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ECONOMIC ANALYSIS OF ON~FARM AGRONOMIC DATA
USING A MICROCOMPUTER: APPLICATIONS TO THE
ADAPTIVE RESEARCH PROGRAM IN MALAWI
by

Benson Phiri
ABSTRACT

The Department of Agricultural Research (DAR} in
Malawi has made a modest contribution to small farmers
in supplying them with recommendations they can adopt.
This was largely due to the biological emphasis of the

department.

In order to introduce social scientists and follow-
ing 1in recognition of the poor adoption of recommended
technology, Farming System Research (FSR) was introduced
in 1979, that has now changed to Adaptive Research. This
also followed a major reorganization of the department

into Commodity and Adaptive Research Teams.

Bioclogical scientists rely on analysis of variance
in evaluating alternative technologies and while it is
useful in determining the significant differences among
treatment means, it is not sufficient for making recom-
mendations to farmers. Building on statistical analysis,
economic analysis evalutes alternatives in terms of

their profitability attractivi:ness. Economic models that



can be used are discussed and simple benefit cost and
marginal benefit cost analyses have been demonstrated in
this paper. The results indicate the necessity of ec-
onomic analysis in making recommendations to farmers and
how guidance to policy makers can be had from sensitivity

analysis.



CHAPTER I

IMPORTANCE OF ECONOMIC ANALYSIS

1.1 The Problem

Smallholder farﬁers constitute the bulk of the world's
cultivators. They operate in areas where population pres-
sure is high, have access to minimal resources, exist at
a low standard of living and are subsistence production-
oriented with minimal access to services, including agri-
cultural services. Consequently, to merely subsist these

smallholders must use their meager resources efficiently.

While Malawi has enjoyed considerable surplus food
agricultural production over the last five years, small

farmers have not adopted innovations as much as hoped for

by planners (ISNAR, 1982):

"Malawi has achieved a qualified success in its
efforts and is one of the few African countries
to achieve positive rates of growth in food and
crop production. Yet, the success is qualified
because smallholder yields remain low and small-
holders have not adopted technological innova-
tions as rapidly as many planners and develop-
ment experts had anticipated." (Hansen-et al.
1982, p. 11}.

Farrington (1975) attributes this to the focus of

the country's agricultural research:

"the difficulties of applying the results of



such experimental work to smallhclder farming
are manifold....and a situation is frequently
encountered in which, the results of research
efforts, although of apparent technical merit,
are found to be unacceptable to the smallholder
and unworkable in practice." (Farrington, 1975,
p. 5).

He suggests orienting research so that all rele-
vant facts of the farmers' situation are taken into

consideration.

Agricultural research in Malawi, until recently,
failed to address the majority of the critical needs and
priorities of the smallholder community, due tc the De-~
partment of Agriculture Research's (DAR) orientation to
higher resource producers (Nyirenda, 1984). The Research
Department's trials were largely on-station, there was
little input from farmers. Thus, the trials were no dif-
ferent from those on the stations (ISNAR, 1982). Data
analysis failed to take into account economic factors in
deriving recommendations. Hence, théy were viewed as
inappropriate by small farmers. Poor adoption of recom-
mendations and external recognition of the need for re-
crganization of the Department led to the establishment
of Farming Systems Research (FSR) (Hansen, 1981}. This
appreoach, recently renamed Adaptive Research, has made
partners of the farmers and extension peronnel in the

technelogy generation process.




This paper will explore principles in economic
analysis applicable in typical farming systems research
projects that must be incorporated into technology asses-

ment if appropriate technolegy is to be developed.

1.2 Background

Biological scientists performing station research
rely greatly on statistical analysis. While useful in
determining the existence of significant difference be-
tween treatment means, nevertheless, it is not adequate
in making recommendations likely to be adopted by farmers

(Perrin et al. 1976).

Heady and Dillon wrote:

"Frequently, the experimental design and
statistical procedures used have only al-
lowed indication of whether mathematically
significant differences exist between the
yield or output level of two or three dis-
crete treatments or input levels...Here the
goal of research often has been to answer
the question: Does the material or rescurce,
used at any level whatsoever, give a res-
ponse? (Heady and Dillon, 1960, p. 2).

In contrast to statistical analysis, budget analy-
sis can be used to evaluate the most profitable of sev-
eral alternative technologies. Production function analy-
sis applies economic principles to determine the profit
maximizing level of input application and output level
or the most profitable level of inputs for specified out-

put, other things beings constant. Thus, knowlaedge of



appropriate relationships and economic principles lead

to more practical recommendations and inferences.

In Malawi, economic principles have not been used
to make recommendations because:
1) Maximum output was used as the criteria for select-
ing recommendations for farmers, requiring input levels
seldom identical to the most profitable levels of output;
2) the statistical methods employed to guide research
design were based on biological procedures which generated
discrete data for point estimates; and
3} many physical biclogical scientists were not acquaint-
ed with production function concepts and economic princi-
ples defining profit maximization or cost minimization.
Therefore, economic concepts and principles have not been

incorperated into planning experimental trials and analy-

sis.

Economic analysis, although necessary, is not suf-
ficient. 1In some cases, after thorough economic analy-
sis, technologies are rejected by farmers, This reveals

a need for more rigorous analysis for trial development
and policy guidance to better reflect the complexity of

the situation. (Harrington, 1980}).

Harrington (1980) argues that ecconomic analysis

alone does not address the complex issue of making




recommen&ations. He put forward "farmer assessment",
whereby farmers' experiences with technology are used to
guide on-going research and policy issues bearing di-
rectly on the adoptability of that technology. Farmer
assessment entails the use of qualitative information.

(Harrington, 1980}.

Together, economic analysis and "farmer assessment”
provide the socioeconomic information needed to arrive
at stable and representative recommendations. This ap-
proach is now being implemented through adaptive research
teams recently established in the DAR in Malawi. This
objective justifies the allocation of additional resources
to generate new knowledge leading to the development of

promising technology to meet farmers' needs.

More resources must be set aside to collect data
needed to develop recommendations which consider non-
biological facets considered important by smallholder

farmers {i. e. cultural and socioceconomical aspects).

1.3 Appreoach

To develop recommendations, economic analysis of
agronomic data-after thorough statistical analysis-must

be made.

Several models may be used. These models are gene-

rally divided into two broad categories: those which



address the economic profitability of agronomic results
and those dealing with whole system feasibility. The
first includes budget analysis {(partial, complete and
marginal benefit-cost), production function analysis and

simple risk analysis.

Whole system feasibility models are particularly
needed in farming systems research where the farm is
taken as a holistichentity and the interdependence be-
tween the system's components is considered. Some models
applied to the whole system are simplified and linear

programming.

This exercise focuses on budgeting technigues using
spreadsheet programs for some of the analysis. Spread-
sheet programs are only tools which speed up data analy-
sis. When changes are made to one or several data values,
the final solution is recalculated rapidly. These pro-
grams are especially handy with "WHAT IF" guestions
(Sonka, 1983). Solutions tosuch analysis provide feed-
back to policymakers when testing the sensitivity of
changes in prices and other parameters on economic re-

turns.

1.4 Objective of the Study

The objectives of this study are to: 1) review

FSR/Adaptive Research in Malawi and point out the need




for socio-economic analysis, 2) describe several trial
models appropriate for the analysis of agronomic data,
and 3) illustrate and compare selected economic models

for evaluating profitability.

1.5 Presentation

To give a clearer perspective, Chapter 2 reviews
the evolution of farming systems research with emphasis
on what has actually happened in Malawi. In Chapter 3,
issues related to methodologies in socioeconomic analysis
are discussed. Chapter 4 reviews economic models for
evaluating on-farm trials and applies some models to ac-
tual data. Analysis of variance is also performed and
the results are interpreted. Chapter 5 provides a sum-

mary of the study and draws conclusions.

1.6 Data Sources

The data comes from agronomic experiments conducted
by the FSR section and adaptive research teams involving
agronomists, socioeconomists, extension agents and farm-
ers in Malawi. In addition, the author participated in
the FSR project and includes observations based on his ex-

periences.




CHAPTER II

EVOLUTION OF FARMING SYSTEMS/ADAPTIVE RESEARCH

2.1. Agriculture in Malawi

Approximately six million people live in Malawi.
Over 90 percent works in rural areas as smallholder
farmers (Malawi Government National Statistical Office,
1981). "Some 85 percent of Malawi's 6.3 million people
are directly involved in agricultural production, and
many others derive their livelihood from service to ag-
riculture" (ISNAR, 1982, p. 3). Pressure on land is in-
creasing so rapidly that in some areas additional land
for cultivation is unavailable. Population densities in
Northern, Central and Southern regions in 1906 were 43,
42, and 65 per square kilometer. In 1977 these figures

were 59, 60, and 87, respectively (Table 2.1).

Maize is the preferred staple for nearly the en-
tire country and is grown by the majority smallholder
farmers., Over half of cultivated land is allocated to
maize production (Table 2.2). Additional important crops
grown are groundnuts, pulses, cassava, millet and sorghum,
potatoes, rice, cotton and tobacco (Table 2.3). These
crops are grown by small scale farmers in varying inten-

sities throughout the country. There is alsc some tenant




Table 2.1. LAND ARSi, POPULATTION AND DENSITY 3Y REGION AND DISTRICT, 1966 and 1977
1966 h 1977
Area Land Area| Poopulation Land Area | Population
Population | (s5q.Km) Density(2) Population | {S5:.Km) Density{2)
(1) (1)

Mala®i 4,0%9,583 ob 079 L3 5,547,560 9k, 276 59
Morthern Region Lg7,k91 | 26,874 *0 648,353 .| 26,931 2k
Chitipa 59,521 b, 281 1% 72,316 3,504 17
Karonga 772,687 3,346 23 106,223 2,956 32
Nkhata 3ay 33,911 h,082 21 5,303 &,088 26
Rumphi 46,636 b, 758 *0 ) 52,450 5,952 1"
Mzimbe 229,736 10,407 22 ¢ 301,361 10,430 29
Central Region 1,474,952 35,519 ¥2 _ 2,142,716 35,392 60
Kasungu 97,472 7,866 12 1oL L34 7,878 25
Nikhota-Kota 62,918 4,250 15 g, 270 b, 259 22
Ntehisd 66,762 1,653 =0 87,637 1,655 5%
Dowa 182,000 3,237 3t 247,502 2,081 81
Salima 86,552 1,986 b 132,276 2,196 60
Lilongwe Lad, 524 £,146 It 7oLk, 17 €,159 1L
Mehinii 85,324 3,349 BES 358,323 3,356 7
Dedza 230,715 3,616 2y 2¢i, 50 X, 624 b4
Ntcheu 154,685 2,16 L3 225, sk 3,424 £
Southern Region | 2,767,1bC 31,686 3= 2,738,501 31,753 &-
Mangoch: 232,602 6,260 e 302, 241 6,272 L2
Maching:» 226,506 5,952 x2 341,836 5,964 s
Zomba NmN-UOA N.m‘vm e} W.HN.MM.P m‘wmo 4\ﬁ.,l
Chiradzulu “T2,%07 76h 1 478, 1EL 767 23
3lantrre 237,280 1,885 226 Les,082 2,012 2Cc®
Mwanze 41,981 2,290 ‘3 k05 2,295 b
Thyole 235,605 1,738 Tid 222,000 1,715 188
Mulanje 235,831 3,042 ‘14 L<7 56 3,450 132
Chikvava 1L, 364 4,835 3 13k, b2g 4,755 b
Nsanie | scd23b 4 1,945 2 | es, 058 1,942 5¢

(7) The land areas for certain districts
ef 1946 due o technical improvezent.

toundaries within “alawi-

(2) Number of sersons ver sg, ¥ilemeire,

SCURCE:

Population Tensus,

1977.

for 1077 are slightly larger than thoae
in weasurement and changes in district




Table 2.2. HECTARAGT EBY UL TIVATION AND BY

i Land i hectaraoe | Hectarage ! Hectaraos
IHectar—i Fossibile For | Unoer i Lncer
Keaion i  age | Cuitivation | Cultivatiorn | Maize
m ||||||||||||||||||||||||||||||||||||||||||||||||||||||
[ LS a0 I (7000) ] AL
|||||||||||||| P — ——————— ) ————
Malawi b3, 408 1,088 + 73
I i
Northern Regionl =, 687 1io 1 &5
| i
Central Region | 3,552 463 V76
! |
Southern Regioni 3, 169 495+ Ba |
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII (]
- |
(1) Hectaraze nossible for cultivation exoressed as a _
cercentage of total lamd hectarage.
|
{2) Fectarace under cultivation exoressed as z
nercentage cof hectarace cossibie for cuitivat:ar |
(3) rHectarage under malze excoressed as a serceatacs orF
sectarace uncery cuitivation.
S0URCE=: Tetal Land hectarace Trom the Malaw: (255
dpzuiation Census, S:mnal Reoport.
HecTarace gossinle for cultivation from
estimates precared v tha Department o
Agr:cuisure, 1383, Hectaragce unde- gulizivetiion
anc hecvarace vrder walze From Fvational Zaxolse |

~

Survey of Aoriculture. 1388/53".



Table 2.3. PRINCIPAL CROPS: HECTARES: UNDER CULTIVATION ON CUSTOMARY LAND BY REGION, 13988/67, Malawi

Region

177.1
935.9
1.9

4.9

Thousand hectares

| Malaws: } Northern |

Type of Crop v 1 Kegion !
||||||||||||||||||||||||||||||| | ———— e e e e e ]

| i }

Total Cultivated Hectarage [ 1,361.5 | 1€6.9 I

i | |

Maize i 1,068, 1 1 110, 2 t

| l !

Groundnuts 1 a49.3 - [ 35.8 i

i I 1

Pulses i 841.72 [ 7.7 i

i 1 |

Cassava i z238.6 I 37.3 {

1 - !

Millet and Sorghum I 49&. 2 | 29.9 |

| H l

Potatoes § 180.5 | 8,0 |

H | |

Rice | 48.3 1 7.6 I

| I |

Cotton | 36.8 i .S [

| | 1

Tobacco 1 34.7 | .7 |

28. 4

Southern
Region

197.1
416.7

171.8

b
o
o
X

NOTE: Hectarage under mixed stand are included for each crop in the mixture

but only once in the totals. Total also include hectarages under crops

not listed above. All figures are subject to sampling error.

SOURCE: , National Sample Survey of Agriculture 1968/69.
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farming-mainly on tobacco estates. Livestock include

dual purpose cattle, goats, pigs, poultry and sheep.

Malawi has a comparative advantage in agriculture

relative to other African nations.

"Malawi is...an altogether too rare example
of an African nation self-sufficient in food.
For the last couple of years, it has exported
large quantities of grain, and to scme extent
the country has been able to come to the aid
of its drought-stricken neighbors by selling
maize...Already this year, more the 40,000
tons of maize has been sent to Zambia...and
50,000 tons is being sent to Zimbabwe". (The
African Business, 1984 pp. 50-51).

Malawi has produced agricultural surpluses, enabling ex-
port of food, including maize, to drought-stricken neigh-
boring countries. The bulk of production increase result-
ed from more land cultivation since DAR recommendations
were not widely adopted by farmers. (ISNAR, 1982; Depart-

ment of Agricultural Research, 1983a).

2.2 The Research System Before Reorganization

Malawi's research stations were located over the
entire country, as shown in Map 1.0. Disciplinary f(agro-
nomy, pathology, etc.) and commodity (maize, groundnuts,
livestock, etc.) researchers operated individually ---
performing on-station trials without inveolving the farmers
for whom they were doing research. In this system re-
search stations were the focal points (Department of Ag-

ricultural Research, 1983a). In addition, poor communi-

12
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cation between research and extension resulted in exten-
sion and research staff blaming each cther for farmers

poor adoption of recommended technologies.

There had been little emphasis on any commodity
or discipline. Important crops like maize and ground-
nuts failed to receive a proportionally greater allot-

ment of the budget over minor crops (IADS, 1983).

2.3. Farming Systems Research

The phrase, farming system research, refers to a
more holistic approach of integrating biological and
social scientists as they try to understand what farmers
do, why they do it and how gradual modifications can be
incorporated to increase yield-given limited research
resources and time (Collinson, 1979). The proposed in-
novations are then tested on farms with farmers' full
participation throughout the technology generation and

evaluation processes.

Four steps were followed in Phalombe, located in
Southeastern Malawi. These conform to the general steps
for conducting farming system research: 1) review and
diagnostic surveys; 2) planning the testing of alterna-
tive technologies; 3) testing alternatives; and 4) eva-

uating the tests, recommending new technologies and

14




planning the next set of trials (Hansen et al., 1982).
Innovations developed through these steps are likely to
be acceptable since the innovations are successfully
tested on farmers' fields and favorably evaluated by

participating farmers.

Because of poor adoption of previous research
recommendations and an overall need to upgrade the Re-
search Department, farming systems research was intia-
ted in Malawi in early 1979. Dr. Michael Collinson from
CIMMYT demonstrated the diagnostic survey in the Ntcheu
Project (South of Chitedze), the first step in a FSR pro-

gram (Hansen, et al., 1982}.

The FSR section in the Department began operating
with the arrival of Dr. Art Hansen from the University
of Florida in 1981, one year after the diagnostic sur-
vey was demonstrated. During the 1981 season, the sec-
tion conducted three surveys in three areas (Phalombe,
Lilongwe and Bulambia plain), with help from agronmists
and extension personnel working in these locations.
Trials were planned for only two of the three areas be-
cause of logistical problems {i.e. one area was too far
from Chitedze). Assistance was also given to the Liwonde

Agricultural Development Division.

15




The FSR section focused on priority problems of
small farmers and identified opportunities to relieve
these constraints. It also assisted the Ministry of
Agriculture to identify high priority problems. con-
fronting farmers, understand systematic constraints and
opportunities, and make recommendations based on on-

farm trial results.

The basic responsibilities of the sections were to:
1) coordinate various research disciplines/specia-
lists and extension staff efforts in research and
development,

2) develop an understanding of local farm econo-
mies and ecosytems through direct involvement in
problem diagnosis and constraint identification,
and

3) plan gradual modifications to solve problems,
and evaluate promising alternatives under farmers’

conditions, through the four step process.

In the section's early period, simple trials were
mostly designed to test for significant differences pe-
tween mean yields. Simple answers were sought in most
trials, especially those in Phalombe. Analysis of vari-
ance was used to test if applying fertilizer made a

difference in the yield of two maize varieties (an improved

16



composite and local maize). The trials in Lilongwe,
using a completely randomized design, also tested the
response of local maize to fertilizer, but at several
levels. While these trials provided preliminary re-
sults, detailed trails were needed to investigate the

issue in greater detail.

In essence, the goal of the research was to iden-
tify the most relevent variables to bring about the
greatest contributions to development. However, the
effort lacked an analytical focus. Time was spent col-
lecting data without a clear use for it. Numerous other
surveys were conducted, in addition to the normal FSR
surveys. The section had problems analyzing and present-

ing findings for use by other sections.

Funding for the FSR section was provided by USAID-
University of Florida admin;stered project to strengthen
the DAR. The section's research was intended to compli-
ment other research sections (Hansen, 1981). Yet, other
members of the DAR were generally hostile to the new
section. In contrast, the Extension Department welcomed
farming systems research because they saw its potential
in bringing relevance to poorly adopted research re-

commendations.

17
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The FSR section had three full time staff members,
including an expatriate from the University of Florida's
Department of Anthropology. The other two were new eco-
nomics graduates from the University of Malawi. Because
farming systems are complex, efforts were always made to
bring together other relevant biological disciplines each
time the group visited farmers or farmers' fields. Dur-
ing the last period (1982) before the FSR program was
changed to adaptive research, the group spent considerable
time on an extensive data collection exercise in the Li-
longwe Project under the tutelage of Dr. Hansen. Minimal
analysis was done because the survey was extremely broad,

covering all aspects of rural life.

Due to its composition, the section had the poten-

‘tial for undertaking good socioceconomic analysis. How-

ever, considerable time was spent on methods of approach-
ing and obtaining information from farmers. Reviewing
trial results from Phalombe indicated no clear socioceco-

nomic analysis methodology was ever used by the section.

The section's undertaking show that the FSR methodo-
logy, as applied in Malawi was not cost-effective. Given
the meager resources in developing countries, researchers
must efficiently allocate available research money. The

challenge now is how to effectively achieve FSR objectives,

18




given severe financial and personnel constraints. DAR
needs to gc beyond the rhetoric of FSR that has obsessed
most of the pioneers of the methodology. Too much at-
tention has been given to describing FSR without per-
forming quantitative analyses to help solve the problem
of developing recommendations to meet farmers' needs.
Researchers in developing countries must seek other ways
and means of collecting only data pertinent to them and

other departmental researchers.

More emphasis must be on analysis. The current
issue 1s how to proceed after the conversion process,
using methods of analysis of farm trial data which build
on farm management research, general microeconomic mo-

dels and sociological methodology.

2.4. Adaptive Research Teams

The FSR section was established in the predeominant-
ly station-focus DAR program to seriously take farmers'
situations into account. Subsequently, reorganization
of the Research Department into commodity and adaptive
research teams focused attention on strengthening these

teams.

The reorganization of the Department also resulted
from poor adoption of recoamendations =cming out of re-

search station trials. This was well documented in
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"The Malawi Agricultural Research Strategy Plan"
{Department of Agricultural Research, 1983a). This

plan represents a milestone for Malawian agricultural
research and is based on the belief that the Research
Department could have more influence on the development
process. This has been achieved through a reassessment

of the scale, structure and functions of the Department

to maximize the contribution of the Department to develop-

ment (Department of Agricultural Research, 1983a}).

The eight elements in the new strategy plan include:
1) establishing an Agricultural Research Council respon-
sible for defining agricultural research policies, review-
ing and establishing program priorities, and reviewing
and recommending research programs and projects. It will
be composed of a cross-section of senior government offi-~
cials and private sector representatives, with a spectrum
of disciplines to reduce bias.
2) reorganizing the Department to focus on commodity and
adaptive research teams instead of research stations.
3) reofganizing the research station network to reduce
overhead costs by closing down some stations and supple-
menting facilities needed to support commodity teams.
In the past, approximately 47 percent of the funds avail-

able to the Research Department went to maintaining the
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many stations spread throughout the country--some in very
similar agro-climatic conditions.

4} strengthening the technical capacity of the Depart-
ment through advanced training to M.S. and Ph.D levels,
non-formal training at international agricultural research
centers and institutioﬁs, on-the-job training from foreign
technical consultants and senior Malawi scientists, and
workshops and seminars.

5) taking ample advantage of technologies and services
available from internaticnal agricultural research centers,
African regional research institutions, neighboring coun-
tries and other nations.

6) upgrading the systems of planning, budgeting, financial
control, monitoring, and evaluation.

7} bringing about close collaboration between education
and research through introducing of grants-in-aid or con-
tact research programs. Immediate assistance will be pro-
vided to research workers that are expéected to be trained
to the graduate level at Malawi colleges. Research scien-
tists will be encouraged to teach formal courses at these
institutions.

8) making certain research is relevant to farmers' needs
by establishing formal links among researchers, exten-
sion workers, and farmers (Department of Agricultural

Research, 1983a; IADS, 1983).
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Because the Department made so many changes at
once, there is a strong concern about the possibility of
the plan's success. In my opinion, the changes may have
been imposed on the research system to reorient bioclogical
researchers who seemed content with what they were doing.
Although these changes are considered great improvements
over the old research system, the old structure appears
integrated into the new. The participants' philpsophy
about research has not changed. These changes may be
more cosmetic than real with researchers clinging to the
old orientation. Also, the changes may be too numerous
for effective management. Finally, the reorganization plan's
overriding assumption that people will effectively work

together as teams requires careful consideration.

Within the reorganized structuré, adaptive research
teams play a very significant role in relaying informa-
tion back and forth between extension workers, farmers,

and on-station commodity research groups.

The FSR section's reorganization to adaptive re--
search teams (ARTs) operating out of the main station,
took place in 1983 after the FSR section was denied re-
sources for more trials and after the departure of Dr.
Hansen at the end of the USAID/UF funded project. The

teams were instituted for the same reason as the FSR
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section-to develop farm-tested recommendations appro-

priate for farmers in different zones. The teams ideally
were to provide farmer feedback to applied research teams
on stations and adapt available technology to local con-
ditions-thereby providing more relevance to the research

program as a whole.

The World Bank presently funds the program with
training supefvised by the East Africa CIMMYT staff.
The teams operate pilot projects in two of the eight
Agricultural Development Divisions (ADDs). In the near
future, as additional Malawians return from graduate
training abroad, it is hoped all eight ADDs will be cov-

ered.

It is interesting to note that adaptive research
leaders define ‘adaptive research as farming systems re-
search. Yet, some team members fail to understand this
and do not see the relationship between the ARTs and the
old FSR section's undertakings. To add further confusion,
some believe that the project is the first one in Malawi
and hope CIMMYT researchers will solve their problems for
them. Adaptive research is doing exactly what the FSR
section was instituted for. The author believes little
meaningful work will be done, although the teams will

cover all ADDs with more people involved. Therefore, it
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would be beneficial to identify lessons learned from the

FSR effort to avoid repeating earlier mistakes.

The major difference between the FSR and ART

approach lies in leadership and reorganization of the
research system. One must realize that station-based

teams have undergone minimal changes. It remains to be
seen whether the reorganized structure will be more ef-
fective and responsive to the farmers' circumstances.
Another difference from the FSR section is that the ARTs
will operate in the ADDs institutions of the Department

of Agriculture which provide extension serviceS among other

activities.

2.5. Functions and Objectives of ARTs

ARTs are multi-disciplinary groups comprised of
social and agricultural scientists, which involve exten-
sion workers to examine smallholder farming systems.
This aids in the planning and dissemination of the adap-
tive research program with the overall objective to pro-
vide smallholders with recommendations to increase their

resource productivity.

This objective will be achieved through the follow-

ing six functions:

1) collecting data on different farming systems in each

ADD to formulate relevant adaptive and applied research
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programs consistent with national and small farmers'
goals;

2) carrying out on-farm adaptive research trials;

3) providing an effective link between research and ex-
tension through direct involvement of extension workers
in problem identification, content and design, manage-
ment and evaluation of trials, and formulation of re-
commendations; and continued dialogue with on-station
applied commodity teams concerning potential technologi-
cal solutions and applied research thrusts;

4) providing information describing relevant institu-
tional and infrastructural anstraints(i.e., those dealing
with the delivery of inputs, input supply, credit and
marketing);

5) providing on-the-job training to extension field as-
sistants in day-to~day management of trials and assess-
ment of potential new technologies; and

6) providing information and training to subject matter
specialists, development officers, and technical assistants
in each ADD to equip them to efficiently communicate de-
veloped recommendations to farmers (Adaptive Research sec-

tion, 1983).

The ARTs will operate in each of the eight ADDs -

instead of from Chitedze - the main research station (Map 1.0}.




The teams will constantly collaborate with extension
workers and also interact with applied commodity re-
search teams through seminars and meetings. The nation-
al coordinator -the most senior research scientist- will
be based at Chitedze Research Station and be in close
contact with the teams as well as other coordinators.
Applied researchers (operating under controlled condi-
tions} will work with closely controlled station experi-
ments and their work will trickle down to the adaptive
research teams. In each ADD, there will be two agrono-
mists and one socioeconomist as team members--a total of
24 researchers. Although assigned to ADDs, the team mem-
bers will still be directly under the DAR-- reporting to
the coordinator who will report to the Chief Agricultural
Research Officer (CARQO). The team members are based in
ADDs to formalize the link with the Extension Division

of the Ministry of Agriculture.

The team members mostly hold B.S. degrees in gene-
ral agriculture from Bunda College of Agriculture and are
expected to be trained at the Master's level. The team
members are assigned responsibilities which sometimes
stretch outside their general training, including socio-
economic analysis duties. Consequently, the socioeconomic

input and analysis are likely to be highly inadequate and
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the trials will be no different from those on-stations.
They are unlikely going to take into account what the
farmers do (ISNAR, 1982). This is reflected in some
trials undertaken during the pilot training program in
which the treatment levels did not include the common

farmers' practice.

The teams will also lack the respect from both
extension and other staff on stations because the mem-
pers are mostly recent graduates with minimal experi-
ence. In contrast, other sectors with whom they inter-
act have experienced staff. Thus, it may be difficult
to influence them in any meaningful way. There exists
a need for strong leadership if the ART's input is to

be taken seriously.

While the Farming Systems Section had too much so-
cioceconomic focus, the adaptive research teams have tco
much of an agronomic focus. A balance between these two
perspectives is required in order to serve farmers appro-
priately. This will also ensure constructive dialogue

and criticism when farmers' fields or farmers are visited.

2.6. Other Issues Relating to Adaptive Research Teams

First, in Malawi, the ART's conmposition suggests

no profound socioeconomic analysis will be done. These
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teams may only serve the purpose of taking on-station
trials to farmers' fields which was already being done.
This involves testing technologies under varying envir-
onmental conditions, such as rainfall. It must be re-
membered that FSR was conceived when social scientists
discovered recommendations from biological scientists
were not being adopted as much as anticipated. If these
same biological scientists dominate the program to a
point where the social scientist's input is minimﬁm,

the same recommendations will be produced and low adop-
tion will follow. In Malawi, for the first year after
the ARTs were established, there was virtually no input
from farmers in terms of input levels and trial content.
After the diagnostic survey, field plots were simply laid

out on farmers' fields.

Second, in making recommendations, it must be under-
stood that the economic optima are not constant from sea-
son-to-season as existing extension recommendations im-
plicitly assume. Rather, optimum treatment varies accord-
ing to conditions that change from year-to-year. Adap-
tive research should seek to understand how changes occur
and how the recommendations will change from season-to-
season and location-to-location. For example, if input

and output prices change substantially, re-analysis of
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the data 15 needed.

Third, the small farmers' world is excessively
complex, in fact, more complex than commercial farms
in Europe or North America. This complexity is in terms
of the environment, available resources, farmers' goals,
and institutions (Bernsten, 1980). Taking into account
these factors requires rigorous analysis that cannot be
taught by short courses conducted by the CIMMYT staff.
Training is required for social scientists above mini-
mal MS requirements -- perhaps a few to the Ph.D. level--
with strong training in analytical methods, research
methodology and philosophy. This will also help teams
to communicate effectively with other teams and thus
have more influence on work performed by other teams on

stations.

A fourth issue requiring attention is the method
of choosing representative farmers. During the pilot
program the author took part in some of the work done in
one region, The extension field assistant directed the
team to friends who did not represent area farmers.
These farmers were well off by village standards. A sy-
stem needs to be devised to select typical farmers in-
volved in these trials. This could be done by asking

farmers to cooperate during the first visit and randomly
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select a few from this group to participate in on-farm

trials.

Fifth, in the early years of adaptive research,
more control over trials needs to be exercised so that
accurate date for analysis can be obtained. As more and
more information becomes available and a clearer picture
of relationships evolves, control may be reduced. Too
little initial control only results in controversial and
inconsistent interpretation of findings. If initial re-
sults are confirmed, farmers can then be made responsi-
ble for managing these trials for widespread testing of

recommendations.

Sixth, there is the problem of funding continuity
after the wWorld Bank support comes to an end. One reason
the second year's trials were not conducted by the FSR
section was that the Department could not afford to fi-
‘nance it as USAID's portion of funding grew smaller.

This must be considered now with ways to assure continu-
ity determined. ©One way of ensuring continuity would be
to reduce the cost of the operation as they move to ADDs.
The teams should only collect data directly relevant to
solving problems. Surveys must be focused so as much in-
formation as possible is collected in a single visit.

Leaders need to inform teams that cost effective methods
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be used wherever possible. FSR work has been performed
by institutions or agencies with deep pockets--which is

not the case with developing governments.

Finally, little time was spent with farmers. Thus,
the levels at which farmers operate were assumed. Inter-
views were usually hurried and not well focused. This
is also due to the use of CIMMYT's overloaded guidelines.
More time must be spent during the diagnostic survey so
the exact practices or rates farmers use are identified.
This information should then be used to establish realis-

tic control rates in on-farm trials.
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CHAPTER I1II

ISSUES IN IMPLEMENTING FARMING SYSTEMS RESEARCH

To create a favourable environment for farming
systems/adaptive research, several issues must be ef-
fectively addressed. Some of the most important issues
as they relate to the Malawi projects are discussed be-

low.

3.1. Communicating Project Objectives

Adaptive research must be carried”oﬁt-;ith all par-
ticipants involved in making recommendations to farmers,
including extension technicians who are essential to the
whole process because they are in constant contact with
the farmers. They must understand the objectives of the
project, why it was undertaken and how it was decided
that adaptive research should be done in Malawi. Other-
wise, extension staff may undermine the goals of the pro-

ject.

For example, extension workers may insist on plac-
ing trials on progressive farmers' fields. These pro-
gressive farmers must not be ignored, since they too need
assistance. Complex trials can be designed on their

fields. Yet, the objective must be to get farmers who
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represent, as closely as possible, the group of farmers
to whom the researchers want the technology extended
(Shanner et. al. 1981). Although such an exercise was
done when the Farming Systems Section was established,
it was not reemphasized with the advent of the ARTs.
Anyway, in most cases these discussions were held with
senior extension workers and the project officer who do

not work in the field with the teams.

Also, if the project objectives are not explained
clearly, the extension agent will probably think he is
being checked on and will have farmers report what he
tells them--even when he knows they are not following
what he teaches them. Therefore, the agent will always °*
want to take the team to those farmers who remember what
he tells them. The team and extension workers must rea-
lize that adaptive research is undertaken because recom-
mendations are not widely adopted and that recommended

rates are not the levels the farmers are using.

To understand farmers' practices, it may be appro-
priate to sometimes go out in the area without an exten-
sion worker. This will help avoid the problem of farmers
reporting the government recommendation instead of their

practices.
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3.2. PFarmer Involvement

Historically, extension workers were supposed to
teach the farmers what they should be doing without
farmers providing any input. The extension worker was
believed to have the knowledge and the farmers the ears
to hear what he had for them. For adaptive research to
succeed, the thinking of both the farmers and extension

workers must be changed.

Extension staff should realize they must learn from
the farmers before deciding what changes/improvements to

recommend.

To obtain accurate information during surveys,
farmers have to be told who the team members are, where‘
they are from and the purpose of their visit. Otherwise,
the farmers may think the team has come to give them cre-
dit and solve all their problems. When conducting inter-
views, there is a need to stress to farmers that the
team needs to know what they do -- not what the farmer
thinks he should be doing. Finally, the ART staff must

allow the farmers to ask guestions and be careful not to

give wrong or false information.

3.3. Understanding the System

FSR/ adaptive research is based on understanding

34




the present system so that changes can be made to improve
its overall performance. To understand a given activity,
it is necessary to determine exactly what farmers mean

by what they say. For example, a farmer may say he plants
with the first rains. Such a general answer must be clar-
ified. Rains vary in intensities and duration. It could
rain for two days, followed by a dry spell. Some farmers
woulg not consider these the first rains, while some would
and may plant their crops. Somehow farmers have a way of
knowing when the rains are sufficient to begin planting
and the ARTs must try to better understand how farmers

decide when to plant.

One should also realize that farmers make mistakes
in describing their practices. Farmers may make ridges
after the first rains because the ground is wet and plant
if they see the rains will continue. If asked, the far-
mers may say they planted with the first rains when they
actually meant they made the ridges with the first rains.
These examples illustrate how seemingly known practices
are wrongly assumed and therefoge wrongly estimated.
Thus, the details of the farming activities must be clari-

fied early in the research process.
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3.4 Commodity Program-FSR Dialogue

Another issue relates to coordinating adaptive
and applied research in the DAR. Success in adaptive
research depends on how well the teams relate to applied
researchers on stations, and how well farmer's problems
are diagnosed and resolved together. Previously, each
section has had its own goals, objectives and its own
plan of work. If one section, in the course of its own
work, obtained useful results which could soclve another
section's problems, these results were not communicated
since there was no mechanism for collaboration and co-
ordination between sections. Consequently, thereis a
need for the coordinators for each commodity and coor-
dinator for adaptive research to define how information
from adaptive research teams will be incorporated in their

own work (Department of Agricultural Research, 1983).

3.5 The Four Stages of FSR

So far the points made apply to the research system
in Malawi and methodological issues reguiring attention
prior to implementation of the four FSR stages: descrip-
tive and diagnostic, design, testing and extension. The

following applies specifically to FSR.

36




3.5.1. Descriptive and Diagnostic Stage

The objective at this stage is to choose the area,
describe the farming system and discover how the present

system can be modified.

During this stage, a representative target area
is selected in line with national objectives (Shanner,
et al., 1981). 1In the early years of the project, the
team tries to select an area where tangible results can
be obtained in a short time period to gain credibility.
In practice, projects often select an area with the ma-
jority of farmers following similar practices. An area
where similar practices are followed is known as a rec-

comendation domain (Perrin, et al., 1976).

After the target area is selected, existing base-
line data are collected to exploit all known information
about the area. This provides an initial understanding
of the area's existing situétion. The problem, however,
is that often information is not specific enough, if it

exists, or no information is available.

During this stage in on-farm studies, biological
and social scientists interview the farmers and observe
their fields to gain a deeper understanding of the farm-

ers' circumstances. Potential representative sites can
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be visited to avoid haphazard selection later. Class-
ification of the target area into recommendation domains
can be done using what Hilderbrand {1979) calls the
"sondeo", whereby scientists informally interview farmers,
and/or with an informal reconnaissance survey (Collinson,
1979). Collinson argues that reconnissance surveys ex-
tract the information needed to plan on-farm research,

so it becomes a waste of resources to carry out formal
surveys unless critical information is missing (Collinson,
1980). In addition, the ARTs should collect supplemental
information tﬁrough semi-formal surveys when trials are

in the field and when the team is monitoring on-farm tri-

als.

3.5.2. Design Stage

Following the descriptive stage, on-farm trials-
are designed, based on the needs and constraints in a
particular target area. The relevant strategies are
identified to help alleviate identified constraints. At
a general level, individual, societal, and natiocnal goals
should be considered in designing these trials. This 1is
dif ficult because of conflicts, but in most developing
communities farmers are concerned primarily with food
self-sufficiency, and money as income. These trials

must include some sources of food and income-generating
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activities. 1In Phalombe, trials included a mixture of
maize and cowpeas (for food self-sufficiency), and sun-
flower for money (Hansen, et al., 1982). Farmers need
some cash for other needs since total subsistence pro-

duction is nonexistant.

Specific experimental variables should be chosen
that provide the greatest potential to increase the pro-
ductivity of the most limiting resources {Hansen, et al.,
1982; Bernsten, 1985}. Treatment levels must include
the farmers' practices, government recommendation, and
at least some higher level to allow for socio-economic
analysis (Bernsten, 1985). Changes in technology must
be incremental and recognize that smallholder farmers do
not adopt whole packages of technologies at once {Hansen,

et al., 1982).

Another issue relates to choosing cooperating
farmers to participate in on-farm trials. If the same
farmer is chosen every year, the management of that far-
mer may improve tremendously. As a result, he/she will
not be representative of the population. The team needs
to verify if the farmer s' management improves because of
their presence. If so, other farmers should be chosen.
On the othgr hand, it is appropriate to choose the same

farmers each year if they did not change their practices
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as a result of the researchers' presence. Choosing
different farmers every year may be necessary for an
overall test of the whole area. After arriving at treat-
ment levels, other factors directly interacting with the
treatment levels are monitored. Such factors includes
rainfall occurences, duration, etc. These must be iden-
tified during this stage so methods of monitoring them

can be devised before trials are put in the field.

Locations and seasons affect the level of optimum
yields from a set of treatment variable. Therefore, an
effort must be made to establish trials in different lo-
cations to test if the results can be applied over the
whole recommendation domain. Different locations roughly
can be demarcated using soil characteristics information,
if available. Also, farmers may have some idea of varia-
tion within a limited area. Seasonal variations are also
common. An estimate of the number of years of trials
required can be ascertained by evaluating rainfall data ,
if available. Three to five years of trials are normally
sufficient in one area. Otherwise, the ARTs can obtain
a general idea about the frequency of bad years by asking
farmers about the freguency of drought because farmers

can generally recall this type of information.
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3,5.3 Testing Stage

After representative farmers and fields have been
selected, and treatment levels and variable identified,
trials are conducted to examine and evaluate promising
practices under farmers' conditions. In Malawi, re-
searchers manage the test inputs on the farmer's field
and the farmer provides everything else. Usually, the
performance of technology drops as it is moved from the
somewhat artificial experiment station conditions to the
farm level and drops even further when the farmer manages

the technology.

During the testing process when trials are in the
field, there is a great deal of interaction between
farmers and research workers. The researchers visit the
farmers and interact with them, focusing on how the far-
mers perceive the improved strategies (Hansen, et al,

1982).

In this stage, labor and other data required for
economic analysis are collected. For example, wage rates
are collected for different categories'of labor and the
lengths of time people take to perform a task. In Malawi,
data on a per-unit of land basis is not availakle so a
stop watch can be used to collect this data for all areas
with trials. Although labor is the most abundant factor

of production, it is a constraint during certain operations.
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To value family labor, its opportunity cost must he used
since family members are not paid in cash. Man-hour
equivalents for children and women may not be appropri-
ate if these groups complete the same amount of work as
men, as is the case for activities like weeding or ap-
plying fertilizer. Unless male labor really does moré,

there is no need to discount women's or children's work.

puring the testing stage on-farm trial data are
analyzed (analysis of variance) to identify significant
differences between treatment means. In addition , the
data is subjected to economic analysis. Several pro-
blems arise in carrying out economic analysis. First,
even if output is. mainly designated for subsistence
some output is sold. Therefore, the price the farmer
would incur had he not produced the product himself
should be used to value the output. Second, output
prices are not constant throughout the year. The price
may be qguite high during months of severe food short-
age, but very low at harvest. Although this has never
been done before in Malawi, it would be nice to analyze
the data using prices that represent the two extremes
(lowest and highest) and an average price for the year.
This requires additional work, but can easily be done

with a budgeting spreadsheet program, as described in
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Chapter Four.

3.5.4 Extensicn Stage

Results are implemented at this stage. At this
point extension personnel are involved to extend the
results to the whole recommendation domain (Gilbert,
et al., 1980). The researchers must monitor and evalu-
ate the degree of adoption so that lessons can be in-
corporated into the design of future trials. The ART
must determine the number of farmers adopting the improv-
ed technology and identify reasons for any divergence
from the existing recommendations. While some deviation
is expected because farmers usually want to try something
before they devote all their resources to it, poor adop-
tion may indicate a need for further testing to better

meet farmers' needs (Harrington, 1980).

In practice there are no clear boundaries between
these four stages. Information obtained at any stage
may serve as a basis to refine research priorities, de-

sign new trials and reanalyze on-farm trial results.
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CHAPTER IV

ECONOMIC MODELS FOR EVALUATING ON-FARM DATA

4.1 ECONOMIC MODELS

Much of the foregoing discussion described the
Department of Agricultural Research. In this chapter,

Economic models will be applied to data collected by the Department.

If farmers' goals and economic parameters such as
prices are not taken into consideration, it is impossible
to determine how farmers will assess the technology, re-
gardless of the yield response. For this reason, statis-
tically significant results may not be very attractive to
farmers. This does not mean that statistical analysis
is of no value. It is useful in determining the biological
response in the experiments. But in addition, economic
analysis is needed to assess the profitability of recom-
mendations. Economic models are appropriate for model-
ing the farm situation - assuming farmers roughly and
indirectly evaluate technology in terms of benefits and

costs.

Economic analysis can be presented in two comple-
mentary ways. There are those models that address the

direct profitability of an enterprise and those which
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assess the total feasibility of all recommendations. Be-
cause of a shortage of data and the limited sccpe of this
paper, the latter will only be discussed while the former
will be illustrated using agronomic experimental data.

In addition to a discussion of economic models, variabi-
lity over space and time is discussed with sensitivity
analysis performed in the illustration. This is by way

of changing prices only.

smallholder farmers are mainly concerned with food
self-sufficiency, although they need some cash to pur-
chase essentials (Hansen, et al., 1982). Although pro-
fit maximization is a simplification of their overall
objective, it is a realistic assumption on which to base

our analysis.

4.1.1. Simple Benefit Cost Analysis
Purpose

The purpose of simple benefit cost analysis is to
evaluate the attractiveness of recommendations 1n terms
of benefits and costs to the farmer {Dillon and Handaker,

1980) .

Trials which may be analyzed in terms of simple
penefit cost analysis are usually designed to answer
yes/no questions and are exploratory in nature. The
method measures the relative profitability of two treat-

ment levels or variables. An example would be comparing
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a single recommendation with the farmers' practice.
Data

The type of data needed are the costs of the in-
cremental inputs, the yield of the control and the treat-
ment and the prices(s) of the output(s) produced. The
analysis attempts to determine which treatment gives

higher profit.

Analysis

These trials allow the researcher to easily con-
clude which one of the two alternatives has a greater
impact on yield and profitability-making it possible to

ccncentrate on refining treatments in subsequent trials.

Advantages and Disadvantages

Simple benefit cost analysis has limitations. The
technology cannot be analyzed indepth because there are
only two treatment levels. As there is only one compari-
son, it will be impossible to know if there are other
possibly more profitable alternatives. Thus, the two
levels will probably not include the profit maximizing

input level. Simplicity is the only advantage.

4.1.2. Marginal Benefit Cost Analysis
Purpose

The purpose of marginal benefit cost analysis 1s
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to compute the ratio of the rates of increase of benefit
to costs at several incremental treatment levels (Perrin,

et al., 1976).

Data

With multiple treatments, it is possible to approx-
mate the economic optimum, in that there will be at
least more than one comparison. To perform this analysis,
the trials must have at least three treatment levels:
the farmer's practice, the recommended practice and some
ievel higher than the recommended level. The farmer's
practice is estimated through surveys (formal as well as
informal). For this analysis, data is needed on the
costs of all inputs including labor input for each treat-
ment. Sometimes the opportunity costs must be estimated
where there are no money transactions. Yield figures of
the treatments must be collected as well as the price
per unit of output--which could be either the official
announced price or some local selling price. For out-
put not sold, the oppcrtunity field price should be es-
timated based on what the farmer would receive for the
product if he sold it. 1In Malawi, one problem with the
official price is that it is the lowest price the farmers
get at harvest. The farmers could sell the same product

for more than twice the official price two or three months
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after harvest when the product is less abundant. It
would be a gcod idea to roughly estimate how prices ac-
tually vary because prices are not constant throughout
the season. Then, include both the official and the
highest possible price in estimating the value of the

product.

Analysis

Marginal benefit cost analysis considers only the
cost of inputswhich are variable. In the process, bene-
fits are obtained by multiplying net yield with price per
unit of that output for all the treatment levels. The
costs for all the variable inputs are calculated by multi-
plying the amount of the input by the price of that in-
put when money transactions are involved. On the other
hand, for non-cash transactions opportunity costs are
estimated (Perrin, et al., 1976). Family labor falls
in this category. After the benefits and costs are es-
timated, the researcher arranges the treatments in des-
cending order according to net benefits {(gross benefit
minus costs). Dominant treatments are selected by com-
paring benefits and costs of each. This process elimi-
nates those treatments yielding lower benefits, but
which are more expensive than others yielding the same

or higher net benefits with lower costs. These dominated
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treatments are the ones that farmers will not follow,

so further analysis is nct required.

After the dominant treatments have been selected,
the costs of those treatments are put side by side with
the net benefits. The analysis proceeds to estimate the
marginal benefits and costs. The marginal rate of re-
turn to the variable factor is calculated by dividing
marginal increase in benefits by marginal increase in
costs of adjacent treatments for all the treatment lev-
els. As a rule of thumb this rate must exceed 40 per-
cent given the severe scarcity of capital in developing
countries (Perrin, et al., 1976). This level is sub-
jective though. This is interpreted as the expected
return to investment in the variable factor of produc-
tion. Any return of greater than 40 percent will likely

appeal to farmers.

The best treatment is the one with the highest rate
of return. The analysis can be taken further to incor-
porate risk. This entails examining the variability of
results. If minimum returns analysis shows that the re-
sults are not so variable; then the input level is a
recommendation that has a high chance of being adopted
(Dillon and Hardaker, 1980}.

The overall aim of this analysis is to derive




recommendations consistent with farmers' desires to in-
crease expected income, to avoid risk and to make the
best possible use of the farmer's scarce resources (Dil-

lon ard Hardaker, 1980}.

Advantages and Disadvantages

The advantages of marginal analysis include ease
of performing the analysis, the needed data can be ob-
tained easily from designed trials, and farmers can
understand the trials--making the analysis appropriate
for on-farm research. Another advantage is that the
method uses only costs that vary so that only the costs
of a few items are needed for the analysis. For example,
fixed costs are excluded. The marginal analysis i{s in
line with the overall objective of on-farm research to
introduce marginal changes into the present farming sy-

stem.

The major disadvantage 1s that costs and benefits
at the treatment levels are evaluated. The most profit-
able level might be between the treatment levels. In
this case, profit is not maximized as it would be if a
continuous function was used in estimating the response

curve between treatment levels (Heady and Dillon, 1964).
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4.1.3. Production Function Analysis

A production function is a guantitative relation-
ship between inputs and output, which can be verbal,
tabular, geometric or algebraic. The estimation and
analysis of such relationships are preduction functien

analysis (Dillon and Hardaker, 1980).

This type of analysis is more analytically complex
than marginal benefit/cost analysis. Therefore, it is
difficult to apply to the real world situations without
problems. It is based on more complicated theory than

any other analysis discussed here.

The method is not appropriate for individual farm
analysis, but only to guide government policymakers
apbout recommendations to farmers {pillon and Hardaker,

1980). For more detail, see Heady and Dillon, (1964).

Choice of Function, Data and Fstimation Procedure

The choice of a function to use is subjective, al-
though guidence can be provided by the following conéid—
erations: goodness of fit as depicted by R2 or corrected
Rz; a priori economic and physical logic; ease of analy-
sis for manipulation to find the marginal physical pro-
duct (for example); and the researcher's judgment of

implications to be drawn from the estimates (Dillon and

Hardaker, 1980). The choice of functions is narrowed
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down to three which are usually adequate. These are the
power, the gquadratic and the square root functions. The
quadratic function is usually preferred because results

can easily be used to identify optimum input levels,

Given experimental data with various input levels
(usually per hectare or animal), the function is esti-
mated by use of least squares regression procedures for
a single dependent variable (Y} and one or more inde-
pendent variables. With the advent of the computer, mul-
tiple regressions programs to do the analysis are read-
ily available. One needs only to enter the levels of the
independent variable, the yield, and to specify the model
being used. After all is entered, the program estimates
the parameters. Once the parameters are estimated, econo-
mic analysis follows the established methodology in maxi-
mizing profit to be discussed in the following sections.
The discussion is in terms of one equation as opposed to

simultaneous equations.

The QOptimization Process

{i}) No Constraints -

Given that a function has been chosen and parame-
ters estimated from the data, estimating the input lev-

els that maximize profit involves equating the marginal
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physical product for each input to the price ratio
(input-output). The marginal physical product.is

found by partially differentiating the estimated func-
tion (total physical product) with respect to each in-
put. The process basically involves equating the mar-
ginal value product (MVP) to the marginal factor cost
(MFC). The MVP is the same as the value of the margi-
nal product when the output price is constant and the
quality of the product remains the same. The MFC is the
per unit input cost--the price of an additional unit of
input when discounts due to bulk buying are not consider-
ed. The marginal value product can be obtained by dif-
ferentiating the total wvalue product function (which is
the totally physical product multiplied by the unit price
of output to get the function into value terms) and this
has to equal the unit price of the input which is also

the MFC.

The process is done for any number of inputs in
the function and a solution to the equations so formed
may be found. This method is appropriate for fertilizer
trials where no fixed costs are a major compenent of the

introduced technology.
(ii) With Constraints

For farmers, especially in developing countries,
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capital is scarce. The type of analysis to deal with
constraints uses other related economic c¢riteria in

the specification of input gquantities. For example,
farmers may be willing to settle for less than the
maximum profit level, given their limited capital out-
lay. Therefore, in such a situwation a minimum input
requirement can be defined and, coupled with the maxi-
mum profit point, farmers can decide what level to use.
In essence, this defines the range over which profit can
be made (from zero profit (minimum) to maximum profit).
The maximum level is identical to case (i) above and the

minimum is where no profit is made.

Advantages and Disadvantages

The main advantage of production function analysis
is that finite levels of input use may easily be deter-
mined without being confined tc the levels of input ac-
tually used in the trial. However, there are serious

problems with its use, some of which are outlined below.

It is difficult to interpret results from produc-
tion functions. There is alsc uncertainty about the ef-
fect of uncontrolled factors excluded from analysis
which interact with experimental treatments. Data for
estimation may be imperfect, thereby obtaining unrepre-

sentative parameters, While the estimated function can
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be interpreted as an average relationship across some
set of (hopefully representative) observations, there
are problems with averages. Parameters are interpreted
as holding all other factors in the equation(s) fixed.
Another problem is that complex trials are required to
obtain the necessary data. Yet, on-farm research needs
farmer input and understanding which diminishes with
increasing complexity of designs. On the other hand,
the complex designs depict as accurately as possible
the production surface, so that no combination is ex-
cluded from the experimental trials. These problems
make the use of production function analysis inappro-

priate for evaluating on-farm data.

4.1.4. Feasibility Programming Models

The profitability measures discussed above estimate
profitability on an individual enterprise or crop basis.
They do not take into account the feasibility of each of
the chosen levels of input in the context of the whole farm.
The feasibility issue is addressed by models that consi-
der the profitability of the whole farm in determining
the most profitable enterprise/crop combination for a
farm to maximize an objective such as profit. Some of
the models are simplified programming and linear program-

ming and only these two will be discussed in this paper.
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Before recommendations are made, economists should
evaluate how recommendations actually perform together,
given farmers limited rescurces. There are recommen-
dations from Malawi that are not feasible in the eyes
of the farmer specifically because they were developed
separately and never considered together. One such ex-
ample is the planting time for crops. The recommenda-
tion states that each crop must be.planted with the first
rains, but farmers cannot get all their crops in at once.
They plant them in order of their importance because there
is a severe labor bottleneck during that time. The only
alternative is to plant some of the less profitable or

less preferred crops sometime after the first rains.

Simplified Programming

Simplified prograﬁming is a valuable tool where in-
formation is available on available resources, constraints,
and yield or output levels of enterprises. It helps de-
termine the mixture of crops and livestock to maximize
net income from a given bundle of resources. The requir-
ed calculations are done by hand and as a result, a limited
number of enterprises can be considered. A hand calcula-

tor may be handy too.

There are variations to the methodology. The approach
discussed here is described by Weathers (1964). The exer-

cise first involves preparing enterprise budgets in terms
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of each resource requirement and net income per acre or
unit of livestock. The analyst then takes an inventory
of a farmer's available resources as accurately as pos-
sible. The process then becomes one of adding enterprises,
one by one, with those yielding the highest net income
coming in first. This exhausts the most constraining re-
sources. Essentially this principle involves maximizing
net farm income by first using up each limiting resource
in its highest profit use. Weathers employs three tables
to complete the analysis. These tables contain the fol-
lowing information and constitute the data requirements

for the analysis.

The first table contains the resource requirements.
The second table shows the maximum amounts of each enter-
prise, as if each were the only one in the solution.
This takes into consideration the most limiting resource
for that activity. The third table presents returns ber
unit of resources. For more detail consult Weathers (1964).
After these tables are prepared, a procedure for select-
ing the combination of enterprises to maximize net income
is followed. This procedure involves first considering
those enterprises with the highest return, then the next

etc., until all resources are used up.
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An advantage, compared to other programming met-
hods, is that no computer is required. With a small
number of enterprises and constraints considered (at
most 10 enterprises), the solution will usually be very
close to the optimum (Weathers, 1964). There are rules
to guide the inexperienced in the exercise. These rules
are straightforward and easy. In developing countries,
although computers may be available, access is a problem,
which makes this method appropriate. Considering the
fact that most small farmers have only a few enterprises
to consider and have fewer constraints than large farms,
this procedure seems appropriate. However, programming
their cases may not be easy due to their high degree of

subsistence and use of household resources.

Disadvantages include the long amount of time re-
quired for calculations, the limited number of activities
and constraints included so that reality may not be re-
presented, and the difficulty of taking into account in-
terrelationships among activities. On the other hand,
these limitations can be nicely %ncorporated in linear

programming, as discussed below.

Linear Programming

Linear programming is a procedure that uses more

complex analysis than simplified programming because it
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is computer generated. The final solution will only com-
prise of enterprises maximizing the income to the farmer

or households.

The needed information is presented in an initial
matrix of available resources, amounts of each required
per task, returns per unit and the constraints on the
activities in the matrix. The matrix can be made as
large as is appropriate. There is no problem finding
the solution since the computer does all the computations
using programs that have been developed and are used
widely. The method employed is similar to what is done

in simplified programming.

The major advantage is the method's use of a com-
puter which can process enormous amounts of data effici-
ently. Other advantages include the generation of ad-
ditional economic information about the optimal solution
and some supplementary information like the range in
which the optimal solution will hold. This information
will show how stable the optimal solution is, consider-
ing changes in prices and costs of resources. These
ranges are computed for activities in the solution as

well as those that are not included in the optimal plan.

However, a disadvantage is that the method reguires

a computer and requires experience in how to correctly
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program the analysis to get the desired solutions. It
is also time-consuming to construct the matrix and pro-
cess data for computer analysis. There are also the
problems inherent in the assumptions on which the tech-
nique is based (Dillon and Hardaker, 1980}. Linearity
assumes constant returns to scale applies to each acti-
vity. Also, linear programming makes the simplifying
assumption that all activities and resources are infi-
‘nitely divisible. This problem may be alleviated by us-
ing integer programming, although its routines are less
widely available and more complex. The last limitation
involves risk. No account is taken of risk, which is
perhaps a very serious issue for small farmers operating
under severe weather fluctuations since these fluctua-
tions cause variability in returns to input use. For
more detail 'on linear programming, see Heady and Chandler

(1958).

4.1.5. Variability Over Time and Space

For trials to be respresentative, they must cover
a sufficient number of locations, years, Or seasons.
With regard to location, the researchers must judge the
representativeness of each trial site with respect to
the areas where recommendations will be made. The more

homogenous the area, the fewer the number of experimental
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sites needed to represent it and vice versa. The same
principle applies to seasons. Some areas have very homo-
geneous conditions from year-to-year. This can be rough-
ly observed from rainfall data. In general, at least
three years of trials are required before reliable re-

commendations may be made.

Profitability and feasibility of recommendations
often assume away the fact that yields fluctuate over
time (i.e. between seasons) and space (i.e. location-to-
location). Failure to consider risk has serious conse-
quences when such fluctuations cause yields to fall be-

low the farmers' food self-sufficiency requirement.

Also, within a single year and on a single site,
yield varies due to differences between the same treat-
ments in different replications within that site. This
is not a serious problem--it simply corresponds to the usual
variation faced by farmers in a particular field. The
farmers automatically allow for this variation (Dillon
and Hardaker, 1980). This is also why trials are repli-

cated--so that an average picture is obtained.

Thus, the problem requiring further consideration
is the variability over the years and over locations with-
in the target area which results in different levels of

return to farmers that may jeopardize their existence.
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Minimum returns analysis (MRA} is used to examine the
riskness of recommendations. The procedure followed in
MRA is to appraise the worst 25 percent of the outcomes
of each alternative (Perrin et al., 1976). Net returns
for the worst 25 percent of the outcomes are computed

and the best of these 25 percent are assumed to be less
risky in that the farmer who is concerned about occa-
sional low returns cannot do better than achieve the

best of the worst. When experimentai data is used, even
abandoned trials (and plots within trials) must be includ-
ed so long as they were abandoned due to constraints con-
fronting the farmer. Trial treatments should only be ex-
cluded if farmers do not commonly face the circumstances

causing the loss.

Another source of variability is due to price fluc-
tuations. 1In most cases, the researcher is not directly
involved in policy making. Yet, the researcher can pro-
vide important input to policy makers through sensitivity
analysis. This entails changing the levels of prices to
show how recommendations will vary, holding everything
else constant. In the illustration presented in this
paper, prices are varied to show the impact of various
input and output prices on profitability. This type of

analysis is not currently done in Malawi (ISNAR, 1982).
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4.2. ILLUSTRATIVE ANALYSIS USING SELECTED ECONOMIC MODELS

4.2.1., Data Sources

Data used to illustrate the following economic analy-
sis were obtained from trials conducted on farmers' fields
in Malawi during the existence of the FSR section. The
other set of data came from the trials done by the ARTs
during the pilot program (1983/84)}. The data were ob-
tained in the Dowa-West project in Kasungu Agricultural
Development Division {one of the eight agricultural de-
velopment divisions of Malawi). Input and output prices

used were mainly those in effect during these seasons.

Both variety and fertilizer levels are evaluated.
The v;riety trial was cecnducted by the Farming Systems
Research Section while the fertilizer levels trial was
conducted when the section was reorganized into ARTs.
The variety trial was designed to evaluate whether or
not Chitedze Composite A (CCA) performed better than lo-
cal maize under farmers' conditions. The fertilizer

trial was designed to investigate the response of local

maize to fertilizer.

4.2.2. Analytical Tools

The statistical analysis package, MSTAT, Supercalc
and PC-Calc will be used. Economic analysis will be
done using Supercalc and PC-Calc, electronic spreadsheet
programs.
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4.2.3. rphe Illustrative Analysis

4.2.3.17, Variety x Fertilizer Trial

The trial was designed to test two varieties _
local maize and Chitedze Composite A (CCA)-at two lev-
els ,f fertilizer (zero fertilizer vs. the recommended
rate of two bags Sulphate of Ammonia and one bag 20:20:0
per acre.) An acre is approximately two fifth of a hec-
tare and a bag of each type of fertilizer weighs 50 kilo-

grams. The trial was conducted in two villages where

sixteen farmers participated.

Statistical Analysis

Yield figures in metric tons per hectare are shown
in Table 4.1. Since MSTAT cannot do analysis of variance
with an unequal number of farmers in the two villages and
the Malawi staff had already evaluated the trial using

ANOVA, these results are used and presented in Table 4.2.

Table 4.2. shows that maize variety was non-signi-
ficant iﬁ both villages and when combined. The two
varieties performed the same generally in both villages
(i.e. CCA did not yield significantly better than local
maize). Also, the intergction between the fertilizer
and the two maize types was non-significant, implying

generally similar response from both varieties.
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Table 4.1

Maize Yields On On-Farm Farmer-Managed Trial,

Phalombe, Malawi, 1981/82. (M.T./ha)

REATMENTS FIRST VILLAGE FARMER COQOPERATORS
1 2 3 4 5 £ 7
Local Maizce o2 2.2 1.9 .o 1.3 GLooo1.00 Gl
Fert, lLocal(LM-F) 3.6 3.7 4.3 3.2 2.3 2.3 3.1 o
TOOA Malzse{CCA) 3.5 2.0 2.9 0.4 0.6 0.0 0.7
Fersh COA(CCA F) 5.0 4.7 4.3 3.5 2.4 y.7T 3.0
Mean for farmers 3. 3.2 3.3 2.1 t.7 1.3 1.3
SECOND VINLLAGE
TREATMENTS SECOND VILLAGE FARMER COOPERATORS
1 2 3 4 5, 6 Mesir
Local Malze (LMD i.8 1.1 1.6 1.0 1.6 0.6 1.3
Fevt., Local (LM-FYy 3.2 2.5 2.9 1.2 1.3 o0 & .1
OCA Maioe 2.2 0.7 0.9 0.3 1.1 IS B I
Fert., OUA (CCA-T) 2.8 2.4 2.1 1.1 o8 04 1.2
Mean for farmers: 2.5 1.7 1.9 Q0.9 1.4 0.f =

Source: Farming Systems Research Section, DAR.
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Analysis of Variance

TABLE 4.2
Results, Phalombe,

Malawi, 1981-82(al.

FIRET VILLAGE

SOURCE OF
VARTANCE

DEGREED
FRERELOM

QF MEAN

SEUARE

Farmers (8)

(M

Terbilimer
Mailoes Typas (23
Tert x Maloe

Lrror

— [y

s
[

005 non-significant

non-significant

1,053

SERCOND VILLAGE
Parmers (5] 5 2.040 IS A
Fertiliner {23 1 3,450 LG4 a7
Halze Type (2) 1 1.000 1,72 non-significant
Fert s Maice 1 0.01G nen-significant
Leror 15 g.o3
COMBINED VILLAGEZ
Jillagas (3 1 11.550 10853 e
Fevtiliser (27 1 oh 5156 e HOCN
Maioe Type (2 1 g.006 non-significant

]
o
-3

Fert on Moadloe 1 non-significant

Errot 44 1.068

at Im the analys=as for individual villages, L
Lasd  az o blocks, and  bthiere 1z oonly o

AT per i Tn the analveois of R

i v -1 11 [ERRSS
' in

LT

vl

Lt

A

hlocks, =and

Farming Systems Research Section,
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The other important results include:

a) Farmers were significantly different. Some obtained
low yields while others obtained very high yields with
the same treatments.

b} Fertilizer application was highly significant, indi-
cating that applying fertilizer to both varieties sig-
nificantly increased yields.

c) That villages were highly significant, indicating
that the treatments performed quite differently in each

village (Table 4.2).

Economic Analysis Using Benefit Cost Analysis

Due to the fact that only two fertilizer levels were
tested, simple benefit cost is the appropriate analytical
measure. The profitability of varieties and fertilizer
levels was estimated using PC-CALC (See Appendix I).
Analysis was performed for each village because the ANOVA
showed the resﬁonse was different between villages. There

was also a sensitivity analysis done.

First Village; Simple Benefit Cost Analysis

Using 1982/83 prices for maize and fertilizer, the
economic analysis results shown in Table 4.3 indicate
that applying fertilizer to both maize varieties produced

a positive rate of return. These rates of return for
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TABLE 4.3

Simple Benefit Cost Analysis of Two Levels of Fertilizer
Application on Local and Improved Maize, Phalombe, Malawi, 1981-82.

FIRST VILLAGE

PRICE OF 50 KG OF FERTILIZER

CAN 10.00

20:20:0 g8.50

S/A 8.00
FIELD PRICE OF MAIZE (MT) 110.00
ADJUSTED PRICE 99.00
LOCAL CCA

No Fertilizer Fertilizer No Fertilizer Fertilizer

Average Yield(MT/Hq£ 1.40 3.20 1.30 3.40
Adjusted Yield(Net) 1.26 2.88 1.17 3.06
Gross Benefit? 124.74 285.12 115.83 302.94
No. of bags/acreC
CAN .00 .00 .00 .00
20:20:0 .00 1.00 .00 1.00
S/A .00 2.00 .00 2.00

Variable Costs

Fertilizer cost

{K/acre) .00 24.50 .00 24.50
Fertilizer cost )

/Had .00 61.25 .00 61.25
Application .00 6.25 .00 6.25
Seed .00 .00 6.25 6.25
Total Variable Costs .00 67.50 6.25 73.75
NET BENEFIT® 124.74 217.65 109.58 229.15
Return to
K1.00 Invested N/A 1.376 negative 1.416

Source: Farming System Research Section and official prices from a parasta tgl.
a) Average yield times discount factor of 0.90.
b) Cfros? benefit = net yield times adjusted price(Field price adjusted 10 percent
own). ‘
c) 1 bag =50kg.
d) The costs per acre were converted to costs per Hectare.
e) Net Benefit = Gross Benefit - total variable cost.
Note: K1.00 is approximately $0.60 (U.S.)
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local maize and CCA, were 38 and 42 percent respectively.
For each Kwacha invested in each variety, the farmer re-
ceived K1.38 for local maize and K1.42 for CCA. Using

a 40 percent increase as the necessary rate of return,
applying fertilizer on CCA met the requirement, but
applying fertilizer to local maize gave less than a 40

percent return.

The tentative recommendation here will be to apply
fertilizer on CCA. However, further verification of
these results is needed since the analysis is only based
on one year of data. In order to identify the real eco-
nomic optimum, a multi-level fertilizer trial is needed.
Because only one level was used in this trial, it is un-
likely that the most profitable level of application of

fertilizer has been identified.

First Village: Sensitivity Analysis

In the sensitivity analysis, prices of either inputs
or output were varied. The results are shown in Tables
4.4 through 4.6. In Table 4.4, the question asked was
"What if the price of maize changed to K122.00/M.T.,
holding input prices fixed?". This was the price in

the 1983/1984 season.

The two maize varieties both give a return on
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fertilizer over 60 percent (Table 4.4). The rates of
return to investment are almost the same for both local
and the improved maize variety. Therefore, applying
fertilizer to both varieties more than meets the 40
percent requirement. On the other hand, local maize
without fertilizer out-performs CCA without fertilizer,
giving net benefits of K138.35 and K122.22, respecti-

vely.

In Table 4.5, 1983/84 fertilizer prices and the new
maize price for that year were used. The rates of return
are well below 40 percent. The return to K1.00 invested
is only K0.17 and K0.24, for local and CCA, respectively.
This indicated that it was not profitable to use ferti-
lizer on the two varieties, given new imput and output
prices. As was the case using 1982/83 prices, growing
local maize without fertilzer yielded a higher net bene-
fit than growing CCA without fertilizer (K138.35 versus

K122.22/ha).

In Table 4.6, the maize price was raised to K130.00/
M.T. The result also indicates low returns per Kwacha
invested. Returns per Kwacha invested were K0.43 and K0.53
for local maize and CCA, respectively. As previously
stated, applying fertilizer on both maize varieties does
not seem to be profitable since these are well below 40

percent,
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TABLE 4.4

Sensitivity Analysis Using 1983-84 Maize Price.

FIRST VILLAGE

PRICE OF 50 KG OF FERTILIZER

CAN 10.00
20:20:0 8.50
S/A 8.00
FIELD PRICE OF MAIZE (MT) 122.00
ADJUSTED PRICE 109.80
LOCAL CCA
No Fertilizer Fertilizer No Fertilizer PFertilizer
Average Yleld(MT/Hag 1.40 3.20 1.30 3.40
Adjusted Yield(Net) 1.26 2.88 1.17 3.06
Gross Benefltb 138.35 316.22 128.47 335.99
No. of bags/acrec
CAN .00 .00 .00 .00
20:20:0 .00 1.00 .00 1.00
S/A .00 2.00 .00 2.00
Variable Cost
Fertilizer Cost

{K/acre) .00 24.50 .00 24,50
Fertilizer Cost/

Had .00 61.25 .00 61.25
Application .00 6.25 .00 - 6.25
Seed .00 .00 6.25 6.25
Total Variable Costs .00 67.50 6.25 73.75
NET BENEFIT® 138.35 248.72 122.22 262.24
Return to
K1.00 Invested N/A . 1.635 negative 1.679

Source: Farming System Research Section and official prices from a parastatal.
a) Average yield times discount factor of 0.90.
b) Gross benefit = net yield times adjusted price (Field price adjusted 10
percent dcwn ) ., : )
c) 1 bhag =50kg.
d}) The costs per acre were converted to costs per hectare.
e} Net Benefit = Gross Benefit - total variable cost.
Note: K1.00 is approximately $0.60 (U.S.)
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TABLE 4.5

Sensitivity Analysis Using 1983-84 Maize and
Fertilizer Prices.

FIRST VILLAGE

PRICE OF 50 KG OF FERTILIZER

CAN 17.50
20:20:0 - 20.50
S/A 19.00
FIELD PRICE OF MAIZE (MT) 122.00
ADJUSTED PRICE 109.80
LOCAL CCA
No Fertilizer Fertilizer No Fertilizer Fertilizer
Average Yield a 1.40 3.20 1.30 3.40
Adjusted Yield(Net) 1.26 2.88 1.17 3.06
Gross Benefitb 138.35 316.22 128.47 335.99
No. of bags/acreC
CAN .00 .00 .00 .00
20:20:0 .Qo 1.00 .00 1.00
S/A .00 2.00 .00 2.00
Variable Cost
Fertilizer Cost

(K/acre) .00 58.50 .00 58.50
Fertilizer Cost/

Had .00 146 .25 .00 146.25
Application .00 6.25 .00 6.25
Seed .00 .00 6.25 6.25
Total Variable Costs .00 152.50 6.25 158.75
NET BENEFIT® 138.35 163.72 122,22 177.24
Return to
K1.00 Invested N/A 0.166 negative 0.245

Source: Farming System Research Section and Official Prices from a parastatal.
a) Average yield times discount factor of 0.90
b) Gross benefit = net yield times :djusted price (Field price adjusted 10
percent down ). '
c) 1 bag =50kg.
d} The costs per acre were converted to costs per Hectare.
e) Net Benefit = Gross Benefit - total variable cost.
Note: K1.00 is approximately $0.60 (U.S.)
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TABLE 4.6
Sensitivity Analysis using a Hypothetical
Maize price (K150/M.T.) and 1983-84 Fertilizer Prices

FIRST VILLAGE

PRICE OF 50 KG OF FERTILIZER

CAN 17.50
20:20:0 20.50
S/A 19.00
FIELD PRICE OF MAIZE (MT) 150.00
ADJUSTED PRICE 135.00
LOCAL CAA
No Fertilizer Fertilizer No Fertilizer Fertilizer
Average Yield a 1.40 3.20 1.30 3.40
Adjusted Yield (Net)™ 1.25 2.88 1.17 3.06
Gross Benefit? 170.10  388.80 157.95 413.10
No. of bags/acreC
CAN .00 .00 .00 .00
20:20:0 .00 1.00 .00 1.00
S/A .00 2.00 .00 2.00
Variable Cest
Fertilizer Cost
{K/acre) .00 58.50 .00 58.50
Fertilizer Cost/ :
nad 00 146.25 .00 146.25
Application .00 5.25 .00 6.25
Seed .00 .00 6.25 6.25
Total Variable Costs .00 152.50 6.25 158.75
NET BENEFIT® 170.10  236.30 151.70 254,35
Return to
K1.00 Invested N/A 0.43 negative 0.53

Source: Farming System Research Section and Official Prices from a parastatal.
a) Average yield times discount factor of 0.90
b) Gross benefit = net yield times adjusted price (Field price adjusted 10
percent down ) .
c) 1 bag = 50kg.
d) The costs per acre were converted to costs per Hectare.

e) Net Benefit = Gross benefit - total variable cest.
Note: K1.00 is approximately $0.60 (U.S.}
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Second Village: Results

The second village had lower average yields than
the first (Table 4.1}. Economic analysis results are
shown in Tables 4.7 through 4.10, For 1982-83 prices
only local maize yielded a positive return per Kwacha
invested in fertilizer (Table 4.7), but the return was
only K0.06 per K1.00 invested. _When the price of maize
was increased to K122.00 (Table 4.8), the return to
fertilizer increased to a low of K0.17 for local maize
and remained negative for CCA. Increasing the price of
fertilizer and the maize price to the 1983-84 levels
(Table 4.9) and increasing the maize price to K150 but
using the 1983-84 fertilizer prices {(Table 4.10) gave

negative returns in both cases.

With these yields and the prices used, it is not
advisable to use any fertilizer in the second village

on the two maize varieties tested.
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TABLE 4.7

Simple Benefit Cost Analysis of Two Levels of Fertilizer

Application on Local and Improved Maize, Phalombe, Malawi, 1981-82.

SECOND VILLAGE

PRICE QOF 50 KG OF FERTILIZER

CAN
20:20:0
S/A

10.00
8.50
8.00

FIELD PRICE OF MAIZE (MT)

ADJUSTED PRICE

110.00

LOCAL
No Fertilizer Fertilizer No Fertilizer Fertilizer

Average Yield a 1.30 2.10 .90 1.60
Adjusted Yield (Net}  1.17 1.89 .81 1.44
Gross Benefit’ 115.83  187.11 80.19 142.56
No. of bags/acrec

CAN .00 .00 .00 .00

20:20:0 .00 1.00 .00 1.00

S/a .00 2.00 .00 2.00
Variable Cost
Fertilizer Cost

(K/acre) .00 24.50 .00 24.50
Fertilizer Cost/

Ha® .00 61.25 .00 61.25
Application .00 6.25 .00 6.25
Seed .00 .00 6.25 6.25
Total Variable Costs .00 67.50 6.25 73.75
NET BENEFITe 115.83 1719.61 73.94 68.81
Return to
K1.00 Invested N/A 0.06 negative negative

Source: Farming System Research Section and Official Prices from a parastatal.
a) Average yield times discount factor of 0.90.
b) Gross benefit = net yield tites adjusted price (Field price adjusted 10

percent down ) .
c) 1 bag = 50kg.

d) The costs per acre were converted to costs per Hectare.
e) Net Benefit = Gross Benefit - total variable cost.
Note: K1.00 is approximately -

$0.60 {(U.S.)
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TABLE 4.8

Sensitivity Analysis Using 1983-84 Maize Price.

SECOND VILLAGE

PRICE OF 50 KG OF FERTILIZER

CAN 10.00
20:20:0 8.00
S/A g8.00
FIELD PRICE OF MAIZE {(MT) 122.00
ADJUSTED PRICE 109,80
LOCAL . CAA
No Fertilizer Fertilizer No Fertilizer Fertilizer
Average Yield a 1.30 2.10 .90 1.60
Adjusted Yield(Net) 1.17 1.89 .81 1.44
Gross Benefit? 128.47  207.52 88.94 158.11
No. of bag/acrec
CAN .00 .00 .00 .00
20:20:0 .00 1.00 .00 1.00
5/a .00 2.00 .00 2.00
Variable Cost
Fertilizer Cost

{K/acre) .00 24.50 .00 24.50
Fertilizer Cost/

Had .00 61.25 .00 61.25
Application .00 6.25 .00 6.25
Seed .00 .00 6.25 6.25
Total Variable Cost .00 57.50 6.25 73.75
NET BENEFIT® 128.47  140.02 82.69 84.36
Return to
K1.00 Invested N/A 0.17 negative negative

Source: Farming System Research Section and official prices from a parastatal.
a) Average yield times discount factor of 0.90.
b) Gross benefit = net yield times and adjusted price (Field price adjusted 10
percent down), ’
c) 1 bag =50kg.
d) The costs per acre were converted to costs per Hectare.
e} Net Benefit = Gross Benefit - total variable cost.
Note: K1.00 is approximately $0.60 (U.S.).
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TABLE 4.9

Sensitivity Analysis Using 1983 -84 Maize and
Fertilizer Prices,

SECOND VILLAGE

PRICE OF 50 KG OF FERTILIZER

CAN 17.50
20:20:0 20.50
S/A 19.00
FIELD PRICE OF MAIZE (MT) 122.00
ADJUSTED PRICE 109.80
LOCAL CCA
No Fertilizer Fertilizer No Fertilizer Fertilizer
Average Yield L 1.30 2.10 .90 1.60
Adjusted Yield(Net) 1.17 1.89 .81 1.44
Gross BenefitP 128.47  207.52 88.94 158,11
No. of bags/acrec
CAN .00 .00 .00 .00
20:20:0 .00 1.00 .00 1.00
S/A .00 2.00 .00 2.00
Variable Cost
Fertilizer Cost

{K/acre) .00 58.50 .00 58.50
Fertilizer Cost/ '

Ha? .00 146.25 .00 146.25
Application .00 6.25 .00 6.25
Seed .00 .00 6.25 6.25
Total Variable Costs .00 152.50 6.25 158.75
NET BENEFIT® 128.47 55.02 82.69 -.64
Return to
K1.00 Invested N/a negative negative negative

Source: Farming System Research Section and Official Prices from a parastatal.
a) Average yield times discount factor of 0.90.
b) Gross benefit = net yield ties adjusted price (Field price adjusted 10
percent down ). _
c) 1 bag =50kg.
d) The cecsts per acre were converted to costs per Hectare.
e) Net Benefit = Gross Benefit - total variable ccst.
Note: K1.00 is approximately $0.60 (U.S.}
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TABLE 4.10
Sensitivity Analysis using a Hypothetical
Maize price (K150/M.T.) and 1983-84 Fertilizer Prices

SECOND VILLAGE

PRICE QF 50 KG OF FERTILIZER

CAN 17.50
20:20:0 20.50
S5/A 19.00
FIELD PRICE OF MAIZE (MT) 150.00
ADJUSTED PRICE 135.00
LOCAL CAA
No Fertilizer Fertilizer No Fertilizer Fertilizer
Average Yield a 1.30 2.10 .90 1.60
Adjusted Yield(Net)  1.17 1.89 .81 1.44
Gross Benefitb 157.95 255.15 109.35 194.40
No. of bags/acrec
CAN .00 .00 .00 .00
20:20:0 .00 1.00 .00 1.00
s/A .00 2.00 .00 2.00
Variable Cost
Fertilizer Cost

(K/acre) .00 58.50 .00 58.50
Fertilizer Cost/

Ha® .00 146.25 .00 146.25
Application .00 6.25 .00 6.25
Seed .00 .00 6.25 6.25
Total Variable Costs .00 152.50 6.25 158.75
NET BENEFIT® 157.95 102.65 103.10 35.65
Return to
K1.00 Invested N/A negative negative negative

Source: Farming System Research Section and Official Prices from a parastatal.
a) Average Yield times discount factor of 0.90.
b) Gross benefit = net yield times adjusted price (Field price adjusted 10
percent down ).
¢) 1 bag = 50kg.
d} The costs per acre were converted to costs per Hectare.
e} Net Benefit = Gross benefit - total variable cost.
Note: K1.00 is approximately $0.60 (U.S.)
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Fertilizer Trial

The trial was designed to determine the response
of nitrogen fertilizer application. 1In this experiment,
four farmers participated, with three replications on
each farm. Five levels of nitrogen were applied: 0 N;
40 N (split); 40 N all basal; 80 N (split; and 80 N
(40 N + 40 N P205 basal and 40 N top dressing). The num-

bers are in kilograms per hectare and the source for ni-

trogen was Calcium Ammonium Nitrate (CAN).
The data used in the analysis are in Table 4.11a.

Statistical Analysis

Using MSTAT, the analysis of variance revealed the
following results. Locations were found to be signifi-
cant at the 0.001 level, indicating the locations were
quite different. ©Nitrogen significantly affected yield
at less than the 0.001 level. This means that local
maize responded to added levels of nitrogen. The inter-
.action between location and fertilizer levels was not
significant at the 0.05 level. This implies there was a

general response across sites. (Table 4.11b)

The significant difference due to locations called
for refinement of the recommendation domain-the group
of farms or farmers with similar characteristics for whom
the trials were designed. This analysis suggests that a
single recommendation will not be appropriate for all the

farmers (locations).
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TABLE 4.11a

LOCAL MAIZE FERTILIZER TRIAL, Dowa-West, Malawi
1983-84

Yield Figures In Kileograms/ Ha

TREATMENT
1 2 3 4 5
LOCATION
1) 1693 1712 2654 1259 3779
2034 3009 1184 1912 2423
2795 2591 2324 3909 3327
2) 590 1250 829 3460 2508
1238 2441 1816 3664 3701
2247 1601 3917 4326 4131
3) 934 1753 934 1455 1897
934 1329 986 1019 3010
264 1541 1029 1915 1373
4) 191 540 29 1457 767
37 207 299 1093 1003
177 383 410 1085 1273
NOTE: There are three replications on each location
Treatment 1)} = zero nitrogen
Treatment 2} = 40 nitrogen split
Treatment 3} = 40 nitrogen all basal
Treatment 4) = B0 nitrogen split
Treatment 5) = 80 nitrogen 40 phosphorus
Source: Adaptive Research Section, DAR (Malawi)
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TABLE 4.11b

ANALYSIS OF VARIANCE TABLE,
Local Maize Fertilizer Trial.
Dowa-West, Malawi, 1983-84

Degrees of Sum of F
Code Source Freedom Squares Mean Square Value Prob.
1 Location 3 36430399.46 12143466.486 13.08 .0M
-3 R(L) 8 7427112.,38 928389.048
A 4 15407907.64 3051976.909 12.13 .000
5 LA 12 7361539.36 613461.614 1.93 .067
-7 Error 32 10158770.93 317461.591
Coefficient of Variations = 32.99%

Source: Adaptive Research Section, DAR (Malawi)

R{L) refersto error from the locations.
A refers to treatments
LA refers to the interaction between location and treatment.
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Economic Analysis

An attempt was made to estimate a fertilizer res-
ponse {(production function) for each location, because
of significant Tlocations effects, using MSTAT, but no
meaningful results were obtained. Regression results
were not meaningful because there was no significant
relationship between nitrogen level and yield for all
locations. Part of the problem was that there were only
three levels of nitrogen included in the trial - after
excluding the 40 N (all basal) and the one treatment that
had phosphorusincluded. Also, factors interacting with
the treatments were not known. Due to these reasons and
because of inconsistent relationships, the analysis was
removed entirely and only marginal analysis was done cn

this data.

However, the method for estimating parameters using
multiple regression from MSTAT was mastered so that this
was only a problem of data. This result demonstrated
that if response functions are to be estimated, the
trials must be planned to include several input levels

that are comparable.

Marginal Benefit Cost Analysis

For purposes of this exercise, the location effect
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was assumed away (that need not be the case), The analy-
sis was performed with Supercalc, a spreadsheet template
developed by Dr. Richard Bernsten (for a description of
the program see appendix II). The final calculations
were done by hand. The program helped to compute all
the necessary information to complete a marginal bene-

fit cost analysis.

The initial run cf the program used prices in ef-
fect during the 1983-84 season. Data used were mean
yields of each of five treatments (see average yield in
Table 4.12), The price of maize used was K0.122 per kilo-
gram, although the program only prints KO0.12, because of
rounding off. The price of a 50 kilogram bag of 20:20:0
and CAN were K20.50 and K17.50, respectively. These bags
contained 20 and 17 percent nitrogen, respectively.
Fertilizer credit and transport cost were set at zero
because they were not known. With all prices and para-
meters specified, the program calculated all information
needed to estimate the marginal benefit cost ratios.
Table 4.12 should be used for marginal benefit cost an-

alysis.

All analyses had the same format. Net benefits<from
each treatment show that no level of fertilizer applica-

tion was better than the zero level. The net benefit
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from zero level was the highest. At these prices and
parameter levels, the recommendation was to use no fer-

tilizer at all.

Sensitivity Analysis

This analysis involved changing input prices and/or
the price of maize, in order to see how the marginal re-

turn to fertilizer changes.

Suppose the price of maize was increased to K0.,15
per kilogram {hypothetical) while the prices of ferti-
lizer remained at K20.50/50 kg bag for 20:20:0 and K17
50/50 kg bag for CAN. This was accomplished by changing
the farm gate price from K0.122 to K0.15 in the program,
With this completed the program computed all needed
values for the analysis. From Table 4.13, the net bene-
" fits and total variable costs were extracted for analy-
sis. The two dominant treatments were the zero level;
and 80 kilogram of ﬁ and 40 Kilograms of P. From this,
the marginal rate of return (MRR) was computed, as shown
below:
where:
Net benefits for 80kg/ha of N and 40kg/ha P is 186.96,
Net Benefit for zero N is 161.44
Total variable costs for 80kg/ha N and 40kg/ha P is 171

Total variable cost for zero N is 0.

171.86 - 0
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This gave a return of approximately 15 percent. Taking
40 percent as a deciding point, this return was well be-
low the acceptance level. Therefore, the zero level was

still accepted as a tentative recommendation.

The old prices (1982-83) of maize and fertilizer
were then used, prices that were in effect a year before
these trials were conducted. Then the farm gate price
was K0.11 per kilogram and 20:20:0 was K8.50 while CAN

was K7.50 per 50 kilograms. (Table 4.14).

Table 4.14 shows that the three dominant treat-
ments were zero nitrogen, 40 kilogram of nitrogen (split},
and 80 kilogram of nitrogen plus 40 kilogram phosphorus
per hectare. Arranging these dominant treatments in des-
cending order the marginal rate of return (MRR) is calcu-
lated as shown below:

The MRR from zero nitrogen to 40 kilogram nitrogen
per hectare 1is:

127.51 - 117.66

Il
o
0
Ut

so that MRR = 25 percent.

The MRR from 40 kilograms of nitrogen to 80 kilogram
nitrogen and 40 kilogram phosphorus is:

184,71 - 127.51 = 54.20

76.80 - 39.35 37.45

so that MRR = 153 percent.
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Given these results and the 40 percent cut-off point, the
tentative recommendation per hectare would be 80 kilo-

grams of nitrogen and 40 kilograms of phosphorus.

Now, we want to consider the case where the price
of fertilizer is unchanged (1982-83 level) while the
maize price is increased from KO0.11 to KO0.122 per kilo-
gram, Results for this consideration are found in Table
4.15. Table 4.15 shows the dominant treatments as 0, 40,
and 80 nitrogen and 40 kilogram of phosphorus per hectare.
Arranging these in descending order and calculating the
MRR, we have:

The MRR from zerc to 40 kilogram of nitrogen per

hectare is:

146.14 - 130.79 = 15.35

This is almost 40 percent.

The MRR from 40 to 80 kilograms of nitrogen and 40

-

kilograms of phosphorus per hectare is:

MRR =  =w——m——m——— e B =1.809 = 1.81
76.80 - 39.35 37.45

or a value of 181 percent.

These results indicate both the 40 kilograms ni-
trogen and 80 kilograms nitrogen plus 40 kilograms phos-
phorus per hectare treatments vielded at least a 40 per-

cent marginal rate of return to additional investment,
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However, the marginal rate of return for the 80 kilo-
gram of nitrogen and 40 kilogram of phosphorus was far
higher than the cutoff mark of 40 percent. Consequently
this treatment would be recommended at these prices of

inputs and output.

Finally, the old prices (1982-83 level) of ferti-
lizer and the hypothetical K0.15 per kilogram maize price
weré considered (Table 4.16). From Table 4.16, the dom-
inant treatments were identified. The dominant treat-

ments were the same as in the case above.

The MRR from zero nitrogen to 40 kilograms of
nitrogen per hectare is:

189.60 - 161.44 = 28.16

or a value of 72 percent.

The MRR from 40 kilograms to 80 kilograms of intro-
gen and 40 kilograms of phosphorus per hectare is:

282.02 - 289.60 = 92.42

or a value of 247 percent.

From these results, the recommendation would be 80
kilograms of nitrogen and 40 kilogram of phosphorus. Al-
though 40 kilogram of nitrogen yielded a rate of return
higher than 40 percent, it was inferior to the other do-

minant treatment.
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In general, the results were sensitive to the lev-
els of prices used. The increase in input prices from
the 1982-83 levels to the 1983-84 levels seems to be in
excess of the increase in the maize price. The sensi-
tivity analysis, on the whole, showed that the recom-
mended treatment did not change, regardless of the prices

used if we consider the zero level as a recommendation.
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CHAPTER V

Summary and Conclusions

Agricultural research in Malawi, until the recent
reorganization, did not take into account non-biological
factors when developing recommendations for majority
smallholder communities. In part, this was due to the
unavailability of non-bioclogical scientists in the De-
partment of Agricultural Research. As a result, statis-
tical analysis using analysis of variance was the only
tool for evaluating proposed innovations. While analysis
of variance evaluates the significance of biologicail
treatment effects, statistical analysis alone is insuf-
ficient for making recommendations to farmers., Statis-

tical analysis need complementary . economic analysis.

Due to external recognition, in particular from the
United States Agency for International Development,
farming systems research was introduced in Malawi, bring-
ing social scientists into the Department. Following a
major reorganization of the Department, the FSR Section

was reorganized into adaptive research teams.

The ARTs have the mandate to diagnose farmers' pre-
sent circumstances and propose changes to improve the

farmers' wellbeing. The proposed innovations are tested

94




on farms and results evaluated. Problems not solved
by the ARTs are relegated to station-based biological
scientists performing applied research. The ARTs also

provide an important link with the Extension Department.

The major problem with the ARTs is that socioeco-
nomists who are to provide sociceccncmic input have
basically the same training as the agronomists. This
combination would likely result in inadequate diagnosis
of farmers problems. Economic analysis, in particular,
is weak thereby reducing the potential impact of the pro-

gram..

Economic models considered for evaluation of farm
data include simple benefit cost analyssis, marginal be-
nefit cost analysis and production function analysis.
These models serve as tools to evaluate the profitability
of alternatives tested on farms. Other economic models,
like simplified programming and linear programming, eval-
uate the feasibility df individually derived recommenda-
tions. In this paper simple cost benefit and marginal
cost benefit analysis was used to evaluate agronomic

trial results.

Statistical analyses showed treatments were highly
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significant for variety and fertilizer trials that were
evaluated. Using input and output price existing at the
time the trials were conducted (1982-83), fertilizer
application in the variety trial was profitable. How-
ever, at prices existing one year later, it was no longer
profitable to use fertilizer on either the local or im-
proved variety, despite the fact that the statistical
analysis depicted highly significant effects. The above
results were for one village. 1In the other village, how-
ever, it was not profitable to use fertilizer on either
maize variety at the various prices of inputs and outputs

considered.

Using marginal benefit cost analysis to evaluate the
fertilizer trial demonstrated positive and acceptable
returns in some cases, but not all, depending on prices

chosen.

Economic analysis showed that statistical analysis
alone can not be used to make extension recommendations.
The alternatives may be statistically significant, but
prices and other sociceconomic parameters must be con-

sidered to show how profitable the alternatives are.
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APPENDIX I:The PC-CALC Spreadsheet

A spreadsheet was developed with a menu portion
where all parameters in a simple benefit cost model
could be changed. The yield discount factor was set
at 0.9, to take into account the difference in yield
obtained when the researchers perform the trials as
opposed to when farmers grow the crop. Other paraheters
used were fertilizer prices for a 50 kilogram bag. The
field price was the one at which the maize was sold lo-
cally. It was reduced by ten percent to take intp ac-

count harvest costs, losses, shrinkage, etc.

The spreadsheet had a portion where average yields

- were entered for each treatment and village , Yields were
reduced by 10 percent using the discount factor. The
gross benefit was found by multiplying the adjusted yield
by the adjusted price. The fertilizer cost was calcu-
lated by multiplying the number of bags per acre with the
unit price. These figures were first calculated on a per
acre basis. To convert the figures to per hectares, the
figures were divided by 0.4. The cost of applying fer-
tilizer was set at K6.25 per hectare. All costs were then

added up to get the total variable cost,
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The net benefits were calculated by subtracting the

total variable costs from the gross benefit,

The rate of return per Kwacha invested was calcu-
lated bf subtracting the net benefit of ﬁhe zero treat-
ment level for local maize from the net benefit of each
treatment value greater than the zero treatment level;
and dividing the results by the change in total variable

cost.

In sensitivity analyses, prices were changed and

the calculations were performed quickly.
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APPENDIX II: The SUPERCALC Spreadsheet

Developed by Dr. Richard Bernsten

The spreadsheet was designad to analyze fertilizer

experiments with multiple treatments.

The first part of the spreadsheet allows the user
to enter levels of fertilizer and average yield from
each treatment. Then the spreadsheet automatically cal-
ulates gross benefits and total variable costs for each
treatment. Next to the first part is the parameter
menu where all the parameters are entered. Here, changes
may be made for sensitivity analysis or for changes in
assumptions regarding the model. For example, one part
contains information on the percent of fertilizer ele-
ments in sources used, and price per unit of the ele-
ments for the calculation of the total fertilizer cost.
There is also a discount factor which takes into account
differences in yield between experiments done by research-
ers and what farmers are expected to obtain when they adopt
innovations. In the analysis presented in this paper,
this option was not used because very little information
was available about the experiments. Other parameters
include labor, credit, transport costs, and share crop-

ping proportions according to tenure arrangements. Only
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labor cost were included in this analysis.

To select dominant treatments for marginal rate
of return calculations, visual inspection of net bene-
fits and total variable costs on a graph is normally
done. Hdwever, dominant treatments were selected with-
out a graph, with calculations completed by hand.
Otherwise, the spreadsheet then selects the treatments
from*the first part. Using the data management command,
the dominant treatments are arranged in descending order
according to net benefits. These dominant treatments
are then extracted into another table where calculations

for the marginal rate of return are performed.
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