly contribute to the body of knowledge , rather than develop practices 

specifically tailored to a local situatiop' . It may be argued that the cowpea
 

plant densities used in the trial Sorghum/cowpea no. 1 (1979/45) of 6,250 (peasant' 

density), 12,500, 25,000 and 50,000 plants/ha, would assist the farmer to
 

greatly improve his yields. Given the requisite conditions this may be 13o, 

(though it is certainly not apparent from the over-all results, 1979/47). What 

has not been taken into consideration is whether the peasant would be able to 

establish the higher population in his fields. To plant 50,000 plants of 

cowpea per hectare would recluire higher inputs of time, labor and seed, all 

of which may be restricted or limited nsources for him. The question may be 

asked, "Are the results of this trial applicable to the peasant's situation
 

so that he can benefit from them?" The answer would be that it would be ex­

tremely unlikely. 

There are many reasons why a peasant farmers practices his methods of
 

traditional cultivation. 
 In the Gondo Seno, he plants his millet on the previous
 

years' "organic buttes". After the first weeding, when he has reconstructed the
 

present year's buttes, he plants his 
cowrea on the new "buttes". This method
 

of traditional cultivation is closely linked with other factors such as
 

maintenance of organic matter in the soil, easing of the burden of weeding and the 

minimization of labor inputs. The question is, "Based upon a knowledge and 

consideration of the elements of the peasant's production system, what are the 

experimental treatments that may be chosen that may constitute the design of 

a trial the results of which may contribute towards improving the productivity 

of the system, without sacrificing the practices securing conservation of soil 

and organic matter? As one of the treatments of an agronomic trial, planting 

on "buttes" could be compared with planting on the flat. One little item in the 

NSee Appendix A.
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because of shifting sand which often buries the growing point or batters the 

young leavel'.(1979/22) It is eminently logical 
that the peasant has noticed
 

the relevance of planting on buttes 
as a means of protecting the seedlings from
 

sand-blasting early in the 
season.
 

Furthermore, some farmers construct ridges or billons normally and carry out
 

their planting of millet 
in the furrows, especially in the Douentza area. 
 Later
 

in the season, cowpeas are planted on the crests of the ridges. Herein lies
 

another opportunity to 
-add a further treatment to an agronoraic trial. Manually
 

constructed bilions or 
 ridges may be compared with those constructed by means 

of animal traction. 
 In the Koro area some farmers use the light donkey plough
 

twice in a millet inter-row in order to construct a billon or ridge at 
 simultaneous 

ly burVin g the weeds in it. Cowpeas are then planted on 
the crests of the
 

ridge and voi Ili we have interplanting integrated with cultural practices which
 
could 
figure as another treatment in an agronomic trial.
 

The importance of FSR & D to 
agricultural research
 

The 1979 sorghum/cowpea 
trial no. 1 rec-eaied an interesting result. For
 

example, at 
the higher rainfall locations, Dalabani and 
Sotuba, cowpea planted
 

in the same pocket as the sorghum,appeared to compete with sorghum, though when
 

the cowpea was planted in the interrow, it 
improved sorghum yields, especially
 

when the cowpe-a was at a higher density. However, at the lower rainfall sites,
 

Cinzana and Barb6, planting in the same pocket as 
the sorghum appeared to improve
 

sorghum performance, while interrow planting caused serious competition and
 

yield reductions.
 

Is it not possible that in uncertain rainfall situations in the Sahel,
 

where low rainfall 
might occur in any year, the farmer wjuld prefer to plant
 

the sorghum and the cowpea in 
the same pocket because he knows that in the
 

event of unfavorable climatic conditions lie 
would still win out?
 



Theln agair, hc 1,;jyhavt another reason for btp] antii, h the curcal and tiel
 

legume in the same 
pocket - that of labor constraint, a fact already given
 

token recognition by 
the ICRISAT agronomist... "I1 faut cependant signaler que
 

ce semis necessiterait, par rapport h l'autre, 
un travail supplfmentaire en une
 

p~riode qul constitue d~j un goulot d'6tranglement dans la saison 
(1982/13)*.
 

A hilarious dialogue between an 
agronomist and a 
peasant farmer presented
 

by Collinson (1980) (who by the way is an 
economist) gives another reason for
 

placing the legume and cereal 
seeds in the same pocket and at the same time
 

serves to illustrate how far from reality the 
conventional agronomist is: -

Agronomist: We thought of having three cowpea to 
each maize plant in this
 

treatment.
 

Farmer 
 What would I do with all those cowpeas, there's no market
 

and we only eat about 1/5 by weight of maize?
 

Agronomist: 
 OK, let's reduce 
to say equal maize and cowpea to give a ratio
 

close to the weights needed - we thought of putting the
 

cowpeas in the row between the maize plants which are-one foot
 

apart.
 

Farmer 
 But that only leaves 6 inches between the maize and the bushy
 

cowpea plant - how can we 
get our hoes in for weeding?
 

Agronomist: 
 OK, what about putting the cowpeas in between the plants
 

within the maize rows?
 

Farmer 
 Well, we weed by putting the hoe between the maize plants and
 

pulling weeds into the inter-row - it will slow us 
down a lot.
 

"Serafini, P.G. et al, 1982: 
 Bilan de 5 annfes de recherche sur les cultures
 
associ6es. Progranmme Coop6ratig de 
 l'ICRISAT au Mali.
 



Ag) 1h~.1oxt So , h.,a, do "'u su,', ,tt 

Farmer Why not put the cowpea seed in the same hole as the maize 

seed as we do now?4l 

Summary of ICRISAT Agronomic Research Effort4 2
 

Five years later the objectives of this research seem to 
be clearly stated
 

in the introduction to this report, i.e., to maintain and or increase the
 

yields of the main cereal crop, sorghum/millet as obtainable under sole crop
 

conditions and increase the yields of the 
associated legume crop. Tle trials
 

implemented and the results that were obtained may be summarized as 
follows:
 

In one trial an effort was made to 
identify suitable intercrop varieties.
 

Three varieties of sorghum, one local 
(tall) and two introduced (medium and 

short) were combined with three cowpea varieties adlocal variety (rampant and erect) 

The results revealed that the local variety was superior in yield for grain and 

hay. The yield of cereal tended to 
increase when cowpea yields were low and
 

for this reason the cereal produced more when associated with the erect variety.
 

The introduced variety KNI of cowpea produced more hay than the local variety.
 

In a following trial which evaluated time of sowing~the factors studied
 

were sowing of cowpeas in the same pocket as 
the cereal in the cereal interrows,
 

3-4 weeks later. Results in one trial were that sowing in the 
same pocket
 

gave hay yields higher than sowing in the interrows 30 days later. Other sorghum/
 

*lCollinson. M.P. 1980: In "Farming Systems Research: A Critical Appraisal, 

Gilbert,Norman & Winch MSU Paper no. 6. 

2Serafini, et al, 1982: Bilan de 5 annles de recherche sur les cultures associies. 

Programme Coopratif de 'CRISAT au Mali.
 



cow;)e:, trials cL),,a rjlu these two treatmnit , sliowud however that sowing simul­

taneously either 
 in the same pocket or in the interrows gave superior hay yields 

for the latter treatment.
 

Another trial addressed the problem of ascertaining optimum populations of
 

cowpea in association with the cereal 
- the cowpea populations used were
 

6,250, 
 12,500, and 25,000 plants per ha. (one would have thought that orthogonal 

polynomial analysis might have been used with 18,750 plants per ha. inserted 

between 12,500 and 25,000 plants per ha. 
 in order to approach this type of problem).
 

The results indicated that in the first trial no significant differences in
 

yields of the cereal 
in association with different populations of cowpea occured.
 

In addition, the cowpea yields of grain and hay showed no 
significant differences
 

across populations either (a confused situation - sic!). secondA trial showed 

a reduction in grain yields of 30% with increase of associated cowpeas from
 

the lowest to the highest population, at which also the cowpea hay yields
 

amounted to 3 tons 
per ha.. 

Another study concentrated on harvesting the interplanted cowpea, 40, 60
 

and 80 days after germination in order 
to study the effect of association on
 

the Arain yield of the cereal. It was 
found that cereal yields were progres­

sively reduced significantly if tile cereal was associated for longer periods 

with the legume. 
 The highest yield of cowpea hay was obtained with the
 

harvest on 
the 60th day after sowing but was greatly reduced if it 
was harvested
 

at the end of the season. The agronomist states succinctly ­ "il est clair que
 

la rcolte du nihb6 
a 60 jours apr~s la gcrmination est une 
des clhs qui r~vo­

lutionneraient la productivit6 du syst&me". 
 (1982/17 BILAN).
 

After an 
analytical consideration of these results the agronomist makes the
 

following recommendations. 
 Some idea of the value and impact of these results
 

[or Malian conditions may be gauged from the accompanying comments: 



1. Use local varieties Same conclusion as the ICRISAT breeder who 

discovered that the value of almost all in­

troduced germplasm was zero! 

2. Plant cowpea two weeks This recommendation might be acceptable to farmers 

after sorgho or millet in the Gndo Seno who ,however, might still ha-e 

objections to the earlier planting date in 

comparison to their present practice of 

planting 3-4 weeks after the cereal (Some FSR 

is required here to find out why). 

Recoimendation will certainly not go down well 

with farmers who plant simultaneously in the 

same pocket because of ecronomic, labor use or 

other constraints. (More FSR needed). 

3. Interrow planting Will not be acceptable to farmers practising 

simultaneous sowing in the same pocket. Simul­

taneous separate sowing is at the mercy of labor 

constraint. 

4. Cowpea density As stated elsewhere in this report this suggested 

25,000 plants per ha, increase from the farmers 6,250 plants per ha. 

to 25,000 plants per ha. might involve the 

fol lowing: 

a) Seed requirement 

b) Labor input requirement for planting. 



S) Nma k t supply, II ld I t r i aruro i h tI 

Condo Seno produced 3 tons of cowpe, hay in
 

any one year - it would be illuminating to 

hear the views of an economist and an animal 

husbandry expert upon the subject! (More FSR 

neede6 - to study questicns under a, b, and c).
 

5. If cowpea is planted The agronomist himself has raised the potential
 

simultaneously with and 
 problem of all this hay rotting in the rain
 

separately from the (1982/20 BILAN)
 

cereal, it should be
 

harvested 60 days later.
 

It is conceivable that these results and recommendations (which have required
 

a considerable amount of investment!) could be handed over 
to a "downstream"
 

research organization, such as SAFGRAD, to experiment with further (BUT CERTAINLY
 

NOT IN FARMER'S FIELDS!). To quote Gilbert et al, 
 '8'......"Prototype
solutiols
 

produced by "upstream" FSR programs must be further adapted by 'Uownstream" FSR
 

programs to specific local conditions". This implies further investment in
 

order to produce the results which might h]p the peasant farmer improve his inter­

cropping practice,which of course 
is a component of his production system.
 

Complexity of FSR & D 

Presenting data proving that inter-row planting of cowpea is more profitable
 

because yields and LERs are higher may not 
go very far towards solving the peasant's
 

real problems. FSR & D methods of problem solving are 
much more complex than 

"See Appendix A for Gilbert et al, 1980.
 



those uscud in ;j sinaghc disc iplinary ;prroach. The follo un: crite -1a will help 

to illustrate Lhis:
 

1. An earlier maturing variety might be sought 
that allows time for planting
 

a second crop, even 
though the yield from such a variety is less than
 

from other varieties.
 

2. 
Net profits from fertilizer application could be increased by reducing
 

-the application rate to a lower level than is needed to produce the 

maximum biological yield. 

3. Recognizing farmers' aversion to risk could suggest 
a less profitable
 

crop, whose yields are more stable during unfavorable growing conditions.
 

4. Social and cultural studies could explain why some farmers accept im­

provements and others do not, so that the resulting technologies could 

be applied to more farmers. Shaner/Philip/Schneh', 1982. 

FSR & D methods imply a complete reorientation for the conventional agro­

nomist who has been trained for AgribuFiness in developed countries. Instead 

of orhing with components of technology he is required to work with whole systems,
 

intent upon developing a research program that will furnish results comipatible
 

wvith the resources of land, labor and capital of the resident farmel. 
 No more
 

will he remain supreme over his experimental domain but will have to work in
 

close collaboration with the Agro-econonist, the Anthropologist and Sociologist 

from whom he will accept suggestion or criticism of his program. Developed 

technologies that are not compatible with these requirements will either be 

rejected or unutilized. This, unhappily is the present situation in agricultural 

development in LDCs. FSR & 1) offers a means of overcomii9ng this impasse and 

should be taken seriously. 

Shaner, W.W., P.F. Philipp, and W.R. Schmehl, 1981: Farming Systems Research & Develop­inent. Guidelines for Developing Countries. C.I.D. West view Press. 



I_______11 Wim'Ll I, F(2PL: t r5 I C!1 i\ 1C~~/A(RP in ,nali
 

Tlie following recomnendations 
 Lirv made in ordcr to upgrade agronomic research 

by the organizations presently in the 
field:
 

USAID should insist on the following: 

1. That a complete and thorough FSR & D study be made in the cereal growing 

regions of Mali, 
either by ICRISAT or by a competent independent FSR & D
 

team comprising the following members:
 

1) Agroeconomist 

2) Agronomist (Crop production)
 

3) Anthropologist/Sociologist 

4) Others
 

and that the report pyblished should inlcude a section with an exhaustive 

description of traditional farming methods and practices of farmers, and 

the various restraints and constraints to production.
 

2. All effort (breeding 
or agronomic) must be reoriented towards "downstream"
 

research. Neither the GOM nor USAID nor 
any other donor, for that matter,
 

can afford the money or the time to 
fund "upstream" research in LDCs. 

Agronomic trials should have a greater proportion of "downstream" rpsearch
 

elements in them, i.e., 
they should be based more upon resolving farmers'
 

problems and less upon identifying functions, relationships and inter­

actions in production systems. Research should 
thus become more effective
 

and there would be greater immediate benefits for farmers as returns 

to investment.
 

1 



i 
3. A much clser func tion aI re] aL ionsh pi)between I CI SAT and SAGRAI), 

scientists' from both organizations working together in the field but! . 

complementarily. 
A SAFGRAD scientist identifying a Striga 
resistant
 

variety of millet and handing it 
over 
to the ICRISAT breeder to work 

on, though laudable, just isn't enougn. A joint program by both ICRISAT/
 

SAFGRAD scientists, in which say, 
the work of Striga resistance or
 

tolerance involving reaction 
to 
the level of fertility in the soil,
 

combined with selection related geneticto based resistance or tolerance 

would probably furnish results more 
 immediately applicable to field 

conditions.
 

4. 
All research programs put up by ICRISAT and SAFGRAD MUST be monitored
 

by an independent and competent FSR & D researcher or team working from 

the standpoint that the results of such research should be o'plicable 

to farmers' situations and orienteu towards solving their problems.
 

Programs should not be approved 
 for funding if they do not 
pass this
 

rigorous test.
 

Appropriate Scientific Staff
 

Gilbert et al, 1980, makes the following statement*:
 

"Also, the practical nature of FSR may reduce peer respect and make it 
more
 

difficult 
to recruit scientists to 
rursue FSR (Navarro, 1979). Conventional
 

*Gilbert et al, 1980: 
 Opus cit. in Farming Systems Research: A critical
 

appraisal. Navarro, L.A. 1979: 
CATIE's Development-


Oriented Agricultural Research effort in the Central
 

American Isthmus. Seminar given at Univ. of British Columbia 

Sept. 1979. Vancouver, Canada.
 



agronomic re search maiy thus have di f f i cul ty in acc vptiiti. SV. in addi t lil
 

to acquiring the skills and rationale of 
 FSR & D techniques arid it may 

be a sagacious step on 
the part of USAID that all future recruits, par­

ticipants, designers, implemerters of Agric. Development programs in
 

LCDs should have undergone some 
training in FSR & D. The University of
 

Florida, Gainesvile gives a course on FSR & P as 
does the Univ. of Colorado. 

A three month stay in the Institute of Agric. Research at the University
 

of Aharmada Bel!o, Zaria, Nigeria would go a long way towirds providing
 

enlightment into the mysteries of FSR & D for the befuddled. 



SAFGRAD: FARM-LEVEL TESTING
 

"The identification of farm-level testing themes based upon real problems
 

from the field is superior to the generation of themes from the reports
 

of food crop researchers that may or may not have been treating the most
 

important problems faced by farmers."
 

JERRY J. JOHNSON: ACPO, SAFRAD
 

Final Report
 



Need for SA.GRAD 

The nCLd for SAFGRAD arose because of a perception of the need of a liaison 

service between the Malian Food Crop Service Section (SRCVO) and the five ex­

tension agencies (OMM, ODIK, CMDT, ODIPAC and OHV) that are 
responsible for
 

promoting food crop improvement in their respective zones.
 

SAFGRAD Objective
 

The main objective of SAFGRAD was to transmit research results to 
farmer
 

level so that he could benefit from them.
 

SAFGRAD Me t ho doIo&y 

Topics for farm-level testing, decided upon by the extension agency in
 

collaboration with SAFGRAD, and approved by the Food Crop Commission at 
the
 

annual rosearch meetings were executed at farm level.
 

History of Implementation of SAFGRAD's Objectives
 

The initial reaction to the SAFGRAD effort by the extension agencies waf
 

negative,who regarded researchers as 
intellectuals out of touch with rural
 

reality. SAFGRAD had to gain their respect.
 

Testing Program 1978-1981 (Four years)
 

Test Obiectives 1978 Campaign
 

Test objectives were to compare the yields and performances of introduced
 

varieties of cereal (Mil]et, Sorghum and Maize), each variety grown with and 

without a low rate of chemical fertilizer. The ultimate aim was to determine 

varietal responses to fertilizer and 
the economics of fertilizer use and receptivity
 



Results
 

The first year results showed that the local, early and late sorghum and
 

millet varieties, with 
or without fertilizers gave superior yields as 
compared
 

to the introduced varieties. 
 Only the introduced maize variety TIEMANTIE de
 

ZAMBLARA"I gave better yields than the local variety.
 

It was first of all noteworthy to 
SAFGRAD that the local varieties outdid
 

the introduced varieties in performance and second, that even lowthe rate of 

fertilizer used was economic when used with local varieties. Other findings of 
of note were that the fertilizer reduced the growing cycle, increased the number 

of panicles and average panicle weight. 

Problems encountered by SAFGRAD Program 

The problems encountered by the ACPOM2 in the first year of farm testing
 

:may be classified as 
 follows: (Comments are by the author of this report). 

1. Problems of implementation. Choice of test sites 

From his 
own perception the ACPO complains about the heterogeneous nature of 

of the test sites - stating that they had trees, termite hills, excessive
 

slopes and floodable land 
(p. 5 & 30). According to him the sites should
 

have been characterized by an absence of these obstacles and marked by
 

a general homogeneity.
 

Comments
 

But isn't farmers' land generally heterogeneous in nature and blessed with
 

all these characteristics? Furthermore, each one of these characteristics 

might be linked with some 
aspect. of soil fertility.
 

*1MTIMYLAT1E de ZAMBLARA is actually an 
open-pollinated, mass-selected improved

Malian variety introduced from another region.
 

*2 AC'O - Accelerated Crop Production Officer.
 



Balan~an tre s (Acacia albida) contribute to soil fertility', evidenced by 

the fact that millet growing beneath or around these trees grow better and 

give higher yields. Termite hills are 
indicative of biological activity
 

which contributes significantly to soil fertility, the importance of which
 

has not been significantly evaluated. 
 Land flooded in a previous year
 

might possibly be more fertile in a succeeding dry year because of silt and/or
 

clay deposits. 
 A bare test plot might not have the benefit of these
 

additional fertility sources 
(a telling blow to all those beautiful bare
 

plots on experiment stations!). The complex question is 
- "How representative
 

of far-ners' field conditions is a "homogeneous" test plot and how applicab].e
 

would results fi-om such a plot be to fields which have trees, termite hills, 
slopes and floodlable land?" 

2. Proposed test conditions not in conformity to conditions pertaining to 
the
 

farmers production system. 

The ACPO mentions first 
 a) that where a dry period intervened before the
 

prescribed seeding date, many farmers just scarified the 
test site instead
 

of plowing it, as required in the instructions-and second b) that it was
 

difficult to convince farmers to 
execute a ridging operation after the
 

applied urea fertilizer had been spread in order to reduce losses of nitrogen.
 

Comments
 

The report (Cunard, 1982) presents some of the problems that farmers face
 

concerning plowing. (See Ploughing Problem: p. 14-17). Attention is drawn
 

to the fact 
that several factors may hinder a farmer from carrying out a
 

plowing operation, such as weakened animals at 
the end of a dry season and
 

a hard soil crust requiring greater draw-bar pull. The farmer may thus have 

2i 



a very valid reason for merely sacrifying his soil if there is inter­an 

vention of a dry period before so,'ingthe date. 

From the farmer's point of view, a refusal to carry out a ridging operation 

in order to cover applied urea fertilizer might indicate increased labor 

and time inputs which cannothe afford. 

An FSR inquiry might have provided the information which could have assisted
 

in avoiding these problems. For (-,ample, deep cultivation after germination
 

for the first problem and spot application of urea for the second might
 

have provided suitable alternatives.
 

Unsuitability of introduced plant material to the Malian environment because
 

it was:
 

a) unadapted 
to the variable drought c'.-,ditions
 

b 1 ,4 ,-1, I, 

Comments
 

This tale of woe is spun out in the ICRISAT breeder's report for the years
 

1979 and 1980, but was also noted by the ACPO before the former's arrival. The
 

ACPO also noted the value of the field tests in revealing the unsuitable nature
 

of the introduced germplasm which was highly regarded in experiment station
 

work by SRCVO (p. 9) breeders who had no suspiscion of its weaknesses 
- another
 

telling blow which demonstrates the lack of contact between rural reality and 

the research _goin' on in experiment stations. 



I 

Thi 1979 Ca;:,: i tf 

Following upon the presentation of the results of 1978 to the Food Crop 

Resi arch Commission a change of attitude to SAFGRAD activity was apparent among 

e extension agencies, evidenced by their demand for more extensive testing
 

krograms.
 

Varieties: Since the available so-called "improved" millet varieties were found
 

to be worthless, they were eliminated from the program, until such time as 
the
 

dwarf varieties promised by the breeders might be forthcoming. The maize 

variety TIEMANTIE de ZAMBLARA was already in extension programs, so it was also 

eliminated. The position with regard to sorghum was also uncertain as it was 

felt that there were other promising introduced "improved" varieties that should 

be tried with improved cultural practices under better environmental conditions.
 

Soil Fertility: 

An alternative and more economic source of fertilizer was sought and Tilemsi
 

Phosphate (Malian resource - 20 million tons) which had been agronomically
 

tested since 1933 and containing 25-30% P205 and 40 % CaO was selected. Thus
 

double-year rotations, peanuts/cereal and cereal/cereal, with or without Tilemsi
 

phosphate (300 kg per ha.) applied in the first year were,implemented. An
 

annual application of 90 kg per ha. of urea, equivalent to the N in 100 kg. of
 

Aunmonium phosphate + 50 kg. of urea was also effected. Twenty-five of these 

rotations were established in the five extension agency zones and in general
 

70% of the tests were successful.
 

Resul ts 

In the first year of each type of rotation the yield increases of peanut 

and cereal due to Tilemsi phosphate were highly significant. The effect of
 



urca, howc,e , wa., nout-,.1,igni f icant In the second year, again, the yield in­

creases of the cereal, uue to the residual effect of the Tilemsi phosphate, 

was highly significant, the returns on investment on early and late sorghums 

being 16% and 7% respectively. 
Again, the local cereal varieties outperformed
 

the introduced varieties, which, in addition, were found to be unadapted and 

susceptible to pests a:d disua r. 

These results were presented to FCRC the NARC in It wasthe and 1980. 

realized that a demand had been created for farm-level testing,but testing that 

was oriented towards the needs of eacb extension agency.
 

A proposal to fulfill tbese new demands was put forward at the 19th Session 

of the N'AR as follows: 

The proposal was to integrate several factors that would result in 

cementing the relationship between research and extension. 
The value of farm­

level tests was in 
the continued identification and definition of fresh ex­

tension themes. In order to expedite this process, the largest number of tests
 

in the shortest possible time should be initiated. In order to effect this,
 

either the SAFGRAD team should be enlarged with increased logistical support
 

accorded to it or farm-level testing units, 
trained and supervised by SAFGRAD
 

should be established within each extension agency. 
 This latter alternative
 

seems more appropriate in view of the greater possibility of permanence of a
 

national extension agency in contrast to 
a foreign one like SAFGRAD; the direct
 

benefits accruing to the agency from test results and the need of extension. 

agencies to develop their own appropriate test programs. 

SAFGRAD would undertake the responsibility of training candidates proposed
 

by the extension agencies at the international centers of ICRISAT and IITA,
 



aid tth ' w ouI d evtriti;i., v re t ur1 t 0 'nt IJ VM;,t t I. rfaI-Lv testing programs. 

The role of SAFGRAD would gradually diminish as the proposed system developed 

and became stronger.
 

The 1980 Campaign
 

A total of 148 tests were proposed, ill of them being first year Tilemsi
 

phosphate tests; 
 19 second year tests and 18 maize agronomy tests.
 

Results 

The result showed increases in yields of peanuts and cereals with the ap­

plication of the phosphate. The phosphate with urea treatment gave a highly 

significant yield difference in cereal yields when compared with yields from
 

no fertilizer treatments, though the effect was uneconomic. 

The results of the second year rock phosphate residual fertility tests on
 

the yields of the 
second crop of the rotation showed that with a preceding
 

pean-t crop, the increases varied from 125 to 
296 kg. per ha., though there
 

was no 
evidence of phosphate x preceding peanut -crop interaction. The
 

hypothesis that nitrogen fixation in legumes is enhanced by the presence of
 

added phosphate in phosphate deficient soils was not sustained.
 

The results also made clear that 
urea is neither beneficial or economic
 

on cereals: 
 that rock phosphate was economically beneficial on cereal/cereal
 

and legume/cereal rotations over two years, the returns on 
investment being
 

15% and 128% respectively.
 

The maize agronomy tests comparing the local variety TIEMANTIE de ZAMBLARA
 

with the double-hybrid IRAT 81, 
under two populations and two fertilizer levels
 

showed the superiority of IRAT 81, which gave a mean yield of 3269 kg.per ha.,
 



as';compard to t1hc TIEMANTIE't, 2253 k , per ha. IRA] 61. b ;a:a]to nmort re,.;­

pensive to the fertilizer, giving a rate of return of 153%. 
 Two years were
 

necessary before the 
rate of return on investment in rock phosphate exceeded
 

100%, a level critical to third-world farmers.
 

The 198j Campaign 

The results from the first year rock phosphate tests again showed yield
 

inc-eases in peanuts and cereals. 
 The results from the OVSTM and ODIPAC zones
 

though positive were statistically unreliable, but along the Kona-S6var6-Djennf6 

axis (OM zone), there was an average cereal yield increase of 33%. 

The second year resuits in 
the OMN zone showed a highly significant increase
 

of 21% due to residual fertilizer effect on the second crop of both the rotations.
 

The residual effect of a preceding crop of peanuts ,withoutphosphate treatment
 

on the yield of a succeeding cereal amounted also 
to 20%.
 

For some of the other zones, such as 
OHV, ODIK and CMDT, the results were
 

variable, undoubtedly due to the heterogeneous nature of the soil.
 

The third year results of the residual phosphate effect in the OMM zone
 

showed an increase in yield of 50%. 
 The progression of percent yield increases
 

for cereals over the three years 1978 to 1980 was 41% 
- 73% - 50%. The average
 

sum effect of rock phosphate for both the rotations for the three years was
 

759 kg. per ha., representing a return on investment of 269%.
 

The maize tests again !howed the superiority of IRAT 81 TIEMANTIE.
to 


Brief Sumnary of the Value of SAFGRAD's Work
 

SAFGRAD's farm-level testing demonstrated the superiority of local varieties
 

over introduced, even with a low dosage of inorganic fertilizers, and the high
 



I) *cv pt" bi]ity of intru uc* 1proV-d" valtItties to di t'aHs r);j ;and 1 I.,tI 

under Ma] ian conditions. The posi tive it ia] and residual effects of cheap, 

locally produced Tilemsi phosphate over several years on theproductivity of 

both cereals and legumes were also proved, as well as the beneficial economic 

advantages. The need for farm-level testing/demonstrations and the requisite 

infrastructure to implement them in order to get research results out to 

farmers and to obtain feedback from them to research was also shown.
 

The SAFGRAD Model for Liaison Between Research and Extension
 

In the past, extension services created in order to address and resolve the
 

problem of food deficits in LDC's have not succeeded in their objectives. The
 

excuse that yield increases were impossible in countries with low yield ceilings,
 

such 
as Mali, was impaired by maize grain yields attaining 7 tons per ha. in
 

SAFGRAD farm-level tests.
 

The reasons for this failure were two-fold: 
 a) a lack of viable extension 

themes that would increase productionland b) inadequate logistical support* 2 

(inputs for increasing yields) afforded to the farmeri -. The SAFGRAD model
 

addressed the first point.
 

SAFGRAD Model:
 

1) Objectives of Farm-Level Tests
 

The primary objective of farm level 
tests was to develop viable extension 

themes that would ultimately lead to increased food production and food 

lComment: 
 (since fariers' problems of production constraints and bottlenecks
 
were never studied at farm-level in order to formulate the themes)
 

x Comment: (arsuming that the themes were worth anything).
 



belft-suf fic iency, w i.]e the sleconldary objective would bc to provide fecdbncj 

to research which should then orient Its program and optimize its efforts 

towards developing viable production systems appropriate for farmers. The 

model is diagrammatically presented thus:
 

2) The Model itself 

Reorganization, reformulation 

of e&,<ension themes 

S A F G R A D
 

Coordination team with
 
selected extension themes
 

Retesting of 
modified themes
 

Feedback to(3) ((2) Research 

Farm-level testing/demonstration
 
of selected themes 

Such a farm-level testing system would provide answers 
to two questions
 

a) Does the innovation increase yields significantly and b) if so, by how
 

much? 
 thu. providing production and :economic data extremely important for
 

agricultural development.
 

14)
 



Such a n d'2]LI W , d! aUsId serve in tiL1 t-.-tL inIi . o.f e:-,c ll.,it'll a .t.t wo,(
 

will ul timately extend successful themus, thus effect ing a saving of time and
 

reducing costs. It would also replace the 
 present defecrive system which depends 

upon arbitrary choice of themes by extension agency administrators and other 

ignoramuses by one in which field results determine their elaboration and choice. 

Besides the training effect thc model would have on the extension agent,
 

it would also hai a 'impact" effect upon 
 the farmer, evoking reactions related
 

to the parameters of his production system, 
 land, labor, capital and management. 

These reactions which constitue "feed-back" and which are of great importance 

would become integrated into the dynamic nature of the model. 

Critical Comments:
 

The model presupposes the existence of viable extension 
 themes at research 

level. SAFGRAD work has already proved that there were hardly any, with the 

exception of the Tilemsi Phosphate. In the years that followed the commencement 

of SAFGRAD's activity, mention is made of extension 
themes originating from
 

"contact with farmers, agents, researchers in Mali, and regional or international 

investigators.... 
research station staff, coordination teams and (even) extensL'on
 

agency administrators", (1982/24) emphasizing the 
dearth of anything useful in
 

research that could be tested at farm-level before being passed on 
to farmers.
 

The farmers production system is so complex that FSR methods are necessary 

to study it in order to identify factors 
that are constraints or bottlenecks
 

to production and an intimately related research system that will address these
 

problems and develop appropriate methods for their solution within the context 

of the farmers resources and capabilities. 
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The varjou.; steps in 
 the SAFGRAD methodology have been classified and 

commented upon in the following section. 
 1his section in the original report 

is of immense importance because Jt contains observations on difficulties, prob­

lems, advantages and disadvantages f und in farm-level testing programs arising
 

from the SAFGRAD experience.
 

1. Advance preparation of the program 
- the annual campaign: 

a) acquisition and perfection of ideas,
 

b) sources - farmers, agents, researchers test results and personal 

observa t ions, 

c) visits to research stations to seek new varieties and themes,
 

d) proposals from farn-level testing coordination teams.-, based on
 

problems identified by 
themselves and their collaborating farmers,
 

e) 
suggestions from extension agency administrators.
 

Comments: 
 There seems 
to be no lack of desire or proposals on the part of field
 

staff to provide this form of feedback. These -suggestions, proposals
 

and ideas ought to 
be recorded and published. Though some of them
 

may be absolutely impractical or impracticable, others might be of
 

value in FSR studies. 
An important distinction is made between
 

"feedback" of problems arising from the extension of a particular
 

theme and "feedback" of farmers problems relatedI to 
 his existing
 

production system. 
A division is also necessary between direct
 

"feed-back" (direct contact between researcher and 
farmer and
 

indirect 'feedback" 
(indirect contact between researcher and farmer
 

via a third or more persons, such as 
an agent).
 



2. 	 Program pi l)o!,J] corposed and prepari ed in out ll(: fOr preSentat ion to 

the Food Crop Research Commission. FCRC. 

a) 	Program classified according to test themes and extension agencies
 

and zones within agencies.
 

b) 	Agreement between extension agency and SAFGRAD of proposed type
 

of test and the number of each test type before preparation for
 

presentation.
 

c) 	Program presented to the FCRC.
 

Comments: 	 According to the ACPO, once the ideas or proposals have been
 

accepted in committee (FCRC) they cannot be changed or altered.
 

This indicates an inflexible, rigid systen that FSR, which is
 

dynamic and evolving, will have to deal with in order to progress.
 

The fact that the FCRC committee has the power to arbitrarily
 

veto any part of the farm-level testing program indicates two
 

absolutely necessary measures: a) Preparation and formulation of
 

extension themes based upon FSR results and supported indisputably
 

by such results and b) the sensitization of the FCRC to the
 

supreme logic of FSR methods.
 

The ACPO also raises the problem of professional jealousy on the
 

part of Malian food crop researchers with respect to financial
 

autonomy that SAFGRAD enjoys, and which enables the staff to obtain
 

material benefits not available to the others. The situation has
 

apparently been aggravated by SAFGRAD criticism of the poor quality
 

of work by researchers without such amenities.
 



3. r"tri cd bIotWCC "CRC. 1!i1d NA1,ii t .1iig'C spent I design and rep a iaL on of 

protocols.
 

a) 9/10 of budget spent within two months,
 

b) Realization of the importance of 
 getting materials distributed to the 

agents and farmers before cropping plans have been made by the farmers 

for their fields. 

Comment: This period should probably be 	 used for logistical preparation in 

order to save time.
 

4. 
The proposals for the farm-level testing program are presented to the
 

Ra.ional Committee for Agric. Research-


Comments: It 
is 	this committe which gives the final approval 
to 	the SAFGRAD
 

program which means 
that two hurdles have to be overcome before the
 

program goes on 
to farmers fields.
 

The comments under item 2 above apply here also.
 

5.. 	Choice of agent, farmer and test site
 

a) The best agents are selected in order to execute the 
tests and they
 

in 	turn select their own cooperating farmers with 
the help of a
 

member of the SAFGRAD coordination team.
 

b) 	The task of site selection should begin early, especially if there
 

are a large number of tests.
 



(onmen s: According to thL, ACPCO, originally, vi]a yL.s were chosen for test 

sites as a function of the wishes of 
the 	sector Head - the end 

result was poor quality tests. 

The 	importance of the 
test site being a representative sample of the
 

area is also emphasized.
 

The 	ACPO has repeatedly emphasized the need for a large number of
 

tests - in the thousands, for the future SAFGRAD program. This, 

of course, raises doubts as to whether the meaning and purpose of 

farm-level testing is being lost sight of in the desire to obtain 

statistically valid confirmation for the value of any particular
 

theme. 
 However, in 1980, the results of Tilemsi phosphate tests,
 

though positive, were considered invalid, because of the lack of
 

sufficient statistical representation. 
To overcome this objective
 

50 tests were instituted in the OMI 
zone in 1981, which gave
 

results that were not only acceptable but also served to delineate
 

Lhe zone into three divisions according -to relative yield responses
 

of cereal to the fertilizer.
 

6. 	Distribution of inputs and explanation of protocols to 
farmers:
 

a) 	That the agent inderstands the protocols and is capable of explaining
 

it to 
the 	farmer is verified and confirmed.
 

b) 	On occasions, the SAFGRAD team member explains the protocols directly
 

to 
the 	farmer, using the agent as an intermediary.
 



Comments: 	 The ACPO acknow2edp'cs that the two greatest bottlenecks were 

identified as site selection and distribution of test inputs (ob­

viously because it was so difficult to complete them in the required
 

timel) The importance of a smoothly operating system of logistical
 

network and support is realized here in order to complete a success­

ful campaign. Procedure b) above would seem to render the agent
 

redundant. The reason may be to give him further training in
 

teaching methods.
 

Two important guidelines are enunciated with respect to the role of
 

the extension agent.
 

i) 	 The understanding and motivation of the extension agent are
 

most important for test success.
 

ii) 	 In order that he be held responsible for the success of the
 

test, he must be free to choose the cooperating farmer.
 

Comments: 	 The AGPO states that motivational problems of agents are caused
 

by the fact that they are not paid anything extra for the extra
 

work, tior are they given enough allowance for gasoline.
 

The 	extension agencies have not helped either,by flatly stating
 

that 	they were against remunerating the agents for carrying out
 

the 	SAFGRAD program,because it would set an undesirable precedent
 

that 	could not be continued by them when SAFGRAD exited.
 

S. Summary 	of Details of Implementation at Farm-level
 

IS. 	 The agent, farmer and member of the coordination team select the test
 

plot.
 



2S . TI i a j, tLIhelpsi ' f arnc r ; t akt out thL p0lot before the arrival of 

inputs.
 

3S. 	 When the inputs ariive they are delivered to the farmer's house.
 

4S. 	 All agents are requested to be present when the operations of plowing,
 

seeding and fertilizer application are carried out.
 

Comments: The procedure recommended under 	No. 4 may be a little difficult 

to achieve if there are a large number of farmers and tests. 

5S. 	 The records of all observations are kept by the agent.
 

6S. 	 SAFGRAD and/or coordination teams try to visit each site at least once
 

every three weeks. Problems are dealt with on site.
 

Comments: The psychological effect 
on the agent and the publicity effect
 

among farmer folk in support of the program are important ingredients
 

of these visits.
 

7. 	Harvest Procedure:
 

7a. 	 Sacks and label tickets are distributed to farmers.
 

7b. 	 The agent and the cooperating farmer decide upon the optimum
 

harvest date. The agent supervises the harvest and the ticketing
 

of sacks.
 

7c. 	 Threshing is carried out at 
farmer's home, in his presence and
 

in the presence of relatives and friends. The harvested grain
 

is given back to the farmer.
 



7d. 'It(id!. art IeCr(c t , t I(t.,,jt;, :t V'c.3 aCe (a lu]iUitcd a1d 

farmer is informed. 

Comments: 'The ACPO mentions the fact that pre-SAFGRAD farm-level testing 

by Research had established the practice of paying the extension 

agency a modest 
sum for each test conducted in farmer's fields. 

At season's end the harvest was taken out by 
the extension agent
 

or researcher for 
threshing at some centralized location. Thus 

the demonstration effect was lost and sometimes the farmer was 

never paid. 

RESULTS 

To the question "What has the SAFGRAD program achieved so far?" The composite 

answerls various elements may be delineated thus. lt must be emphasized that 

these results are derived from and 
are applicable to farmers' 
field conditions,
 

which are absolutely essential for consideration in agricultural development.
 

The SAFGRAD program has shown or demonstrated:
 

1. That local, earl,, and late sorghum vari.eties, with or without fertilizers 

give superior yields to introduced "improved" varieties. 

2. That introduced germplasm, tested in experiment stations, was 
completely
 

unadapted 
to Malian conditions, being highly susceptible to diseases
 

and pests.
 

3. That the improved open-pollinated, mass-selected Malian maize variety
 

TIEMANTlE de ZAMBLARA gave higher yields than the local varieties. 

4. That SRCVO breeders should reorient their breeding work to produce varieties 

based on local germplasm, 
that are adapted to farmers conditions in the
 



field and thus come out from their dream world to make contact with 

reality. 

That a demand had been created for farm-level testing in extension
 

agencies - having sensitized them to their value by the results.
 

That a coordination unit consecrated 
to farm-level testing in the heart
 

of each extension service was 
the best solution to the problem of
 

transmitting research results 
to farmers; and retrieving "feedback" for 

further research and demonstration. The value of such a unit is 

highlighted by the fact that it is self-motivating, self-generating
 

and permanent.
 

That Tilemsi phosphate was 
a viable, economic fertilizer for use in
 

Malian conditions.
 

That cereal yields were increased by its use and that 
the residual
 

fertilizer effect lasted for several years.
 

That yield differences due to fertilizer effect may be highly significant
 

but not necessarily economic.
 

That there was no 
evidence of Tilemsi phosphate X preceding peanut
 

crop interaction in the 
residual effect on 
the following cereal.
 

That the use of urea is neither beneficial nor economic on cereals under
 

Malian field conditions.
 

That the cereal yield increases from initial and residual effect of
 

Tilemsi phosphate were 41%, 
 73% and 50% respectively over non­

fertilizer use 
during ,a period of three years of fie.ld testing.
 



That t,e test results of o1e zone cannot be extrapolated to cover another 

but that each zone should be tested. 

That farm-level testing was necessary to develop viable extension themes
 

that would lead ultimately to increased food production.
 

That "feed-back" from farmers was absolutely necessary for the progress
 

of useful, applicable agricultural research.
 

That research, basing its activity on "feed-back" should concentrate
 

on orienting its program towards resolving farmers problems.
 

That fanr-level testing provides information on whether the innovations
 

introduced are profitable and if so, to what degree.
 

That farm-1cvel testing becomes part of the training program of extension
 

agents, thus saving time and lowering costs.
 

That the presently existing extension model is based on 
the arbitrary
 

selection of generally inappropriate -extension themes by extension
 

administrators and donors not cognizant of farmers' problems.
 

CRITICISM OF THE PROGRAM
 

The continual search for fresh extension themes reveals the fact that a
 

systematic study of the farmers' traditional system of cultI'~tion is non­

existent. Such a study (which would constitute a component of FSR) would reveal
 

under analysis, the various constraints to increased production that exist
 

(agronomic, economic, socio-cultural, environmental, etc). Problems could then
 

be systematically identified, solved or at least addressed 
(usually in an ex­

periment station in the 
zone. It may be a little risky to try and solve them
 

in farmers' fields, but if experiment station researchers will not or cannot
 



undertake to study then., there may be no other al ternativeL I Far--level testing 

should not be confused with experimental trials intended to solve problems. 

The problem of integrating the activities of existing research institutions
 

with the activities of extension and the 
farmer still remains as a major
 

hurdle to be leaped. Possible solutions 
are suggested in the two alternatives
 

given below. Agricultural research activity out of intimate contact with the
 

existing situation and reality at farm-level and not seriously engaged in
 

resolving its short-term problems should not be permitted to continue.
 

In the model presented in Fig. 1, the Coordination Unit within the Extension 

Agency is responsible for farm-level testing. It obtains feedback and results,
 

passing them on to 
 SAFGRAD and ICRISAT or to EXTENSION. The research agencies
 

treat the material in differing ways. SAFGRAD presents the results to FCRC
 

and NARC along with the proposals for the program in the coming season. 
ICRISAT
 

and SAFGRAD (ICRISAT especially!) have direct contact/feedback relationships
 

with farmers and also indirect relationships via extension personnel. 
 Both
 

agencies will implement elements of PSR. 
Positive results 
from ICRISAT will
 

be transmitted to farmers via 
the following path way
 

ICRISAT/SAFGRAD/Coordination Unit/Extension Agency/Farmers.
 

In the model presented in Fig. 2 the Research and Training Center* focuses
 

the activities of Extension, Research (ICRISAT) and Farm-level testing (Coor­

lination Unit SAFGRAD). The Research/Training Center will be responsible of
 

3gents of the agency, including practical operational research devised from feed­

)ack from the Coordination Unit, which in turn will implement farm-level testing.
 

'Refer to Cunard, A.C. 1982: 
 Activities of Agronomist/Extensionist: Evaluation
 
of Technical Themes. OMM.
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Alternative I. 
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SAFGRAD will be responsible for the training while ]CRISAT will handle researchl 

on 
farmers problems at the Research/Training Center. 
 All sections, Research,
 

Extension and Training will establish direct contact/feedback'links with
 

the farmer.
 

Summary Overview of SAFGRAD Program 

The initial aim of the SAFGRAD program was to transmit research results
 

to the farmers. It was found however 
 that the so-called improved varieties 

developed and tested on experiment stations were worthless, but that yield
 

increases with local varieties were possible with the use of fertilizers as
 

shown by farm-level tests. 
 Tilemsi phosphate was 
chosen as a locally produced
 

low cost fertilizer and was foudd 
to have positive initial as well 
as residual
 

effects on yields.
 

The expansion of the farm-level testing program involved the establishment
 

of a coordination-unit of trained agents at the heart of each of the five
 

extension agencies; 
 the development of a methodology of-farm-level testing
 

including demonstration and "feed-back" components and the establishment of
 

an efficient smoothly operating logistical system.
 



APPENDIX A
 

Gilbert's (1980) description of "upstream" research describes ICRISAT's
 

agronomic research component in Mali. It is directed towards finding "...out
 

how to overcome major constraints common to 
a range of farming systems extended 

across one or more geographic zones. The partial. or total removal of a constraint 

such as water availability in arid areas and soil fertility in the humid tropics 

can significantly expand the range of enterprises and techniques which becan 

potentially utilized by farmers. Such programs mainly contribute to the tbody 

of knowledge' rather than develop practices specifically tailored to a local 

situation. Prototype solutions produced by 'upstream' FSR programs must be further 

adapted by 'downstream' FSR programs to specific local conditions. Further 

'upstream programs' may provide inputs into the establishment of research priorities 

for commodity improvement programs since the 'upstream' perspective is broader 

in terms of commodities and disciplines than commodity improvement programs. And 

their geographic perspective tends to be broader than that of 'downstream' programs..
 

Ultimately 'upstream'programs should rely on feedback from 'downstream' programs
 

to sharpen their own research priorities or objectives. Extensive use of ex­

periment station trials often characterizes 'upstream' programs" (Gilbert et al, 1980).
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