3 2.'—?1{' /I/ o PN-AAS-399

SnbE ON~-FARM TRIALS; AN OVERVIEW®
fLManslg*,v"i‘ H. J. W. Mutsaers** |

1Iﬁfroductidn’ B L
| Research institutes have tradltlonally deuelooed neuhl
technologles* under controlled (statlon or sub—statlon)
icondltlons and passed on "provcn" technologles to t?e
exten51on service for demonstratlon and 1ntroductlon to
farmers. The condltlons on the statlons are often far from
comparable with those of farmers, even phvs1cally 801ls ﬂﬁ
may be different as to their 1ntr1n51c propertles or because
of the long-term effect of station utlllzatlon.' The cropp-
ing systems used at the statlon, if any, hardly resemble

the farmers' as regards crop assoc1atlons, successions etc;

Futhermore, typical "whole-farm aspects" are not con51deredl

such as the technologies' effect on the farm's labour f;lm(i‘
the farmers' scarcity of resources, sub51stence needs of. |
the farm householéd etc. | -

It has become ¢lear that there exists a wide gap
between station research and extension, which hampers the
transfer of new technologies to farmers or even prevents
the development of technologies which are relevant for

farmers. Station research can to some extent be improved

*"Technology" 1s throughout used in a broad sense and means
any (combination of) physical production factors employed
in farming (cropplng techniques, use of chemicals,
implements crop varieties etc.)

°Same notes prevared for the On-Farm Exnerimentation Traininda
Workshop, Myankpala, Julv 3 - 14, 1984,

*Aaronomist, Farming Svstems Prooram, International Institute
of Trovical Aariculture (IITA), Ibadan, Niaeria.
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;ﬁpan to narrow this éap, e. g. by paying mere attentlon to
:ﬂmlxed cropping or by modelllng a farm enterprlse on station.
5(e.g. the "Unit farm" approach- Menz, 1979) Farmers'
1cond1tlons can only very partially be reoroduced in experlmenté?
statlons and the only relevant testlng grounds are to be |

found in farmers"flelds. Tests under farmers' condltlons

are therefore a necessary step in a technoloqy development

process.

The place of on-farm testing in the research process

The end product of conventional agricultural research are
"improved production packages", consisting of a number of -
components which interact to yield the desired optimum results.
The development of these packages usually takes place under
controlled conditions.

The argument for the inclusion of severel components
in a package is that best results are obtained when each
component is combined with an optimum combination of other
components because of the synergistic effects between them.
For this reason new varieties are rarely offered to farmers
as such, but mostly with several recommendations attached
such as sole cropping, recommended density, fertilizer dose
etc. (Because of this pre-occupation with packages, breeders
rarely knuw how their varieties perform under otherwise

unchanged, i.e. farmers' conditions).



_ ;fﬁech°e6mponent in a paCkege may deviate from'thet'

~ ffarmers' practice and may or may not meet with his resis;Ltf
'tence. In case of rejection it will be more difficult‘tthf

find the reason for rejection as the oackage is more . »

complex. Furthermore, the orlglnator of the package is

often not 1nvolved in the introduction process and the

deficiencies of the package may go completely unnoticed.

The On-Farm Adaptive Research approach departs from
conventional research methods by adopting the following
principles:

a) new technologies will only be~adepted if they are
appropriate for a given area Shdufor a given farm type;

In order to make an adequate choice of technologies

for testiné under farmers' conditions the scientists

need to know these conditions. An exploratory surveyi

should therefore preceed any on-farm testing program. -

b) A new technology must £it into the farmers* existinge
system. If the technology requires a Change}ih~that
system the researcher should be aware that unlntendedi
side effects may cause rejectlon. ‘He must therefore
monitor not just the new technology itself but also

its interaction with the rest of the system,



l~ci;thhe farmers' judgment on a new technology is the end .
’“v.result of several separate judgments. For a new crop
~variety this mav include its competitlon}with'asso-_

ciated crops, lodging, vields, taste,'storability,
processing characteristics etc. . The researcher needsg;
1to evaluate these separate Judgments 1n order to s

a

unerstand the farmer's overall oplnlon.

The implications for the farmer of & technology or
package can only be predicted very partially in the research
station. The OFAR approach therefore advocates a shift of
the research process to the farm, hy making the parformance
of a technology under farmers' conditions and the farmers,
evaluation an object of study. A technology is not consi-
dered "proven" and the task of the researcher is not

completed until the technology is adopted by'farmers.

Objectives of on-farm trials

The broadest objective of on-farm trials is to identify
new technologies that will improve the productivity of the
farm and are acceptable to farmers. This objective leaves
a lot of latitude: a new variety that is resistant to a
major disease may single-handedly bring about such an
improvement, albeit small, without the need to change any-
thing else in the farmer's system. At the other end of the

scale, a completely new farming system may be conceived



- which could drastlcally increase the farmer s product1v1ty,
but at the cost of upsettlng his whole way of life.
More spec1f1c objectives are needed to formulate an |

on-farm testlng program. Such objectlves are. 1n1t1ally'ﬁf“

- identified through an exploratory survey and contlnuously‘
adapted as the testlng program proceeds.' It 1s most |
important that the obJectlves be made as exp11c1t as posslble
in order that the trial treatments can be derived from them
in a direct and logical way. General objectives such as

"to improve farmers' yam production techniques"” need to be9
refined before they can be translated ‘into a testlng orogram.
A more "operational" objective would be "to 1mprove farmers'
yam production through better mechanlcal and blologlcal weed
control measures."

To d& farmer a new technology will only be of 1nterest
if it is better than what he already does. A trlal must |
therefore enable him to compare and this comparlson must
be built into the design of the trial.

Many trials do not obey this rule and are therefore
difficult to evaluate, both for the researcher and for the
farmer. .

As an example, consider a "demonstration trial" where
a new maize variety is compared with the farmer's, with and
without fertilizer. If the non-test factors, such as land

preparation, intercrops, density etc. in this trial are



rthe same as the farmer's and the trlal 1s lald‘out 1nﬁa ,'
;farmer s maize field, this w111 allow a clear comparlson'\
between the farmer's and the new var1ety at two Fertlllzer‘
levels, under farmer S: condltlons.w If ‘as 1s oFten the case,
]the trlal is done under sole croo condltlons, at a "recommenQ%
ded" den51tv, both dlfFerent from the ‘armer s, andlln a.
separate field, then the relevance of- the tr1al bccomes
dubious. The trial will of course correctly measure the
performance of the two varieties at two fertilizer levels
under the conditions of that trial, but there is no compa-
rison with what should be the standard, i.e. the farmer's
practice. The farmer may wonder wﬁyithe researcher uses
sole cropping and a high density but the answer will not
obvious from the trial results. At best he may be impressed
by the looks of the new variety and next vear, try it in his',
own system, ignoring the other»elenents; This example
introduces the crucial issue that a trial should_onlyrdevlate
from the farmer's system as far as the‘intendedktest
variables are concerned.

If the stated objective of the above trial had been to
test a more productive maize variety plus a moderate dose
of fertilizer, then the test variables are variety and
fertilizer and nothing else. The objective does not justify
other changes such as sole cropping or a different density,
unless the expression of the higher productivity of the new

variety requires these additional "technologies." This is



often claimed by breeders, some t1mes for no other,reason

than the fact that they'bredthelr varletles under‘those

conditions.

This is not to say that there mayvnotigonetrmes?be
merit in testlnq a technoloqy package around a new varletjl
instead of only testlng variety + fertlllzer in the farmerls
system. This should then however be the explicit aim and
the trial must be designed accordingly to enable relevant
assessment both by farmers and researchers.  The design issue
will be discussed in more detail below. |

Apart from avoidable mistakes as in the above erampie»
unintended differences between a trial and the farmer'e
practices may occur in several and often‘unexpected ways.

A farmer may wieh to keep a trial out of his favoured fields
and offer land which otherwise would not be'cropped at

all or which he intends to use for another than theitrial
crop (combination). A yam trial may‘then end up inltne
middle of a cassava field or a weed contrel trial;nay be
planted in a field that would normally remain fallow and

is heavily infested. with difficult weeds.

In summary, a general rule a team nas to keep in mind:
is that a trial should not deviate more from the farmer's
system that it is intended to do. .Or,.stated in other terms:
any on-farm trial should be imposed on the farmer's system
and differ from that system only in the intended test

variables. Only in that way can a trial measure the



o
e

advantage that“a*ﬁéwltgéhnql¢gy*;eéreséhgs;§ve;7the:fafﬁeriggg;

own.

Classes of Test Technologies

1. Elementary technologies

A technology will be called elementarv lfﬂlf ceeﬁet
be broken down into seoarate elements and 1f 1t can beV
applied without requ1r1ng addltlonal changes in the farﬁlna  i
system. Examples of elementary technologies are a dlsease
resistant variety or fertilizer applied to one of the crops‘
in a farmer's mixture.

A combination of two elementaryv technologies wouldlee‘

a new maize variety with fertilize;. Sometimes a teqﬁhelegjf
requires a modification in the system in order to be*appliéi
cable as when an increase in the density of a crop reQuires
ridges instead of the usual mounds. Such simple "eombosite
technologiesﬁ will also be considered members of fhis class.

Researchers should be aware that what they consider
as elementary may in fact be or turn out to be more complex,
as when a new cassava variety does not allow staggered

harvests and thus requires a change in the farmer's harvest-

ing technique.

2.  Composite rechnologies
A technoloay will be called composite if it is made up
of several interdependent elements, which cannot be consi-

dered in isolation. An example is alley cropping which



»fconsists of the‘followihg elementséf?'ffxﬂ,

- establishing the alleys

- major pruning at the start of the grow1na season*and

;d1spos1ng off the branches
- jreoular trlmmlng durlng the qrow1ng season

- “contlnuous cropplng on the same Fleld

involves:

- growing the target crop in sole stend
- growing less of that crop ‘in- hlS other (mlxed) flé‘;
- 1f 1t is a one season crop, replant the F:|.e1d to" anotber

crop in the next season.

3. Technology packages
A combination of several (composite and elementary)

technologies will be called a technology package. Each or
part of the elements in the package may have an effect on
its own but the combination is thought to exploit the
synergistic effect among the elements, thereby producing
an optimum result.

| A technology package does not necessarily deviate:
dramatically from the farmer's practice. IITA and other
institutes for example are developing packages around

traditional crop combinations such as maize/cassava.



%3The package may 1nc1ude mutually compatible varieties,
,yﬁfertlllzer, row tlllage w1th 1moroved implements etc. They;pffg

":conventlonal "1mproved productlon packages" for sxngle';

'crops whlch have been produced extensively by vxperlment }3,[**
fistatlons of course also fall in this class.~ | |
| Researchers are often tempted to use package tfialsp
- because of their wish to maximize impact and make rapid
progress. They must be aware that each element in a packaqe
may 1nvolve more changes from a farmer's point oF v1ew !

than they perceive at first sight. This may areatly 1ncrease
the dlfflculty of monitoring, evaluating and 1nteroret1ng

the results, both for the researcher and for the farmer.

Whether a given technology belongs to one or the other
of.these classes depends to a large extent on the reference
base, i.e. the farmer's system. For a farme; who is used td.
grow sole maize at high density with fertilizér, a new
variety with the attached package of fertilizer and recbmmemded
planting density is an elementary change, because he was |
already accustomed to the other elements of the package,

It is useful, as vart of the so-called ex-ante evalua-(
tion of a technology, to meficulously enumerate the changes
that technology requires in the target system. This will
aid the research team in choosing an appropriate design and
in monitorina and evaluating the trial and the farmer's

opinion about it.
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Types of on-farm trials

ELementary technology trials
In this group of tr1als a small number of elementarv-

new technologies are compared w1th the farmers' own in an

,otherw1se unchanged system.. They are based on the assumo-’

tlon that improvements are p0551b1e in an exlstlng system,i

without changing that system drastically. Such tr1als w1ll

be particularly useful in a new OFR nrogram, when the
researchers have insufficient knowledge of the system to
venture into more consequential technologies or Dackages.’

The limited use that has been made of thls kind of
simple trials may be due to two calses:

1. Until recently there has been little interest of
researchers and developers in the improvability of
traditional systems, which were often thought oF as
simply obsolete and should be replaced bv "modern":;fﬁ
techniques. These modern technlques,‘ln the form of ;
packages would often be tried in.isolation ‘rom the “

traditional systems.

2, Station research sets the standard for on-farm trlals}
An important requirement for field trials are unlform
exnerimental (within block) condltlons to reduce’ (o
exnerimental error. ' This unlformlty is obtalned by
choosing uniform land but also by applylnq all non-

treatment operatlons (land oreparatlon, plantlng,



3den51ty, fertlllzer, weedlng) in a unlform way. In
,.on-farm trials w1th elementary technologies the tr1al;f"”
' condltlons are the Farmer s land and hlS cropolng

Hsystem on whlch the treatments are 1mposed There 1s

ﬁr,'often a great within-field varlatlon, both as to. sollfﬁifd
' cond1t1ons and management, 1nolud1ng comp051t1on off'”L'
vthe crop mixture. The non-treatment variation there- :
fore avpears unacceptably large and conc1u51ons are
thought to be barely p0551b1e. Dackage trlals are
cleaner" because most trial conditions are. part oF
the treatments and can therefore he controlled by the?dﬁh
res=archer. - |
The non-uniformity of trial condltlons is an 1moortant
problem that deserves attention. mhls and other
comollcatlons of: on-Farm trlals are dlscussed 1n the
following e?amole. Hany of the 1ssues ralsed w1ll e

also apply to other types of on-farm trlals. -

Examnle

O

Consider an "ekploratory"'trial whereyz new ma%ze
varieties are compared with the farmer's varietf; with and«‘
without fertilizer. There will thus be 6 treatments; The
farmer's system consist of growing maize in association
with tassava. Cassava is”grown on mounds with the maize

planted at the foot of the mounds. Some vegetables are



 §i6ﬁn at low overall demsity on the sides of the'mounde;'tt
“%A flrst source of variation between experimental DlOtS
;fw1thin farms will be variable mound dlstance, espec1ally
‘ when plot size is small. The average mound spacing used
bv farmers should be known from the exnloratorv survey or
other observatlons. The Farmers may then be asked for the'
4purpose of the trial, to make the mounds at a leed dlstance,
equal to the average. | |

It should not be too diffiéult to expl&in to farmers
wﬁy,this will improve the trial. If there are importante,f
differences among farmers regarding plant density, this  e:
difference should be used for a seﬁarate classification;

Another source of within-farm variation may be unequal
maintenance, e.g. some plots being weeded earlier than others
‘This will be more of a problem as the trial is bigger.

In an initial, exploratory trial, the farmer will be
- reluctant anyway to devote a large area to the "improvedﬁ
treatments, particularly an unknown variety. 1In that;cdsej
&with 6 treatments, and one rep per farmer, (see below) tﬁe;
total size of the trial will be such that it is easily {
weeded in one day. |

The minimum plot size for this type of exoloratory
trial should not be less than 50m2m. Tnere are statistical
advantages in having more than one repiicate per farmer.

~ The farmer x treatment interaction can then be easily


http:expla.in

Separatedffrbmﬁfhe error. The . accuracy of a tr1al w111
often be: greatly improved if thls 1nteract10n term 15 '@ffyd
accounted for.. Farmer x treatment interactions may arlee dﬁik
‘ from Dhy51cal dlfferences among fields (e.g. 5011 type) .

or from differences in management. Door malntenance

h(weedlng) for example will have a strong eFfect on the
expression of treatment dlfference, with, 1n_the-extreme
case zero yield for all treatments! .

Often, however, it w111 not be fea51b1e to use more
than one replicate ver farmer. In the above example, two';
full replicates would requlre 12 oicts per farmer, wh1ch~ ‘
may meet with his objectlons, when the trlal is embedded
in an existing field, as it should be.

Furthermore, the "visibility" of the,treatmeht differ-
ences is reduced by a multitude of plots;”ih:euch:a;cgée
the following method can be used to pavtiall§racccuntk
for the farmer x treatment interaction. It will hOrmaiiy

be necessary to consult a statistician.




An addltlonal quantlty whlch is exoectemf,oklnfluence ff

1'the treatment effects can be measured 1n each F1eld fIffV};V«ﬂ

well chosen, the 1nteract10n between thls covarldte,
‘sultably adjusted for means, and.the treatments will in
many cases account for a large Dart of the treatment and

farmer interaction. (The remalnder of the treatment x farm”

interaction is of course.the~error.tcrm of the Analvsis off_,
variance). _mhe 51mplest solutlon is to choose the exoerl-f

ment's average block (fFarmer) yleld averaaed over all

treatments as the "additional" quantlty, which may be
expected to reflect management quality, everything else
(soil!) being approximately equal. A numerical example
is given by Morris (1981).

Assistance by a statistician will be required fcr |
this types of analysis, particularly.in the caseicfdmgssiﬁg4
plots. |

After an elementary technology or a combination ha
been adopted by farmers, new elements -can be added on. In
‘thls way one actually develops a package in a steo by stecm
mapner. This plecemeal approach should be serlously

considered as an alternative for direct package testina,



The end result of the two' approaches should theoretlcally
be the same. | | K

To extend the above example in thls sense, assume.that
one. of the new varletles and a moderate Lertlllzer dose ared‘
,accepted The next step could be to 1ncrease the number_
of maize stands, which w1ll requlre ridges instead of mounds,
‘Inc:eased(dens1ty will also require a higher fertilizer
dose (on an area basis). An important aspect of these
additionai elements, to be closely monitored, is the effeot.
of the increased maize density and vicour on the associated
cassava. It may be necessaryjat this point to inttodﬁ§e="

cassava variety as an additional factor.

Composite technology trhials

These trials are characterized by a small number of
treatments, often only two, viz. the farmersf technology
and the alternative. IRRI's "cropping pattern trials" are
examples of this type, where one or a few new cropoing
patterns (e.g. two short cycle rice crops annually) are
compared with the farmers' traditional pattern (e.g. one
long cycle rice crop per year only). It will be cleafvthat
. growing two rice crops per year instead of one is a compo-
site change: there are two land preparations, plantings and
harvests; direct dry seeddng of the first crop instead of

the usual transplanting may be necessary to match two crops



with the rainy season, the use of herb1c1des may be necessar§
because of dlrect seedlng,'new, short cycle varieties are
required; a heavler fert;llze dose is required to compensate
for the inCreased nutrient removal by two crops, etc.
Another example 1s a trial where -a permanent alley cropplng
system is compared with the farmer's system of alternatlng
crooping and bush fallow.

The treatments in composite trials will have to be
anplied on a fairly large scale to be at all feasible and
to allow measurement of all relevant parameters. In the
cropping pattern example the water management for two crops
is different from that for a 51ngle crop and the experlment;‘
al unit must therefore have independent water supply. In |
the case of alley cropping, a small alley plot cannot be
managed by a farmer after the surrounding field has gone
into fallow.

Furthermore, labour requirements for the two systems
can only be monitored if the experimental plots.are of a
realistic size. A major problem of these trials is the
basis of comparison for the new technoiogy.r The researcher
should try to lay out the new technologf and the farmer's
system side by side, as in any other field trial. Further-
more, the trial period must cover at least one full cycle,
suitably defined. 1In the case of the cropping pattern

“example this will be several years, because of,the cumulative



treatment effects: the intensiﬁe cropping pattern will put
heavier demands on the soil than the usual single crOp,e 
the effect of which will riot be immediately aooarent.’~The~
heavier fertlllzer dose does not exculde unexpected effects;
It has therefore been found useful to "suoerlmoose" a
fertilizer level trial upon the new cropping pattern, in
order to monitor such effects and to be able to quickly -
respond with a modified fertilizer regime (Dr. K. D.;Sayre[J
pers. comm.). |

In an alley cropping trial a full experimental cYcle _V
would at least cover one full cropping-fallow cycle Of*tae
traditional (reference) system.

"Pure" composite technology trials are probably rare.
In the Asian cropping pattern trials the experimental
patterns are invariably combined with an optimum combination
of improved practices, imposed on that patterh. These trlals
are therefore actually package trials (see below). A 5°}17
management technology such as alley cropplng can hqéever

be profitably tested within an.otherwise unchaﬁged system.

Technofogy package trials
The simplest package trials are those that test a
comb'ination of elementary technologies imposed on an exist-

ing cropping system or pattern., In a maize + cassava-sysﬁem
this could be mutually compatible, improved maize and cassaVa

varieties, at a recommended plant arrangement, with fertilizer
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and herbicides. The design of the trial is Obvious;‘with  f?ff
the farmers' maize + cassava system being the basis of-
comparison. It would be straightforward to use one or th‘ 
intermediate packages as additional treatments, which‘resg;fé'
in an "add-on" type of trial allowing the asSessment of'ﬁﬁé |
added effect of each additional (set of) technolqgiés.“ |
It has the great advantage of making it clear to the farmer
that he has a choice and may select that part of the full
package that suits him best.’ Such package trials are rela-
tively easy to analyse both for farmers and researcher |
because of their clear objective, viz to improve upon an E

existing system through a limited number of interventions.
A more complicated case is a package that consists of

a composite technology such as sole crop maize as an alter-
native to the farmer's maize + cassava mix, combined with

an improved maize variety, fertilizer, recommended density
etc. First of all, the reasons for ooting for sole cropping
must be made explicit, because there are no obvious biolo-
gical reasons for separating the crops of the farmer's
mixture. In many conventional package trials these reasons
are not at all obvious. Secondly, growing maize as a sole
crop entails growing cassava as a sole crop as well, iﬂ 
case the farmer wants to grow both_Crops, for example

because of his subsistence needs or risk spreading.
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Therefore, the experimental package could consist of both
maize and cassava grown sole, one or both of them with a

set of new technologies attached. However, the growing
period of cassava is at least double that of maize, o after
the sole haize a second crop must be gfown to make the new
package fully comparable with the farmer's. The full package
thus consists of an alternative cropping system combined
with a number of elementary new technologies.

The divergence between the package and the reference
system is large and evaluation by the researcher requires
the collection and analysis of many data.

The researcher, after his analysis, may be convinced
of the superiority of his package, but this may not be so
obvious to the farmer. Again, as in the first example, a
small number of intermediate steps may be included in such
trials, e.g. the farmer's own mixture, combined with a

package of improved technologies.
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