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Preface

When world food production is viewed as a system, loss and deterioration
is seen as a major food-limiting factor. Postharvest loss reduction would
benefit from reliable loss estimates and cost/benefit comparisons;
improvements also must be acceptable and feasible to introduce.

I. Introduction. K. L. Harris and C. J. Lindblad
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Determination of postharvest grain losses requires a blending of, and
concepts from, several sciences.

IT. Terms of Reference. K. L. Harris and C. J. Lindblad

A. Definitions

Postharvest, losses, food, insects, microbiological defined.

B. Planning: An Overview for Project Administrators. K. L. Harris 15
Project planning involves many disciplines and concepts, from national
priorities to logistics and local cultural values.

C. An Overview of the Postharvest System: The Food Grain Supply
Pipeline. K. L. Harris, W. J. Hoover, C. J. Lindblad, and H. Pfost 19
Determination of losses should proceed stepwise from understanding

the overall grain-food pipeline to location of leaks and sites where
losses are relatively important, can be assessed, and are amenable to
loss-reducing interventions.

D. Preliminary Examination of Specific Problem Points and Making On-Site
Rapid Appraisals. G. G. Corbett, K. L. Harris, H. Kaufmann,

and C. J. Lindblad

Rapid on-site appraisals (30-60 days) are both workable and useful to
determine feasibility for further investigations and for some inputs,
and to delineate specific problem points.

ITI. Social and Cultural Guidelines

A. The Fact-Gathering Milieu. Allan L. Griff

B. Anthropologic Signposts. C. C. Reining

Grain loss does not exist independent of human and social influence.
Loss assessment and reduction programs need to be seen from within
the local setting. Cross-cultural sensitivity and understanding are
essential in planning and executing such efforts. Reminders are given
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on who, what, and how to obtain reliable, useful information on and
within the social and domestic organizations and in relation to
individuals. Special attention is given to the role of women.

IV. Representative Sampling, Interpretation of Results, Accuracy, and
Reliability. B. A. Drew, with T A. Granovsky and C. J. Lindblad

Basic statistical requirements for surveys, sampling, probabilities, and other
concepts required in the assessment of losses are presented.

Introduction

Probability Samples

Detailed Instructions

Loss Measurements as Related to Situations Where They Occur
Background Information. D. A. V. Dendy, with K. L. Harris
Losses are discussed as they occur during threshing, cleaning and
winnowing, drying, parboiling, hulling and polishing, and grinding.
B. Guidelines for Performing Studies of Farm Storage Losses. J. M.
Adams and G. W. Harman

Evaluation of maize losses in small farms is used to explain loss
methods development.

C. Procedures for Measuring Losses Occurring During or Caused by
Processing including Threshing, Drying, and Milling of Most Grains,
but not Maize or Pulses/Groundnuts. D. A. V. Dendy, with K. L.
Harris

Guidelines for studying:

* Farm-storage losses

* Total system losses

* Operator-induced losses

* Threshing loss with the straw

pPSowmy
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* Threshing loss, grain damage

Maize shelling loss on the cob

Maize shelling loss, grain damage
Dryer-induced loss, laboratory method
Dryer-induced loss, method for use in mill
Batch dryer testing

Continuous dryer testing

Grinding loss as bran

Comparison of milling yields by variety
Comparison of operators

Comparison of mills

Due to insect damage

* Rice milling losses

Batch process

One-stage continuous process

Two-stage continuous process

* Rice hulling losses

* Rice polishing losses

* % ok ok * % o*

VI. Standard Measurement Techniques

A. Preamble to the Methodology. K. L. Harris and C. J. Lindblad
General background of previous work, previously used estimating
procedures and techniques, standardization of results.

B. Losses Caused by Insects, Mites, and Microorganisms. J. M. Adams
and G. G. M. Schulten

An explanation of several techniques based either on the weight of a
measured volume of grain compared with a pre-loss standardized weight
or on the separation of damaged kernels and the comparative weights
of damaged to undamaged calculated to the whole sample. Also a
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conversion factor/percent damage method. Weight/unit volume,

counts and weights of damaged and undamaged kernels, percent of

damage and weight loss, and conversion factor/percent damaged

methods are presented.

* Standard volume/weight method for damage by insects and
microorganisms

* Modified standard volume/weight method when a baseline

cannot be determined

* Count and weigh method

* Converted percentage damage method

C. Losses in Grain Due to Respiration of Grain and Molds and Other
Microorganisms. R. A. Saul, with K. L. Harris

Weight loss due to grain respiration is unimportant until the moisture is
so high that serious microbial deterioration occurs and rejection for
food use becomes the dominant factor. Tables are given for calculating
losses based on time, temperature, moisture, and physical damage. A
formula is given for calculating losses based on weight of damaged and
undamaged kernels. Rationale and techniques are presented for basing
losses on locally applied rejects.

D. Rodents

1. General Considerations, Direct Measurement Techniques, and
Biological Aspects of Survey Procedures. W. R Jackson and M.

Temme

Each rodent ecosystem has features that tend to make it unique.

Loss evaluations require preliminary investigation to establish an
environmental and loss perspective as to what features require

and are amenable to assessment.

2. Loss Determinations by Population Assessment and Estimation
Procedures. J. H. Greaves
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When they can be undertaken, census and food-intake

procedures will give useful results. Three techniques are

described:

* Survey for infestation

* Census trapping and food intake calculation

* Lincoln-Peterson method for population estimation

E. Measurement of Losses Caused by Birds

By brief summary only.

F. Moisture Measurement, T. A. Granovsky, G. Martin, and J. L. Multon
The measurement of grain moisture is critical for proper assessment of
weight changes during storage. (See Appendix C for methods. A
nomograph is given for calculating weight changes resulting from
moisture content changes.

VII. Operations Standardization and Control

From field observations and sampling through analysis and reporting results.
the operation requires standardized procedures and written operations
directions and reporting forms. Supervision and built-in controls are
required.

A. Handling of Samples in the Laboratory. T A. Granovsky

B. Operations Manuals and Laboratory Records. T. A. Granovsky, and K.

L. Harris

VIII. Application and interpretation of Results

In assessing losses, it is important to plan and follow a system that will
produce the information required, be it related to traditional patterns,
proposed interventions, biological parameters, or loss/benefit values.

A. The Chronologic Approach: Losses as Reflected by Use Patterns. J. M.
Adams
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There is a need to assess losses in grain as they are related to the use
pattern so as not to base total loss figures on the final condition of
residual grain.

B. Losses and the Economist. M. Greeley and G. W. Harman

To the economist, "losses" refer to changes in value, and the magnitude
of the effort to reduce losses is often dependent on the magnitude of the
monetary losses. Loss surveys are viewed from this perspective.

C. Conversion Into Monetary Values. E. Reusse

After physical and quantitative assessment, food losses need to be
expressed in monetary terms. This is necessary to establish a common
denominator for cost/benefit analysis in which cost (investments in
potential improvement measures) and benefits (expected reduction of

food losses) can be weighed against one another.

Appendixes

A. Sampling Grain

1. Comments on Probing Techniques and Probes

2. Techniques for Sampling Bagged Produce. P. Golob

Examining every grain in a lot is not physically possible. Thus,

the quality of the whole has to be judged on the basis of a sample.
The sample must be representative of the individual bag, stack, or
lot from which it is drawn. Various techniques to obtain
representative samples from bagged commodities are described

and discussed. Emphasis is given to problems of probing for

samples.

B. Tables of Random Numbers and Their Use. B. Drew and T.

Granovsky

Sample selection by means of randomization is not an unorganized hit
or miss process to assure that an intentional or unintentional bias will
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not be introduced during sample selection and sampling. Procedures
for meeting these requirements are discussed and described. A table of
random numbers is given.

C. Moisture Meters

A review to help the prospective buyer find which of the many meters
best meets the work requirements. Data sheets are given.

1. Guidance in the Selection of Moisture Meters for Durable
Agricultural Produce. T. N. Okwelogu

List of meters and characteristics.

2. Table of U.S. Department of Agriculture, Federal Grain

Inspection Service List of Meters Used in the United States and
Their Manufacturers, April 1978

3. French Table of More Recent Moisture Meters with Acceptable
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}
APPENDIX C
Part 3
French Table of More Recent Moisture Meters with Acceptable Accuracy”
/
Price Calibration by
US. ) . Manofacturer Manufacturer Sample  Power Source
. March  Automatic Digital Only orUser ~ Mass  Maing Batteries Weight
Brand® Model Address 198 Weighing Display Printont  (Card) (Keyboard) () Supply (kp)
Automatic High Performance Apparatus Approved in France by the *‘Service des Instruments de Mesure”
Cedem HD 2000 33, rue 1250 Yes Yes Yes Yes No 0 Yes No 4
Charcot 92400
Courbevoie
(France)
Tripette Multigrain 39, rue Jean]. 3800  Yes Yes Yo No Yes W00- Y No 15
and  grain Rousseau 250
Renaud TR-Dj 75038 Paris
Dickey- Cedex 01
john {France) )
Fosss MKl 69, Slangerup- 3300  Yes Yes  Yes Yes No 1M Ys  No 15 f
Electric gade DK 3400  approx, approx, i
Hillergd '
(Denmark) ;
{
Chopin  ERAG-Il  See above 1,470 No No No No No 0 Yes  No 13 :
Tripette
and .
Renaud :
{continued on next page)
Accuracy
D. Assessment of Profitability of Alternative Farm-Level Storages. M.
Greeley
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An approach is given to evaluating three methods of storage
improvement for Andhra Pradesh, India. In each case, a cost/benefit
ratio is determined and compared.

Selected References
Index
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be overemphasized.

The 1977 meeting was a technical workshop devoted to defining and clarifying
general goals and specific subjects and writing them down. It functioned both as
a

group effort and as a vehicle for individual contributions.
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POSTHARVEST GRAIN LOSS
ASSESSMENT METHODS

PREFACE

When world food is viewed in terms of a system of production, distribution,
and utilization, it becomes obvious that in our attempts to improve the system
we have allocated most of our resources to the production component.
Distribution

and utilization have been comparatively neglected. But hunger and
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malnutrition can exist in spite of adequate food production. They can be the
result of unequal distribution of food among nations, within nations, within
communities, and even within families. Loss and deterioration of available
food resources further adds to the problem. Hence, maximum utilization of
available food is absolutely essential.

Of the agricultural commodities consumed as food, grains (cereals, legumes,
oilseeds) contribute the bulk of the world's calories and protein. The food
grains system is depicted in Fig. 1, which shows the many points at which

pgllx2.gif (600x600)
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Fig. 1. Losses in the food grains system (farm level only). Box indicates focus of this
manual.

losses of food occur. The reduction of postharvest grain losses, especially

those caused by insects, microorganisms, rodents, and birds, can increase
available food supplies, particularly in less developed countries where the
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losses may be largest and the need is greatest.

In September 1975, the growing international awareness of the need for

reducing postharvest food losses culminated in a resolution of the Seventh
Special Session of the United Nations General Assembly stating that "the
further reduction of post-harvest food losses in developing countries should be
undertaken as a matter of priority with a view to reaching at least 50%
reduction

by 1985." Yet, following the Seventh Special Session, an Interdepartmental
Subcommittee reviewed past and current activity and concluded: "There is

no agreed methodology of post-harvest loss assessment. Moreover, loss data

are generally unrelated to the cost of loss reduction. "

In its interpretation of available information on losses, the Subcommittee
concluded that "there can be no agreed single figure for the percentage of
post-harvest losses on a global scale or even on a national basis. There is
clearly a need for more accurate assessment of these losses, to establish firm
justification for the development and introduction of measures designed to
reduce them where the cost/benefit ratios of corrective measures are favorable."
The goal of this volume is to provide postharvest grain loss assessment

methods yielding standardized and reproducible results so that effective grain
loss reduction efforts can be undertaken in developing countries. The assessment
information from such a manual may provide essential justification and
motivation for introducing measures designed to reduce grain losses.

This volume is prepared in large part for use by policymakers who need loss
information both in determining national priorities and requirements and in
bringing their efforts to bear on the small farmer and other small-volume grain
handlers. It is also directed to the individual investigator who seeks a basic
guide in his specific investigations. The manual is aimed primarily at loss
assessment in developing countries.

Although a methodology for assessing postharvest grain losses will not in
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and of itself reduce those losses, the methodology is essential to postharvest
operational programs so that priorities for loss reduction can be determined.

In addition to serving as a much-needed assessment tool, the methodology and
other activities proposed can serve as a means to persuade all concerned that
change is necessary and that effective techniques for reducing losses are
available.

Even financial constraints can disappear when priorities are reordered.

As detailed later in this Preface and in Chapter II, the enormous variability
of local postharvest situations dictates that no complete or definitive loss
assessment methodology for all situations is now possible. Thus, this edition is
not proposed as a final and absolute piece of work. For example, there exists
very little experience which can be drawn from in loss assessment of cereal
grains such as sorghum, millet, teff, and major oilseeds. Judgment will be
required to adapt known assessment methods to those grains and to other loss
situations not dealt with in sufficient depth here. Further, the editors realize
that expansion and refinement of the loss assessment techniques presented in
this manual are desirable and necessary as a continuing process.

Increasing food production by increasing acreage or yield per acre has been

a readily applied concept while reducing losses to increase food supplies was a
less obvious strategy. This occurred in spite of the availability of a
considerable

body of information on postharvest grain losses, and in spite of several

decades of research and development on losses and their control.

Progress in reducing postharvest food losses requires the identification and
elimination of the constraints to the application of existing technology. The
major constraint may be a lack of finances, but it is equally possible that lack
of knowledge and of trained personnel, as well as political and cultural
constraints,

exists. In 1975 an FAO Subcommittee position paper identified four
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constraints to the effective use of available technology for reducing on-farm
losses: 1) lack of arrangements for producing the necessary inputs, 2)
inadequate

distribution channels for the necessary inputs, 3) lack of purchasing

power or credit arrangements for the farmer to buy the inputs, and 4) inadequate
information to the farmer on how to use the inputs.

While calling for integrated country programs to address these constraints,

the Subcommittee stressed the need for creating "an awareness throughout
national extension services that on-farm losses are serious and can be
significantly

reduced." Postharvest loss reduction intervention must be made, however,

with specific techniques applied to reduce specific losses. While there

may be broad sweeping national needs, not only are the techniques specific,

but they must be applied at specific intervention points. Until data are
available

to show the potential gain from the elimination of losses amenable to
reduction, motivation to reduce those losses will not be strong. But aggregate
data reflecting losses on a global or even on a national basis are not really
useful even if it were possible to obtain them. They are singularly unpersuasive
to a farmer, trader, or warehouseman who must lay out his money and time.
Losses vary by crop, variety, year, pest and pest combination, length of
storage, methods of threshing, drying, handling, storage, processing,
transportation

and distribution, rate of consumption, and according to both the

climate and the culture in which the food is produced and consumed. Given

such enormous variability, it is not surprising that reliable statistics
regarding

the type, location, causes, and magnitude of postharvest grain losses are not
available. Yet reliable and objective methods for generating them are needed if
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priorities are to be given to the reduction of losses. This is needed in
regional

and national planning and in motivating those organizations which may fund
loss-reduction programs, and on down to the local level.

Meanwhile, it is prohibitively expensive and unjustifiable to mount countrywide
assessment studies of losses in the whole postharvest system. As detailed

in Chapter II, an expert judgment is needed to identify the most serious grain
loss points in a country's postharvest food supply system in order to mount
in-depth assessment efforts at those high loss points.

Stated another way, changes will not be widely accepted until and unless

they are practical for and clearly benefit the individual who is to make the
change. Although losses and savings are far from the only elements which

must be considered in loss reduction efforts, reliable figures can go a long way
in convincing those dealing with grain, and certainly for motivating those
organizations which may fund the loss reduction programs.

Extent of loss is important, but not all-important. Other factors should be
considered in deciding on the nature of interventions, or whether to intervene
at all: The value of the grain in economic lines; the fact that there will be
social

change effected by intervention programs; competition or conflict, or both,
with other national priorities; effect on price stability and similar economic
considerations; the relationship and possible conflict of economic factors that
affect the consumer, grain grower, grain trader, and national balance of
payments

mean that interventions need to be subjected to an integrated, multidisciplinary
evaluation and actually field tested within the social and economic

structure before they should be implemented on a broad scale.

Both "guesstimates" (1) by knowledgeable people and estimates without factual
basis, particularly by people with vested interests, have had a useful role in
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the past, will continue to be used in the future, and are especially useful when
timely opinions are needed as to where the more serious losses occur. In using
guesstimates to justify cost/benefit comparisons or to reshape established
practices, however, one needs to recognize the possible bias of the estimator:
Was it put in perspective by a thorough gleaning of the information, was the
judgment based on an in-depth and long-standing knowledge of local or even
country-wide conditions, was it made to reveal some situations and cover
others? It is critical to understand that guesstimates are the type of
estimations

that requires the most expert judgment.

If large area or national survey figures are taken without sufficient regard
for variations in the individual components, these figures may not be useful to
locate specific intervention points.

Finally, we might ask why, in the face of a need for accurate figures that has
not gone unnoticed over at least two decades, have there been so many
postharvest

loss estimates made with obvious biases, and why has a methodology

not been forthcoming from the scientific community?

As stated above, the guesstimates have served a useful purpose. They have

also been accepted by those seeking national resources and changes as well as
by those allocating international resources. Although the scientific need was
there, the political- and transformation-related requirements did not call for
scientifically derived figures. Now, with increased sophistication and
increasingly

limited resources requiring benefit-related priorities, there is a need to
know what the postharvest losses really are. Without such information, it is
impossible to assess needs or to calculate improvements. However, there has
been another factor that has stood in the way of assembling this manual. It
needs to be mentioned, for its recognition is the key to the present status and

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM 25/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS

ultimate fate of this volume. This factor has been the simple absence of anyone
to do the job.

Within the L.I.F.E. consortium, the American Association of Cereal Chemists,
under a contract from the Office of Nutrition, Technical Assistance Bureau,
U.S. Agency for International Development, has broken the impasse on

(1) This term is used to connote estimates with some facts by knowledgeable
people.

how and by whom the job was to be done, and it has developed and printed
this volume with the hope that it is a volume to be evaluated, tested, and
improved by actual use in the field. We look forward to the inevitable changes.

Kenton L. Harris
Carl J. Lindblad

August 1978
I. INTRODUCTION
K. L. Harris and C. J. Lindblad

This volume is directed mainly to grain loss situations in developing countries.
Determination of losses to food crops requires careful blending of the concepts
and procedures of several sciences while each is given its necessarily

detailed attention. Nowhere is this more true than in dealing with postharvest
losses to grain. Information gathering ranges from A to Z, and at the outset
emphasis needs to be given to the cultural-social aspects discussed in Chapter
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ITI.

While many of the methods contained in the manual relate to the evaluation

of damage caused by a single organism or mechanical effect, such selective
attacks rarely occur in nature. Interactions between major causes of losses
must be expected.

A basic concept of this manual is that it be applied in its entirety. Care needs
to be taken that personal, national, economic, cultural, and other biases do
not generate unwarranted project plans or conclusions. To illustrate, large
influential farmers may want technologies developed to suit their own needs
which may be completely inappropriate for small farmers whose grainhandling
systems are less mechanized or capital intensive, grain storage scientists

may want to continue in their own research area to the exclusion of other
equally important areas, national governments may favor one political region

or group over another, or international development agencies may have their

own priorities.

There are many ways to produce a list of intervention points. Consideration
could be given to technological improvements that would both cost the least
and prevent the greatest amount of grain losses to the benefit of the entire
country as a whole. However, political, economic, and social priorities need to
be taken into account in locating and identifying intervention points. What is
technologically ideal may be very different from what is practical and feasible
within the actual social, economic, and political environment. A balancing of
technical and social sciences is essential in assessing and reducing grain
losses.

For the purposes of identifying loss points which are critical and amenable

to reduction, this manual uses the pipeline concept to describe the location and
flow of grains. In this way, losses can be viewed individually and in
perspective;

however, the pipeline concept is not limited to technical or physical
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factors. Social realities come into play and perspective is required to both
understand those attendant social influences and to prevent them from being
blindly introduced as unrecognized bias. The pipeline approach weighs individual
loss points in relative magnitude. Combined with consideration of social
realities which influence amenability to in-depth assessment and loss reduction,
the pipeline concept serves to 1) identify critical loss points for in-depth
assessment and 2) provide a basis for development of improved technologies

for postharvest loss reduction.

The influence of personal judgment, and therefore bias, cannot be avoided
though the investigator or official may be unaware of its role. The investigator
must also constantly guard against yielding to pressures based on
unsubstantiated

assumptions. An example of the consequences of this kind of oversight

is seen in the countless huge, empty, and decaying grain bins installed across
the developing world under incorrect assumptions. They serve to demonstrate
that what is feasible in one situation will not necessarily be successful in
another.

The compilers of this manual have operated under the well-reasoned opinion
based on some practical experience that interventions to reduce grain loss

are often best channeled to the farmer/producer. There are a number of

reasons for this alignment. One technical reason is that the best form of loss
reduction is early prevention -- grain which is in good condition will
deteriorate

more slowly than grain which is, for example, already infested with insects

or poorly dried. Following that logic, to assure good quality food grain
throughout the pipeline, it seems practical and desirable to have it enter the
pipeline under optimal harvesting, drying, and storage conditions. Another
factor is that, in developing countries, much of the grain is stored and
consumed
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in the rural areas, in large part by farm families.

A loss assessment study that does not have built into it the strong possibility
and intention of benefiting the situation under study is of no consequence. The
purpose of loss assessment is effective and expeditious loss reduction. Loss
assessment need not and should not be a largely academic exercise.

Loss-causing damage may not divide into neat, exclusive categories. Moldy
kernels may be insect infested and vice versa. Insects can cause shattering, and
shattered kernels more readily support certain insects. Bits and pieces lost
through holes in bags or in processing may have been produced by too rapid
drying. These and other situations are more the normal than the exception and
need to be duly noted and judgment applied in interpreting data.

Certain concepts are dealt with in only one section of the manual though

they have applications throughout many facets of loss assessment and reduction.
For example, while the subject of economics is in a separate section, it

has applications throughout the manual. It bears on sampling and how, when,

and where the samples are taken. It bears on the selection of study situations
and how they impinge on each other, and it relates to cultural factors.
Similarly,

cultural factors are dealt with in a separate section though their implications
are also pervasive as they bear on sampling, analyses, and the whole

problem of functioning in a system without undesirably changing or destroying
it.

Early in the preparation of this first edition, an attempt was made to prepare
a manual that could be used by trained and untrained workers alike. This
proved to be impossible. The ideal of writing for those without any background
in grain storage, biology-entomology, food marketing, or the socio-economic
sciences was attempted and abandoned as impractical. The material

is, therefore, prepared for people with at least some pertinent experiential or
academic background.
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One of the important matters not covered in this manual is the matter of

mold toxins. This does not downgrade the seriousness of the mycotoxin problem.
Important as the problem is, this volume is concerned with measuring

losses of stomach-filling grain, not whether its nutritional wvalue has been
reduced. While strongly noting that food contaminated with mold toxins is to
be avoided, as regards mold-caused losses, this manual deals only with such
losses of grain actually discarded for human food because of the presence of
mycotoxins.

II. TERMS OF REFERENCE
A. Definitions
K. L. Harris and C.J. Lindblad

This manual deals with food grains, cereals, and pulses and the word

"grain" is broadly used to include all of these. It deals exclusively with the

loss

of food from the food chain and largely follows the definitions of Bourne (1).

In it, a working definition of the term "postharvest food loss" is set forth as
given below:

"POST HARVEST" means after separation from the medium and site

of immediate growth or production of the food.

Post harvest begins when the process of collecting or separating food

of edible quality from its site of immediate production has been completed.
The food need not be removed any great distance from the harvest

site, but it must be separated from the medium that produced it by a
deliberate human act with the intention of starting it on its way to the

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM 30/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS
table.

It does not include steps between cooking and eating as covered by Bourne
and agrees with Bourne to "not cover inefficiencies in human metabolism and
utilization of the food." In this manual, however, the pathway ends when the
food grain or the food prepared from the grain, or both, reaches the point
where it is to be finally prepared (cooked) for consumption.

Three periods of time may be identified during which food may be lost,
and each period has its characteristic problems, and means of overcoming
these problems.

a. Preharvest are losses that occur before the process of harvesting
begins, for example, losses in a growing crop due to insects, weeds and
rusts.

b. Harvest losses occur between the onset and completion of the process
of harvesting, for example, losses due to shattering during harvest of
grain.

c. Post harvest losses occur between the completion of harvest and the
moment of human consumption.

Postharvest intermixes in varying degrees with portions of the maturing-drying-
processing

period and often no sharp distinction can be made. Thus,

maize held in the field for drying is also maize held for storage and use. This
manual does not imply that any artificial sharp distinction must be made.

Harvest and post harvest losses are sometimes combined into a single loss
because there are some elements of common concern between them. A
suitable descriptive term for these combined activities would be '"post
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production losses'". The following schematic representation shows the
relationship among the various types of food losses:

1. Preharvest

2. Harvest } Post Production

3. Post Harvest }

In addition to Bourne's postharvest grain, this manual includes the ripe crop
remaining in the field, whether standing in its original position or not, for
further drying or holding, or both, until it is brought in or removed from the
growing position, eg, maize drying/storage in much of Latin America.

"FOOD" means weight of wholesome edible material that would normally

be consumed by humans, measured on a moisture-free basis.

Inedible portions such as hulls, stalks, [and] leaves . . . are not

food. . . . Feed (intended for consumption by animals) is not food [unless
specifically of interest to the individual assessment exercise].

The method of measuring the quantity of food in the post harvest

chain should be on the basis of weight expressed on a moisture-free basis.
There will be times when information on losses in nutritional units and
economic losses will also be needed but these should not be the prime
means of measuring post harvest food losses.

"GRAIN LOSS," as used in this manual, concerns the loss in weight of
food that would have been eaten had it remained in the food pipeline.

"LOSS" means any change in the availability, edibility, wholesomeness
or quality of the food that prevents it from being consumed by people.
Food losses may be direct or indirect. A direct loss is disappearance of
food by spillage, or consumption by [insects], rodents, [and] birds. An
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indirect loss is the lowering of quality to the point where people refuse to
eat it.

This definition is a people-centered definition. "Food" means those
commodities that people normally eat and excludes the commodities that
people do not normally eat. If the food is consumed by people it is not
lost; if it is not consumed by people for any reason at all then it is
considered a post harvest food loss.

Food losses are, at times, simply as they are locally defined or as they locally
occur. For example, grain which is discarded because of discoloration is a loss.
Processing losses occur when edible portions of food are removed from

food channels by the process or by spillage or breakage from the process. Rice
hulls are inedible. Their removal does not constitute a loss. Rice pieces
diverted from the food-chain are a loss. Rice bran is edible to some, inedible
to

others. The handling of each similar situation needs to be clearly defined as it
occurs. Corn cobs or cores are not a loss. The corn seedcoat is removed in
making corn grits. It is not removed in making many other foods. How it is
handled needs to be defined in each appropriate instance.

Where quality deterioration results in a loss in weight or in the food not
being eaten at all, eg, rejected in the marketplace, the rejected food is a
loss. In

this volume, quality is a consideration only as it relates to loss in weight of
food, but how it is handled needs to be defined appropriately in each instance.
The term "insects" includes true insects (six-legged arthopods) and grain-
damaging

mites.

Microbiological losses and microbial losses are used interchangeably to refer
to losses caused by molds, yeasts, and bacteria.
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CHAPTER 1II
B. Planning: An Overview for Project Administrators
K. L. Harris

Determining agricultural losses involves many disciplines and goes to the
heart of established cultural patterns. Administrators need to recognize the
complexities of what they have to deal with and understand that unless defects
in planning and implementation are overcome, the results will be jeopardized.
While this is an obvious platitude, it is of special importance here since the
nature and quality of the operation can set the stage for the nature and quality
of other programs that may follow in the technical and lay community.

Without attempting to set forth an administrative manual, the following
details are to be noted:

1. Project planning, depending on circumstances, may require inputs from,

for example, agricultural economics, agricultural engineering, agricultural
extension,

administration, anthropology, biology-zoology, cultivators/grain

owners, education, entomology, food marketing, grain storage science,
microbiology,

political science, rural sociology, and statistics.
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2. Revealing the status of the food grain supply may be a delicate matter
that impinges on matters of national and international security, as well as on
local, national, and international commodity markets and on foreign exchange
balances.

3. One needs to be aware of social factors; special village allegiances and
requirements; the role of women, the family, and other groups; and whether
information is best collected by lower-status field-workers, peers, higher-
ranking

individuals, etc.

4. Logistic requirements are imposed by terrain, delineated and undelineated
boundaries; presence or absence of containers, scales, meters, transport;
local customs and work patterns; and training requirements and capabilities.
5. Assessment work needs to be understood in terms of cultural factors:

local vames and definitions and local social and agricultural systems.

6. The assessment must relate to local needs -- individual, national, and all
in-between.

7. One should be aware of the interrelations between postharvest losses and
preharvest.

Basic survey operations, schedules, and plans are set forth in Table I and
Fig. 2. The time needed for such a survey will obviously depend on the size of

pgl2x17.gif (600x600)
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the country and accessibility of the sampling areas, but the decision on the
selection of farmers must take place before any final work begins so that

L. a. Gain familiarity of country during several weeks or months before going to the country.

b. Continue gaining knowledge about the country during year of activity.

2. . Gain insight as to what areas could be sampled during survey, based on reading.

b. ldentify representative sampling areas with officials of country .
3. a. Determine prephysiological maturity quality and quantity of target crops in areas and varieties to be sampled.
b. Determine maximum yield condition for quality and quantity of crops, as per area and variety.
¢. Determine quality and quantity of target crops at harvest.
d. Determine quality and quantity as grain moves through market channels.

Analysis and compilation of data.

Preparation and dissemination of report.

sampling visits can start immediately after harvest or any other start-up time.
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Modifications to the sampling pattern may be made in the case of crop failures
or similar unavoidable circumstances.

The nature of the operation -- and planning for the operation -- will

depend primarily on the factors that are to be investigated and how they are to
be investigated. This is the subject of this manual.

This manual deals with 1) obtaining a planning overview of grain movements,

the grain pipeline, 2) determining what portions of the pipeline should

TABLE I

Basic Plan of Operation

Timing

Stage Weeks Activity Personnel (a)

Preharvest 6 1 Familiarization with local CO
agricultural structure and

geography

2 2 Preliminary survey for choice CO, ES
of sampling areas

2 3 Fact-finding visit to chosen CO, ES
sampling areas for information

on storage practices to identify

strata and select appropriate

method of obtaining farmers
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Harvest(b) up to 4 4 (If required, construction of CO laborers
experimental stores)

2 5 Initial visit to selected farmers CO, Exp, ES,
to obtain basic information and LA

baseline samples (also purchase

grain for experimental silos)

Postharvest (b) 1-3 6 Examination of baseline samples Exp, LA
in laboratory and check on
proposed methodology

1 per 7 Monthly sampling visits to selected LA, ES
month farmers to collect samples and
record consumption patterns

1 per 8 Laboratory examination of field LA
month samples (and experimental samples)

7 9 (If required, brief questionnaire CO, ES
survey of other farmers to confirm
storage pattern)

2 10 End-of-season visit to selected CO, Exp, ES
farmers to check consumption and

thank for cooperation

Next

Harvest 4 11 Analysis of results in terms of Exp
loss per sample and integration
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with consumption pattern

12 Preparation of report CO, Exp

(a)CO = Country project officer; ES = extension staff; Exp = expert TSPC;
and LA = laboratory assistant.
(b) Drying, processing, bulking, etc.

Adapted from: Tropical Products Institute, Tropical Stored Products Centre,
Slough, England.

be further investigated both because of the size and nature of the losses and
their feasibility for reduction, and 3) conducting the detailed investigations.
This manual also stresses the use of existing in-country data on what grains
are produced in what quantities in what regions and consumption patterns.

CHAPTER 1II

C. An Overview of the Postharvest System: The Food Grain[\N
Supply Pipeline (Determining the Interrelationship and Relative
Magnitude of Losses)

K. L. Harris, W. J. Hoover, C. J. Lindblad, and H. Pfost

The flow of grain from its sources, ie, the farm field or import docks, to the
eventual consumer is depicted for the purposes of this manual as a pipeline
with many possible interconnecting pipes and reservoirs. Losses, or leaks, can
occur along the entire pipeline -- during harvesting, drying, transport,
storage,
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and processing. As presented in the Preface, the purpose of viewing the

food grain supply system as a pipeline is to assign individual loss points (egq,
on-farm losses) relative importance in terms of loss in other parts of the grain
pipeline (eg, transport or warehousing losses). This relative perspective is
necessary

to see the importance of the total amount of grain actually lost in any

given point as opposed to the percentage of grain lost which passes through

that point. Failure to obtain such a perspective has resulted in overly high and
low loss figures arrived at by extrapolating from observed losses at specific
loss

points without putting those losses into the perspective of the grain moving
through the total system.

This failure and the need to obtain an overview often apply to expatriates

and others entering a system for the first time.

One needs to use all possible local information to determine how and when

the grain moves from harvest to consumer, routes for movement and holding
patterns, and where and how processing is accomplished. Most of this information
is known locally.

Grain does not move in a straight line and uniform sequence from producer

to consumer. Harvested grain can be specially dried and otherwise treated to

go into special household use; some into an even more special seed-grain
storage. This grain may remain there or move out for food or trade under

special conditions influenced by factors such as family, weather, or government.
It may even be replaced by other local or imported grains. A portion of

the harvest may be held for short-term storage, a part for long-term storage,
and the rest sold or otherwise traded off the farm.

All of these factors, and more, need to be kept in mind in determining where

and what should be tested.

Delineation of the test sites involves looking closely at general loss
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situations

and careful on-site evaluations of specific individual sites. Selection of
"amenable"

sites (villages, cultivators, markets, transit systems, warehouses) requires
incorporation of many factors. Accessibility must be balanced against

the location being atypical because of proximity to outside influences.
Traditionalism

must be balanced against the need for outsiders to be accepted into

the delineated area. Language can be a key barrier, and an absence of direct or
completely competent and trusted lines of communication is unacceptable for
loss survey teams. Sex roles must be considered as to who really does the
harvesting, threshing/cleaning, storing, and marketing of the grain. All
parameters

need to be considered, and should cover the entire social, cultural,

physical, commercial, and political setting.

Even the simple village market has flowing through it all these effects, and
more, so that if there were to be a single measurement it would, in reality,
consist of measurements of many factors, each weighted as to volume.

Knowledge of actual high-loss and low-loss situations is required in determining
the need for, location of, and types of interventions. However, inordinately
high- and low-loss situations must be put into perspective rather than

giving them overemphasis as has been the case in some instances.

To further illustrate, out-of-condition grain held by market speculators may
suffer very high losses, say 30%. Taken by itself, this level of loss might
identify grain speculators as a critical focus for improved storage technology
intervention. However, if in fact only 5% of the total grain supply is ever
handled by such speculators who specialize in out-of-condition grain, the real
value of the total losses at this speculator level becomes 30 x 5%, or 1.5%
rather than 30% of the total grain supply.
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A useful investigation of postharvest grain losses requires detailed knowledge
of the entire postharvest food grain supply pipeline. Figures 3 and 4 are

pgl3x200.gif (600x600)
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Fig, 3. Grain marketing flow patterns, {From Department of Grain Science and Indus-
try, Kansas State University.)

two representations of supply pipelines.
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several intervening steps, and re-enter further along in the sequence.
Similarly,

movement occurs in both directions. Grain gleaned from the field or from
spillage on a farm or in a rural market can go immediately to a consumer or
may be bartered back into a trade channel. What might be loss to a farmer by
spillage at a local market, or to a transport company, may in reality be a mode
of payment for services rendered at an otherwise unacceptably low pay scale.

In each country, district, or community area, there exists a marketing system
for food grains. It is imperative that the flow of grain through the wvarious
facets of this marketing system be quantified so as to establish priority points
for observance and measurement of losses, and to subsequently focus attention
on loss prevention programs. Figure 5 shows a quantified flow in which
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different grains and oilseeds follow different foutes.

Moreover, different parts of the pipeline have different flow rates. While a
particular grain may be in a storage chamber for some time, it may be in a
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milling process for a very short time. The types of losses at those two
locations

are different; one is a loss which increases over time, and the other is
probably

a one-time loss due to such things as poor physical handling, equipment, or
packaging.

To follow the pipeline analogy, the two types of losses occur in the reservoirs
and in the pipes. Once grain has passed through a leaky pipe (eg, a poorly
adjusted grinder), it is not subject to that particular loss any longer.
However,

grain in a holding reservoir (eg, rodent-infested bin) is subject to those
losses

for as long as it remains there. Loss assessment methods and calculations for
the two types of losses can be quite different.

This, of course, complicates the task of assessing losses. Separate measurements
are required for the different types of losses that occur due to mishandling

or poor equipment settings, in addition to the biological deterioration

caused by insects, rodents, or moisture or other climatic conditions. Sampling,
tracing, eventual utilization, and testing of overall losses really entail
making

and evaluating individual, components in a system and calculating their overall
effects. Moreover, since effective loss reduction interventions need to be
directed to the reduction of specific leaks, it is the individual loss figures
that

need to be evaluated, not overall national figures.

Note: With the acknowledged limitation of development resources and perhaps
even greater limitation of available, trained personnel, the pipeline concept
is an approach that is recommended as a means of quickly and inexpensively
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focusing on significant losses in the overall system. It is also an effective
procedure for effective resource allocation.

There is every reason to believe that the presence of a survey in the system
will itself affect the system and the results of the survey. This will not be
discussed other than to note that economic, cultural, and political factors
governing the flow and treatment of grain can be expected to respond to the
survey itself, thus partially skewing the results.

CHAPTER 1II

D. Preliminary Examination of Specific Problem Points and
Making On-Site Rapid Appraisals

G. G. Corbett, K. L. Harris, H. Kaufmann, and C. J. Lindblad

Two of the most critical aspects of postharvest grain loss methodology are

the need to not attempt more than is feasible, and to rapidly seek and identify
for investigation major loss situations that seem both amenable to study and
responsive to improvement through practical interventions. By using a pattern
that has found almost universal application by expatriates from international
and national agencies whether dealing with the most primitive situations or the
most sophisticated, this first appraisal has become accepted as a 30-day
exercise.

However, 30 days may be too little or too much time, although this will

only be determined by the complexity of the system and the nature of the
questions being asked.

As with any investigation, some early judgment is made that the work is

needed and that there is a reasonable likelihood that useful results will be
obtained. After that there is a need to work with local officials in a
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preliminary

fact-finding canvass of the situation that goes into the entire nature of the
grain pipeline, as explained earlier, and then into individual problems and
their projected solutions. This includes all of the grain movement logistics,
personnel, political and cultural ramifications, etc., that will be called into,
or

will force themselves into, the final study.

It would be well for this preliminary canvass to proceed solely as a prelude
to a larger study, but such will not always be the case when immediate
developmental

decisions must be made before detailed information can be made available.
Interrelated aspects will proceed together during the 30- to 60-day
preliminaries:

Assessment exercises may be undertaken by expatriates to determine losses,
while locals seek to determine how to reduce the losses.

One task is the probing for specific problem points; the other is the job of
making rapid on-site appraisals.

One looks ahead to a more definitive investigation; the other comes to
on-site loss and intervention judgments within the rapid-assessment time span.
In one case we are developing a strategy to conduct a survey; in the other,
the survey and loss reduction efforts may be rapidly under way.

Preliminary Examination of Specific Problem Points

An initial survey is needed to determine what the problem is and what has to

be done. In the initial survey the best possible information available should be
used to ascertain the order of magnitude of the losses in the whole postharvest
system and to identify the major points and causes of losses. As the loss
figures
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are evaluated and observed to be accurate or inaccurate, they may serve as

data to evaluate the local system. It is important to obtain information from
people who are knowledgeable of the factors being assessed as well as from
voluble proponents of biased or special interest positions. Already available
reliable information, or lack of it, will help to decide the depth and focus of
the preliminary mission.

The key element is to identify those problem points that can be adequately
isolated, are likely to yield useful information, and are amenable to study and
loss reduction intervention.

Few locations in the grain pipeline will be neatly packaged, single-entrance,
single-exit, one-measurement situations. It may be necessary to make
measurements

over a period of time, to identify the points at which important losses

are occurring, and to make an estimate from the data and evidence available of
the order of magnitude of these losses. After such a survey (which will probably
reveal the need for longer-term assessment of losses), it will be possible to
define immediate, as well as longer-term actions. At the same time, the cost/
benefit implications for both the operators concerned and the country as a

whole must be considered.

The composition of the 30- to 60-day preliminary investigation mission will

vary according to the complexity of the grain industry and the local information
and expertise available. At least a grain marketing economist and a grain
storage specialist (entomologist-biologist) should be included plus a processing
specialist if it is anticipated that processing losses at village or industrial
level

are important.

Members of the preliminary mission must have experience in the organization

and operation of the grain industry in developing countries. The social

skills acquired by direct experience are invaluable and essential for the
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judgments

which must be made during the preliminary survey. As experience 1is so

critical here, interns would usefully be included in the mission; however, large
missions (more than four) are often hard to accommodate within traditional
social structures.

The mission will:

1. Map the pipeline using available government statistics and other inputs
from key informants.

2. Conduct an initial survey of the postharvest grain sysem to establish who
is handling, storing, transporting, and marketing the harvested crop; what
part of the crop is handled and stored by each operator, and for how long,
including farm storage for self-consumption purposes; and the condition of
handling, storing, and processing.

3. Review all available data on quantitative and qualitative losses occurring
in the system(s) and identify the major causes and extent of loss.

4. Prepare an inventory of available storage, transport, marketing, and
processing facilities and assess their adequacy in capacity, design, and
condition.

5. Review the present activities being undertaken to reduce postharvest
losses and list the resources available for these activities from both internal
and

external sources.

6. Design a phased action program to investigate or implement under the
project terms of reference.

In conducting the preliminary study, remember that grain losses occur in
situations that cause or allow them to occur, and as the losses occur, evidence
is left of what has and is happening and what will probably continue to
happen.
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There are many clues to both general and individual aspects of grain losses
that can be disclosed by the rapid assessment of a situation. Knowing that key
elements in insect depredations are moisture, temperature, numbers and kinds

of insects, length of storage, storage sanitation, and insecticide use and other
control practices, one can keep the presence or absence of these factors in
mind and come to some general or specific conclusions based on known scientific
principles. Estimates of 30% losses to maize stored for several months

under humid tropical conditions may be quite reasonable. The same figure

when applied to a cold, dry climate or to grain used up in three months may be
unreasonable.

Many farmers are well aware of these factors. Out-of-condition grain is

often passed along to the local market or government agency. Grain for long-term
storage may be dried, put in better storage, or treated wth a protectant.
Loss-prone varieties may be used first or sold off the farm.

Some conclusions will be fairly straightforward. For example, if grain goes
into bagged and naturally aerated storage that has evolved within the culture,
reasonably good storage quality may occur. If the same high moisture grain

goes into sophisticated silo storage without the necessary sophisticated drying,
there will be a high potential for loss. Poor sanitation, insects, molds,
leaking

roofs, rats, uncleaned bins and bags, high atmospheric humidity, and extreme
temperature variations all affect grain losses.

Generally, when insect damage is very difficult to find, the weight losses due
to insects are also negligible. One may know what a 250/0 loss in maize looks
like in one region and carry this mental picture to other regions and other
situations. The significance of frass, of extensive moth webbing, of adult or
larval insects may be so well known that they automatically lock into a fairly
accurate judgment -- a judgment that may well be sufficient for the experienced
person to come to a general conclusion on the extent of the losses
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themselves. This, in addition to contributing to a decision on whether a
situation

should be tested or surveyed in depth, may be as much as the situation
warrants, especially if the losses are estimated at around 5%. At this low
level,

even an in-depth assessment based on currently known sampling procedures
would probably be subject to an error as large as the loss.

In short, it is possible to do an overall appraisal based on an expert
evaluation

of the system with attention to pertinent parts of the harvest-to-consumption
flow or patterns, and to such loss-inducing and loss-reducing

factors as:

Moisture

Temperatures

Insects, rodents, birds (kinds, numbers, association with the grain)
Length of holding

Local quality and quantity controls

Types of bins and other holding vessels
Sanitation-insanitation

Trading quality factors

Use and nonuse of pesticides

0. Evidence and nonevidence of grain damage; kinds and amounts
Frass and webbing

Exit holes

Darkened (rotten) kernels

Degermed kernels

11. Mechanical loss factors

12. Location in the harvest-to-use pattern

QLA DM ROV JonUTdWNR
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The need to apply the physical loss parameters and to know what stimulates

or retards losses cannot be overemphasized. Many unreasonable guesstimates
would have been avoided if more attention had been paid to such criteria. Of
course, these same criteria will provide an operational arena for in-depth
assessment and loss reduction.

Finally, one needs to remember that just as losses do not occur in a vacuum,
neither do loss assessments, and one should expect the presence of a survey --
with

or without an overt attempt to make improvements -- to induce changes.

IIT. SOCIAL AND CULTURAL
GUIDELINES

The overall aim of this chapter is to introduce some of the complex
cultural-social-anthropological factors to postharvest grain loss assessment/
intervention activities. The message is made up of a variety of signals that
pass

in both directions: from the situation being investigated to the investigator
and

from the investigator to the situation. It is a dynamic process.

In grain loss assessments the need is to find out what the situation was or is.
The investigator wants to affect the milieu as little as possible while he
assesses

it. Thus he needs to be in tune with what is happening so that the assessment
will be an assessment of what he sets out to assess -- not of what his presence
is

bringing about.

This chapter is a result of many discussions, not only with Allan Griff and
Conrad Reining, but with many others. Griff, Reining, Harris, and Lindblad,
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together with Edna Loose and Maryanne Dulansey, examined, analyzed, and
reasoned the subject many times together. What has resulted is the foundation
statement of Part A and the evocative of Part B. Part A is self-explanatory.
Part B is purposely set forth so as to leave the assessor with many questions
into his own investigations.

A. The Fact-Gathering Milieu

Allan L. Griff

It seems obvious that planners and field-workers of grain recovery programs
should be familiar with the social and cultural background of the places where
they are working. But far too often this knowledge is insufficient and
incorrect,

and the result can be error and waste. Cultural awareness is no guarantee

of success, but it can help.

This chapter is but a brief outline of how culture operates, and its place in
the early stages of planning a program. It will raise many questions. It may
slow down some projects until adequate understanding of the people is
achieved. It may improve communications enough to get some projects off a
comfortable and self-perpetuating dead-center. But if one is committed to
tangible results rather than just good appearances and completed missions,
culture cannot be ignored -- rather, it must be understood. Culture is on our
side. Few want grain losses, but only a good understanding of the roles of
social and economic behavior of the people involved (ie, the culture) can make
this a contributory factor and not an adversary.

Culture is not Static Tradition
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First, we must erase the stereotype view of culture as stubborn adherence to
tradition and resistance to change. All cultures contain the seeds of change as
well as the inertia to resist change. This is the basis of cultural evolution.
Changes can and must occur for a society to survive, but they must be opposed
and tested to ensure that they achieve their aim, that the gains are worth the
losses, and that change does not occur so fast that the people cannot adapt to
it.

In this light, we should realize that what we think is good change, or even
what a country's leaders think is good, is never 100% good. There is a price to
pay for all change, and much resistance arises because the price is too high for
some or Jjust cannot be paid without excess hardship, despite apparent longer-
term

value.

Some people in some countries are used to a logical, scientific sequence of
cause and effect and can thus predict the future, more or less. This enables
them to confidently invest time, labor, and money in the future. It gives a
sense of control.

But in many developing societies, the people have little control and they

know it. Their plans have been thwarted by natural catastrophe, or by magic,

or by the will of forces distant and far more powerful (including both gods and
central governments). Given the crawling pace of development among the

world's rural poor, we cannot blame them for being a little skeptical about
proposed changes. This is not necessarily blind tradition. It may be healthy
and justified caution.

And stability itself has a positive value in all societies as it reinforces
behavior

by promising future returns for today's behavior patterns. Without stability,
people lose the incentive to keep past social values, as future outcome can

no longer be predicted. The result is an explosive proliferation of wvalues
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(witness

America and Europe today) and a disincentive to plan for the future at
all.

Evolved Versus Imposed Change

Many cultural changes have been imposed on people, often suddenly, with
remarkable results attesting to the equally remarkable adaptability and
resiliency

of people. Conquerors and rebels have imposed languages, religions,

food habits, and codes of law on other people since prehistoric times. They
have often also brought innovations that were eagerly adopted by the local
people, such as the gun and horse among American Indians, and baseball and
hamburgers in Japan.

On the other extreme, some changes took many generations to evolve, perhaps
because they were not very important or were not enhanced by political
association, or perhaps the price to be paid for the benefits was high. Where
agricultural innovations were concerned, the risk was often simply too great.
Some people lived and still live too precariously to experiment even if the idea
looks promising.

Development strategists today are caught in the middle. They do not want to
impose, yet cannot wait for evolution to do the job unaided. So we have
derived an intermediate form of '"coaxed" change, in which we decide before-hand
what change is desired. People do indeed want to better their lot, but

may be convinced that such efforts are futile and may be too polite or too
scared to tell us so, or may not even realize why they resist. Therefore, it is
a

good idea to look at the recent history of the subject community to see how
changes take place in that community.
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Study the Past

Every group has its own ways of change. They usually are those that minimally
disrupt the effective social order, and are also in tune with the popular

trends as evidenced by past change. Thus, both present and past -- in this case,
related to the economic and interpersonal structure of food storage and use --
must

be appreciated to see what might work and what might not. To this end,

the following questions will be useful:

1. Has the community made technological or agricultural changes in the

recent past? If so, through what channels were the changes introduced? Were
there models to copy? Key people whose support and influence were critical?
Economic or other incentives? Were the changes mainly imposed, coaxed, or
naturally evolved? Are the changes now an irreversible, integral part of the
culture, or are they artificially supported by current leadership and likely to
revert to original status if the support were removed? (The potential permanence
of a change is as much a measure of success as the change itself.)

2. Have any change attempts failed in the recent past? What were their

histories and apparent reasons for failure?

With regard to the "who" questions, the models are particularly important

and simply any model will not do. Certain people will be followed, others
rejected, still others ignored. The one who acts first may not be the real
leader;

he may be marginal with nothing to lose by trying or he may be acting under

the influence or command of others. The area of influence is also important -- a
man who can command respect and honor among civil servants may not

count for much among the farmers, or an older leader may be resented by the
young, and vice versa. It pays to learn local history to see how things got done
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before, and for expatriate workers it is certainly an error to assume one's own
national patterns of power and influence will apply.

It is also dangerous to believe everything we are told. Observation of attitude
and even tone of voice may be as important as the actual words said.
Double-checking critical statements is essential; relying on one or two data
points is as inadequate in social science as it is in physical science.

How Do You "Learn" a Culture?

The most obvious answer is time -- implying that people who have spent

years in a group become expert observers of that group. This is not always
true. Of course, time is necessary, but a competent observer must also know
how to observe, must be himself/herself relatively free from familial or
political

involvement that might affect observations, and must be articulate enough

to transmit them to others.

In dealing with local sources of information, all individuals are not equal.
Some are '"balloons" -- innovators who are free to change and the first to do
so, and some are "anchors" -- social-role conservatives who provide and
represent stability. Local landowners and similar elites are often in this
class,

while their children may well be balloons as with a relatively secure future
they

can afford to be different. This balloon-anchor continuum is a convenient way
to characterize local contacts and ultimately to ensure that one's information
does not all come from one type.

Just as people's responses depend on their individual characters, they also
often depend on how they view their questioners. Association with the local
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government or a donor agency may be helpful in some cases and a handicap in
others, and a strong personality may turn a respondent in many directions. As
an agent of change, an investigator must not imagine himself free from bias
either. Attitudes toward development and efficiency are hardly universal. But
he can try to stand back and put his own values aside for a while, at least
while

working, to enable him to learn what makes a host community tick. This will

be necessary to work within it to achieve the goals he has accepted for the
project or, when that is impossible, to get out gracefully.

Talking to natives or experienced foreigners may be the next best thing to
living for years in a place, but these are not the only alternatives. For some
people, it is easier and better to watch and listen to others without asking
questions. It is certainly less intrusive. Often, a conversation about events
seemingly unrelated to grains and farming will reveal ideas and attitudes which
affect the proposed actions. Economic insecurities, anxiety about family
nutrition,

worry about too much centralized control, and local labor problems are

examples of things worth listening to. Reading local newspapers and attending
local public functions where appropriate are useful techniques; beware,

though, of being inadvertently classified with a political party or social class
that is linked with the newspaper or the function. In any case, keeping eyes
open, and perhaps keeping a diary of observations, will pay off. And if your
function and aim become well known, you will receive much useful information.
In some groups, the very existence of a foreigner implies change and is a
threat to some and an object of economic courtship to others. It is hard for
foreign experts to avoid getting tangled in political games; if we have money to
spend or control, we are obvious objects of interest and concern. In some of
the more cosmopolitan places, however, where agricultural development and
extension work is commonplace, a new face is more easily accepted.
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Unfortunately,

the very places where acceptance is easier are also those with more
complex and intricate social and economic relationships, so the job is
proportionately

more complex.

Culture or Cultures-?

It is convenient but rare to find a homogeneous community with similar
beliefs and behavior. More often there is a continuum of behavior from
traditional

to daring, and sometimes a sharp age distinction, separating the younger
people who grew up after World War 11 in an atmosphere of independence and
international communication, from the older generation for whom tomorrow
was expected to be the same as today or yesterday. Sometimes the split is
between urban and rural, or factory workers and farm workers, or on racial or
religious lines, and, of course, there may be more than two groups involved.
The careful observer, then, will not automatically assume "one culture" but
look for signs of pluralism that will help him to identify, classify, and
eventually

understand the different attitudes and behaviors of different people.

Advance Preparation

Much can be learned before ever setting foot on the location to be studied or

assisted. In almost every area of the world, hundreds of observers have already

been there and, consequently, there are hundreds of books and articles telling

about the people and their cultures, ranging in quality from useless to
marvelous.
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Therefore, it is inexcusable not to study in advance.

Most field-workers get basic country information through their own agencies,
the host governments, or their own government post descriptions. These

are adequate if they are up-to-date and not too strongly aimed at wvisiting

businessmen and officials who do not have much contact with the rural people.

A more subtle problem is the definition of a country or region through the
eyes of its own U.S./Europe-educated officials and managers. These people
may ignore basic aspects of the culture because, with good intentions, they
think they are useless blocks to progress.

Sources

More detailed cultural information is available and worthwhile. Some sources
are:

1. The American Anthropological Association, which has a division concerned
with agricultural development, with names and members keyed to regions

and experience topics. Contact John Bennett, Washington University,

St. Louis, Mo., or Iwao Ishino, Michigan State University, East Lansing,
Mich.

2. The anthropology department of the nearest major university. In checking,
you may find a student just back from a year's fieldwork there and eager

to tell you what he knows, or a professor who is a recognized authority. Or the

faculty may know who in other universities would know what you want, as this
discipline is a complex and well-functioning information network in itself.
word of warning: "anthropology" outside the English-speaking world sometimes
is narrowly defined as study of physical characteristics and perhaps of
primitive tribes. In these areas, study of the culture-linked aspects or
agricultural

behavior may be found in departments of sociology, ethnology, economics,
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or in agriculture itself.)

3. The Human Relations Area Files at Yale University, New Haven, Conn.

which has cultural information on most of the world. You do not have to go to
New Haven to use it, as many other universities have access.

4. A meeting of appropriate professionals, such as the American Anthropological
Association which meets each year in November, with numerous

speakers, and its subdivision on agriculture meets at that time as well. A
related and useful organization is the Society for Applied Anthropology which
meets in the spring of each year. Details on both groups are available from
their common headquarters at 1703 New Hampshire Ave. N.W., Washington,

DC 20009.

5. The Society for International Development, an organization of development
professionals -- economists, technical consultants, officials, and field-workers
in aid organizations, and a few anthropologists. Most of the members

have international field experience. There are chapters all over the United
States and Europe as well as in some developing countries. The New York and
Washington chapters are the largest and hold several meetings each month; the
Washington group even has a rural development subdivision. For more information,
contact the North American office, 1346 Connecticut Ave. N.W.,

Washington, DC 20036, or the world headquarters at Palazzo Civiletta del
Lavoro, EUR, 00144 Rome, Italy.

Sources in Developing Countries

If you are already in the field, it may be difficult to reach many of the
sources noted above. If there is time, you can write to them (offer to pay for
Xerox, book, and airmail costs). But if you have to gather knowledge yourself,
there are still a few things you can do.

If you have prepared a grain flow sheet (or pipeline chart) -- a diagram
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showing the channels and amounts of grain as they move from farm to consumers
-—- there will be certain key locations that control movement. Going to

these places and watching who does what can be very useful, if it can be done
without obvious intrusion. For example, watching who buys grain at a central
market will yield information on purchase quantities, which in turn tells us
about home storage. If no money changes hands, there may be a credit situation
which controls purchase.

Watching harvesting and transportation of grains is also useful, and often
possible in the role of technical expert. But it will help to learn who the
workers are, who owns the vehicles or animals, what happens to spilled grain,
and other such factors. The object is to understand the economic relations
among the people and ultimately to understand the potential effects of any
proposed changes.

Officials and local counterparts in a grain saving program are certainly
available sources of information, but must be heard with caution. Some are
farmers themselves, or have worked in the grain pipeline for years, but others
may not really know how the majority of farmers and consumers behave; or

they may not want to talk in detail about behavior that they consider old-
fashioned

or even embarrassing. We do not wish to imply that all or even most

local officials are devious or misinformed; we warn only against uncritical

acceptance of their descriptions without other indications or feelings that they

are sensitive to and reporting what is going on around them.

There are many information sources in developing countries beyond the
officials. Many countries have a strong awareness of their own cultures and
have much published research. Appropriate university departments and libraries
as well as government officials can be helpful.

It is often useful to look at people through the eyes of observant and
articulate members of one's own culture. They can anticipate problems and
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reactions, and their advice should be sought. These might include
anthropologists

in the field, workers for volunteer organizations, or missionaries.

Key People

It is important to identify key people who can influence acceptance of

changes, but it is also important to distinguish between apparent influence and
real influence. Some people in important positions may really be servants of
the position and cannot promote certain changes even if they wanted to. (This
also is true in Europe and America.) Thus, personal and logical argument will
be useless and may even embarrass the official who knows you are right, but is
reluctant to explain why he must disagree.

Some positions of authority are temporary and others permanent, so it is
important to know the system by which people come in and out of power. This

can be quite complex -- in some areas, for example, people move up both
religious and political ladders, switching back and forth in a traditional
pattern.

Many of these traditional systems are breaking down in the face of modern
technology, communications, and other influences. Sometimes a foreign
fieldworker

finds himself/herself a symbol of change, with corresponding personal
alignments and antagonisms, even before he ever says or does anything. This is
a hard position to be in and some projects are doomed to failure or dormancy

(a more polite and often more profitable alternative) no matter what the
technical or economic merits of the proposed actions. Even if nothing can be
done, it certainly is good to be aware of such situations and perhaps ask other
colleagues about them on arrival, as part of initial briefing.
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The Culture of Development

The development business has its culture, too, involving both foreign agents
of change and local managers. Everyone has his/her own interests, and it is
reasonable to expect people to act in their own interests.

It is often easy to blame inaction on a few individuals, or on one class of
people or another, but development is not that simple. In reality, people of all
classes will resist risk, even as they desire growth and improvement of their
lot,

if they sense the chance that their status might change for the worse.

From this need to minimize risk emerge the relations among government

people, local businessmen and farmers, technical experts, and representatives
of foreign and domestic money sources. These relations build, of course, on
existing socioeconomic patterns, and are themselves dynamic, changing as
needed to maintain development money input with minimal disruption.

In each location, this network is unique, and there can be no fixed guide to
inform the newcomer, but a discerning fieldworker can easily see what is going
on. Observe the social relations of the participants -- who is invited by whom,
who accepts and who can reject, who pays at lunches or dinners, what reciprocity
is expected and what is given, who visits and who stays put, and who

waits for whom at appointments. Watch language cues, too, such as the use of
the familiar verb forms, first names or nicknames, and dialect or slang in
direct conversation.

In any such network, some people are more free to act than others, and this
degree of freedom should be noted for the people one must work with. In
general, technical experts have more freedom (but less power) than political
officials, young or old people more than middle-aged family heads, people

from another area more than others with local family and business connections.
These are guides, of course, and not rules, and there will be many
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exceptions.

In some places, there are long-standing patron-client relations which keep
subsistence farmers in permanent debt and service, or else maintain them as
low-paid farm workers. To the patrons, anything that may increase the economic
power of their clients -- even a grain use survey -- may be seen as a

threat to the current status, often already endangered by the communications
revolution. Some patrons are very troubled by this; others do not care. They
will all usually cooperate with government and change-agents, and many really
do want their people to eat better if that were possible without disrupting the
entire structure that they feel responsible for maintaining. In fact, where
leaders are sufficiently secure as to be benevolent in deed as well as word,
there

is the greatest chance for successful change, as the leadership can then get
things done.

A special problem is the self-perpetuating project which employs many

people including international civil servants, is government-sanctioned and
supported, and has no place to go if it succeeds. Thus, projects are kept in a
state of incipient success to assure the flow of money and support, as well as
the absence of disruptive change. Seldom is this a conscious conspiracy; more
often it arises from the very nature of the situation.

Much of this is common knowledge among careful analysts of the development
business. We include it here, though, because it may be useful for fieldworkers
new to development, and also because the interface between fieldworkers

and local officials is an area worth more attention and understanding,

even among the experienced.

What Are We Looking For?

To understand local behavior with respect to food production and consumption,
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observe these areas:

1. What is the money flow in the food system? What credit system is used?

Are farmers truly independent, or are they dependent through debt, or laborers
on land owned by others? Is there a social reciprocity system that

reinforces a dependence situation? And on whom are they dependent? Can

they afford the extra inputs to invest in new seeds, techniques, or equipment
that would ultimately recover more grain?

2. What is the belief system of the people regarding food supply? Do they

see it as a purely commercial transaction or are supernatural forces involved?
3. Do they understand the connection of more food with better nutrition

and health, ie, do they see themselves as having some control over their health?
4. What are the social connections to securing and consuming food? Is

much food given away, or eaten in larger gatherings, and how would that

affect the costs, risks, and benefits of saving more food? Can social
obligations

be used by hungry people to buy food, and thus give more incentive to

grain recovery? Food has many social and personal functions in addition to
nutrition and these should be well understood so that suggested changes permit
continuity of these functions.

5. What do the people do with extra money? If saved grain is sold for cash,
then the saving may be less critical. If extra money opens problems of taxes or
extra grain opens increased obligations within a social reciprocity system, a
saving may be disadvantageous to the grain owner.

Other questions and attitudes are explored in Part B of this chapter.

Social and Economic Ecology

Even with current ecological awareness, it may still be necessary to recognize
the interrelation that exists. The facts of ecology are well known for animals
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and plants and the physical environment, but are surprisingly neglected in the
social and economic spheres. There are social and economic ecologies, too,

and the effects of a survey or proposed change are felt in many ways, and

among many people other than those directly involved.

Social ecology may be linked to economics, if economics is broadly defined

to include all actions that maximize security and the ability to cope with one's
surroundings. People relate to one another, form and break alliances, cooperate
and compete. Some hope only to stay alive, to break even with life, while

others -- more and more as the potential for change becomes known -- try to
improve their levels of wealth, power, and prestige. The individual
entrepreneur,

in fact, may well be a role learned from colonials, who brought with

them the idea that work and intelligence (cleverness) can raise a person from
low to high in a lifetime -- a phenomenon previously seen only via miracles
and natural events, not under one's own control.

To understand social ecology, it is useful to describe levels of wealth and
power within a community and to learn the paths by which people can get
there. Some positions will be very stable, others precarious, and the degree of
stability should be noted as well. Then, the effects of a study or a proposed
change can be cast against this background: What will happen to X if we do
this? Or how does X see this change as affecting his community and his
position? Remember that he may see the exercise from a different wvantage
point than that of the investigator.

It also helps to learn how people define security, what their real aims are,
and whether they understand that they can better their lot without incurring
enemies who now have less. Competition may be based on the philosophy that

if T get more, someone else will get less. Riches breed anxiety in such a
system,

and it serves as a device to inhibit excessive differentials.
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Local social customs define associations. Such customs act as social glue to
serve as markers of who belongs where, or who wants to move where, or who

can trust whom, or what set of rules a person is following. Customs can also
define social boundaries to identify different groups within a community.
Economic ecology can also be viewed in numbers. This is the grain pipeline,
but determined from farmer to consumer, with attention paid to debts incurred
and values received along the line, not only in money but also in

services and promises of services. Prices may be less to one person than
another;

that is not always unfair, as it may be the seller's way of repaying a debt
or earning a future favor. Credit is all-important in understanding the pipeline
as the farmer's actions may well be linked to his credit sources and their
limits.

Another socioeconomic factor is visible difference. A man may not want to

do better than the others, at least wvisibly, if envy is to be avoided. In some
societies, invisible success 1is tolerated but in others it is betrayal of the
common

good, and only a cooperative or communal effort will work, as no one

would be obviously climbing over the others. A knowledge of attitudes toward
envy and success should be useful in planning the scope of proposed changes.
Outside development processes have reached almost everywhere in the world

and the remembered effects of local involvement have not been universally
favorable or unfavorable. Onset of a new program, either survey or direct
assistance, is an intervention into today and brings with it future concerns.
The

investigator will get more done more accurately when he knows the actions and
interactions of the people he is working with, when he recognizes the
similarities

and differences among them, and when he knows where they have been
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and which way they are going.

CHAPTER III
B. Anthropological Signposts
C. C. Reining

The researcher or project manager needs a clear understanding of the cultural
and social setting in order to meaningfully assess grain losses. At its most
basic level this means knowing who does what to the grain, how, when, and

why. It is easy to see that measurements of tangibles should never lose sight of
the people who produce, process, and consume those tangibles. However,

there is a need for understanding the human social and cultural factors which
go far beyond that immediate level and which will dramatically influence the
degree of success of a loss assessment effort.

Because so often the project managers in grain loss programs are outsiders

to the area being studied, there may be a high incidence of cross-cultural
communication gaps which can impair the progress and accuracy of loss surveys.
However, with careful effort, much can be done to overcome such

cultural perception difficulties. As cross-cultural communication gaps are
likely to occur throughout the span of the project, the effort and time spent in
developing a cultural understanding will more than repay itself in later-saved
time and expense.

Good social and cross-cultural communication skills will be required in
selecting, training, and supervising field-workers; in determining what
questions

need to and can be asked in field surveys, and in ascertaining how to

phrase them for ease of comprehension; in identifying which individuals are
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the best informants for specific questions; and in allowing for and putting into
proper perspective potential biases including those of the local farmers, grain
handlers, extension workers, field investigators, and the project manager
himself.

Particular objectivity will be needed when local ideas and values differ

from those of the investigator.

The continual need to balance and blend technically ideal procedures and
approaches with social, cultural, and political realities is a process which
will

influence conscious and unconscious cultural values and perceptions. More

than any other discipline or subject area involved in grain loss assessment and
reduction, the sociocultural one lends itself least well to a step-by-step or
procedural treatment in this manual. The cultural observation guides provided
at the conclusion of this chapter should not mislead the reader. No such guide
could be comprehensive. The guides presented here are provided as a tool -- a
thought-provoking means of helping project managers and their personnel to
formulate their own process for understanding the salient aspects of the local
culture and to develop the greatest possible depth of understanding.

In many circumstances, the limited time available for survey planning will

make invaluable the short-term services of expert anthropological or
sociological

assistance. It is assumed that every project would benefit from the assistance
of such expert staff members, although the reality of limited project

funds and personnel will often mean that such professional assistance will be
brief. Where such assistance is not available, a suggested analytical tool for
identifying the human element in the grain pipeline is in following through
each relevant process or stage in the pipeline to trace what might be called the
"grain handlers' pipeline." This can be usefully broken down as to who (age,
sex, and social position) does what, when, where, and why. As the situation is
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studied in more depth, critical and subtle elements will become clear, including
who has the decision-making authority and which individuals might be most

and least amenable to changes in their present grain handling and storage
procedures.

In spite of recent widespread recognition that women's roles in developing
countries have been largely overlooked, it is useful to emphasize this issue
again here. In subsistence farming cultures, women often perform many of the
tasks in grain handling and storage. Too often researchers and project planners
have failed to see and describe the role played by women. As a result, vital
parts of the intricately interwoven cultural framework have remained unobserved
and unaccounted for, only to be unpredictably changed, alienated, or

harmed when programs are initiated to improve the situation.

An outsider, defined as any person who does not live in the community,

finds it difficult to find out who does what, why, how, and when. When the
investigator is a man and the major tasks are performed by women, the problems
for an unknowing man can be insurmountable. It is not satisfactory to

ask the men of the village what the women do, how they do it, when they do it,
and why. It is not uncommon to have the men say that a certain task is done a
certain way, and to find out later that their perceptions are off, when the task
is performed by women. In addition to men's lack of awareness about particular
details of women's work, one must add the cultural constraints imposed on
outsiders, particularly those who are men, in communicating directly with the
women. This takes time and carefully selected and well-prepared investigators.
Female survey workers may be necessary in some cultures to gain access to
women. However, it is overly simplistic to assume that a female worker will
necessarily be more perceptive or reliable than a male in specific women-
oriented

investigational work. If there is a severe access problem in outsider

men even being able to talk to women, it may be essential to have female
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investigators, although in selecting field investigators, the more perceptive,
imaginative, reliable worker is always preferable, whether male or female.

When project managers and their field-workers do not speak the same language
and especially when there is a marked difference in their cultural or

social backgrounds, the inevitable communication problems caused by translation
and cultural differences need to be recognized and dealt with. Fieldworkers'
understanding of instructions and the reliability of their observations

must be carefully verified. This verification needs to be done in a number of
ways:

1. Regular personal observation in the field by project managers to check

on workers' methods and reliability.

2. Rephrase questions and instructions to assure full understanding and
accurate communication between director and workers.

3. Check several sources of information for cross-checking of observations

and assumptions.

4. Get to know field-workers' ways of thinking, biases, weaknesses, etc.

5. Keep to a minimum the number of intermediaries between project director

and the village situation, to minimize communication problems and distortion

of information.

In summary, it would be hard to overestimate the importance of social and
cultural awareness and understanding on the part of loss assessment project
managers and their personnel. Personal flexibility and willingness to learn will
be great assets in order to gain this understanding. Countless decisions will be
made which draw on this cultural understanding in balancing and adapting the
project's technical needs and scientific ideals with social and cultural
realities.

The following cultural observation guides are intended to help bring to light
salient cultural factors, although no amount of study and instruction will
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replace the learning opportunity of direct, personal experience in living and
working in a cross-cultural setting.

1.

a.

Social Organization

Describe the levels of wealth, power, and prestige in the community.

(Comment: Relations between social classes can have a profound effect

on

HhoOoQOooU

g.

handling basic items such as grains.

Who and what comprises the basic production unit?

Who and what comprises the basic consumption unit?

If they are not the same, why is there a difference?

How do these units form into larger units?

What are the local names of these units and do they have meanings?
Which persons or positions are the leaders within each level and how do

they communicate?

h.

Who does the harvesting, transporting, drying and other preparation,

and storing?

i.
j.
k.
of
1.
m.
to
n.

Who removes grain for sale or consumption?

Who has control of the grain before and after storage?

What is the relation between producers or producing units and purchasers
the grain?

Are there any legal restrictions on the sale or transport of grain?

What are the differences in storage of grains intended for sale as compared
those intended for home consumption and for seed?

If there are crops intended entirely for sale, what are the differences in

responsibilities and in handling?

O.

What types of occupational specialists are involved in the grain production

and storage?

P-

Who obtains the materials for storage facilities?
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g. Who builds the storage facilities?

2. Domestic Organization

a. How large is the usual household and what kinds of relatives does it
contain?

b. Does it contain any unrelated persons, such as permanent servants or
temporary laborers?

c. Is the household the basic unit or a subunit of production and/or
consumption?

How does the household link with the rest of the community?

What kinds of work are usually done by women?

What kinds of activities are avoided by, or restricted for, women?
What kinds of work are usually done by men?

What kinds of activities are avoided by, or restricted for, men?

Who makes the decisions about the various stages of production, storage,
processing, and sale or consumption of grains in the household?

j. Can exceptions be made to the rules about who makes the decisions and
under what circumstances?

k. Who does the training in storage techniques?

1. What happens to stored grain in the event of death(s)?

m. How is transfer of authority made on the death of heads of consuming
and/or producing units?

HB5Q Hh 0O Q

3. Cultural Factors

a. Are losses permitted because of lack of awareness?
b. Are losses felt to be inevitable?
c. Are the people concerned about their grain losses?
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d. What do they think should be done and why haven't they done it?

e. Which grains do the people believe store the best or longest?

f. Which grains do they believe are hard to store?

g. How do they explain the differences in storage characteristics?

h. How do they accommodate these differences? Do they have different
methods? Do they consume some grains more quickly than others?

i. How does the availability of other crops, such as root crops, influence
the storage of grains?

j. What are the indigenous materials used to help prevent damage to
stored grain?

k. What do the people see as the tangible causes of damage to stored
grain?

1. What are felt to be the intangible or supernatural forces controlling
losses?

m. How do they attempt to influence both the tangible and intangible
factors?

(Comment: There are serious problems of categorization here, both in
Western and indigenous terms. Often the distinction between "magical"

and "scientific" becomes blurred, as when a local remedy that 1is

felt to have mostly spiritual qualities may, in fact, have demonstrable
effects on stored grain, while other devices believed to have more direct
effects do not have any discernible ones. Most preventative practices are
a blend of empiricism and mysticism.)

n. What will be eaten that might have been damaged-?

o. What are the local guidelines for what should and should not be eaten?
p. What is done with spoiled grain? For example, is it fed to chickens or
other domestic animals?

4. Transition and Change
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a. Is a need for change or improvement felt by the local people?

b. How do they want to change the situation?

c. Is their knowledge of desired change sound enough to understand the
ramifications?

d. Can they afford the new materials?

e. Will they be able to sustain the new equipment and techniques?

f. How do innovations get into the community? Are there key positions or
individuals for introducing innovations?

g. What improved procedures have been introduced? By whom? Successfully?
h. Have storage systems of various indigenous systems in the same kind of
environment been compared?

(Comment: Most communities have had a long time to experiment with
adapting to their particular setting. It is usually difficult to improve
upon the local arrangements given the resources available. If introduction
of new techniques is deemed necessary, it may be more effective to
consider transfer from a similar indigenous setting rather than from
Western culture.)

5. Individual Factors

a. The local person

i. How typical is the person supplying the information?

(Comment: Often the typical or normal person is too busy to want

to spend time talking with outsiders. The persons most available too
often are marginal to the community.)

ii. What does the informant see himself or herself getting from the
interview?

(Comment: It is very human to constantly assess any situation to
maximize the returns. Beware of creating false hopes.)

iii. What are the biases and interests of the interviewee?
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iv. Is the interviewee skewing the information to fit the situation as

perceived?

(Comment: There is often a tendency to tell the interviewer what the
interviewee thinks he wants to hear. Misunderstanding is altogether
too frequent. Consider the difference in response if the interviewee
thinks there may be a tax imposed on the stored grain, as compared
to the impression that compensation may be paid for lost grain.

v. Are the interviewees saying what should be rather than what 1is
actually the case?

(Comment: It is important to distinguish between the real and the
ideal. Observe what they do as well as recording what

they say.)

b. The interviewer

i. What are the biases of the interviewer?

ii. What are the biases and interests of interpreters, if used?

iii. Are problems perceived from the viewpoint of the interviewer or
from that of the interviewee?

IV. REPRESENTATIVE SAMPLING,

INTERPRETATION OF RESULTS,

ACCURACY, AND RELIABILITY

B. A. Drew, with T. A. Granovsky and C. Lindblad

A. Introduction

Basic Assumptions
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Every scientific measurement is based on some kind of assumption regarding

the real world about which the measurement is supposed to supply some
information. Conducting a survey to measure average grain losses is such a
measurement and it is based on the following assumptions:

1. Cultural and economic conditions, level of knowledge of farmers, farming
practices, varieties grown, and harvesting and storing practices are
essentially uniform throughout the area to be surveyed. If this assumption

is to be verified by local observation, one will have to understand the
cultural milieu. If it is nonuniform in ways that can possibly affect what

is to be studied, sampling becomes more complicated and the advice of

experts should be sought.

2. All grain to be considered is stored in the same manner in units of
approximately the same size. That is, the largest unit is no larger than

five times the smallest. If the size variation is greater, then they should be
sampled and analyzed separately as two or more populations.

3. Size of farms is uniform to within a factor of 5. That is, the largest farm
is no larger than five times the smallest farm (in area producing crops for
storage) . Again, if the size variation is greater, then they should be

sampled and analyzed separately as two or more populations.

These assumptions limit the survey described to a single stratum. This is all
that can be done using the simple sampling plans outlined here. More complicated
plans should involve the help of experts in sampling as well as in grain

loss assessment.

Uses of Survey Data

In designing a sample plan it is essential to know the purpose or purposes for
which the results are to be used. For example, one might wish to determine the
calorie losses which are incurred due to parasites, in order to determine
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whether to supplement the farmers' diet, or one might wish to determine the
extent of losses in grain held in storage in order to decide whether to treat
it with pesticide. In one case, medical-nutrition concepts are involved; in the
other, grain losses.

The ultimate use of the results will influence not only the precision and
accuracy which are required, but also what is measured and what additional
data must be collected. Thus, the measurements which are made and the
ultimate use of the results, including the level of loss that is acceptable,
must

be decided before the survey is designed.

Editors' note: Given the present refinement of loss assessment methods, it is
generally accepted that [+ or -] 5% accuracy(2) is the best practical limit
which can be

expected (with rational allocation of resources and time against the potential
value of the reduced grain losses). At the same time, where losses are expected
to be 15% or less, a [+ or -] 10% accuracy level could all but obscure any
meaningful

information. Where such is expected to be the case, rapid expert assessment

of critical loss points may be economically justified while an extensive in-
depth

loss survey is not. For certain economic evaluations, no less than [+ or -] 5%
accuracy

can be tolerated for analysis to be meaningful.

Determining Area to be Surveyed

In making a survey over a large area such as a whole country or region, the
sample population should be divided into parts to reduce the problem to
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manageable proportions or to obtain a uniform population. This is called
multi-stage (stratified) sampling.

In such a situation there are two valid alternatives for sampling a
population. These are: To include in the sample of a population all of its
subdivisions, or to include a random sample of subdivisions of the population.
Section B presents these sampling methods in detail. The rule for this choice
is to take all the subdivisions when there are only a few, say 10 or less. If
there

are more than 10 subdivisions, then as many as are consistent with available
resources should be chosen using random numbers. At such a point knowledge
about the differences between particular subdivisions may make a valuable
contribution to deciding whether to choose all or a sample of subdivisions.
Advice from knowledgable people in this area should be sought.

Types of subdivision are extremely dependent upon the local situation but a
country (nation) may be divided on political boundaries such as states or into
units based on geographic considerations such as lowlands, uplands, river
valleys, and arid regions. The last division would be preferred when knowledge

or advice is available about the impact of such conditions upon storage losses.

In such a case, resources might be allocated to the various regions in
proportion

to the likelihood of postharvest losses.

The next subdivision might be on the basis of villages or small administrative
or political units. Here the units of the subdivision should be listed and
random numbers used to choose as many units as can be measured with

available resources. Remember that excessive variations in size of storage uni
may require separate analysis of samples as two or more populations.

(2) In this manual accuracy is expressed in absolute terms. Thus 20 [+ or -]
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5% means from 15 to 25%.

If there are different types of stores within the unit (administrative or
political

unit), then each type of store should be considered as a unit in the next
subdivision. It is the last possible subdivision to which this manual refers.

Accuracy

Accuracy of an assessment of grain losses depends on obtaining a truly
representative sample and making an accurate measurement on the sample. No
matter how accurately one measures a sample in the laboratory, the result will
be of little value if the sample is not representative. It is equally pertinent
that

no matter how representative the sample may be, the final result will reflect
all

the shortcomings of the laboratory measurement.

CHAPTER 1V

B. Probability Samples

Bias

The rest of this section will be devoted to methods to ensure a representative

sample and to avoid all sources of systematic error often called bias. If we
always sample the best-looking stack in the field, or the one nearest the house,
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or the one the farmer chooses; if we always take samples right by the entrance
into a granary, or where the grain looks good, then we may be putting a bias
into the sample. Even if we try to choose in a way to avoid bias we may
over-correct. If we try to avoid choosing units that are easy to reach, we may
unconsciously choose units that are hard to reach. The only way to avoid bias
is to take the choice out of our hands, to give it to a table of random numbers.
The method is called "probability sampling," and its result is a "probability
sample."

A Random Sample or a Representative Sample?

When establishing a sampling pattern, confusion exists between the terms
"representative sample" and "random sample." Representative sample usually
refers to a "stratified random sample," in which strata are defined and
represented in the sample in proportion to their size in the sampled material.
If 1) the strata have something to do with the property to be measured and if
2) a random sample is taken within each stratum, the variance of the estimate
may be lower than that of a completely random sample. Both conditions are
necessary, however. The following examples will clarify what is meant by such

pglx490.gif (486x486)
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I. The area or volume is
divided into equal-sized
unis,

2. The units are numbered
consecutively,

3. Units are selected for
sampling based on a
table of random num-
bers (Appendix B).

The advantage of this sytem is that each unit has an equal chance of being

selected.

Some problems to be encountered are that establishing and setting it up may be
difficult; units sampled may be grouped, by chance, in one area or another of the

area sampled; and it may get a poor estimate of variance due in part to clumping of
sample sites.

terms as randomization,

sample.

stratification,

random sample, and stratified random

The two sampling patterns given below are not recommended for use in a
loss assessment survey, but are presented for clarity.

Systematic Sample
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A sample is taken every so many units, eg, every 10th bag as it is
moved from location to location.

Some problems to be encountered are assumed damage or loss is
uniformly "normally" distributed, which is rarely true for insect
populations, the sampling pattern may conform to some inherent
distribution pattern of the damage, and no random component is
included and therefore statistical procedures cannot be used.

Centric Systematic Pattern

A sample is taken from the exact center of each unit. If such
samples are analyzed using parametric statistics and compared to
samples obtained by the random pattern, results may truly reflect
what is present.

All problems present with systematic samples are also present

with centric systematic pattern.

The sampling patterns illustrate the advantages of having some
knowledge about the material to be sampled, and show one way to

use such knowledge. But when there is no knowledge from which

strata may be deduced, complete randomization is the only way to
obtain a representative sample. This applies to each cell or stratum
in any scheme of stratification. A random sample should be taken
within each cell or stratum. Otherwise, the advantages of stratification
may be lost.

Properties of Probability Samples

This section presumes that a probability sampling plan will be used. The
reasons for this are:
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1. With this type of sample one may calculate confidence limits within
which the actual value of the result is reasonably certain to lie.

2. Generally one may determine in advance how many samples must be

taken.

3. This type of sample is guaranteed to be representative.

The actual value is the wvalue which would be obtained if the loss in every
unit in the area were to be determined.

Observational Units

The observational unit is the container, location, or process from which a
sample will be removed to determine the loss evident in the sample. This is the
smallest division or unit in which grain is held. It might be stacks in a field,
small silos or granaries on a farm, or woven baskets. It would be a single
basket rather than all of a farmer's storage baskets; it would be individual
bags

rather than the whole warehouse. Accuracy of the entire survey will depend on
the accuracy with which the loss is determined on each observational unit.

To facilitate sampling, the observational unit should be as small as possible.
This makes it easier to get a representative sample since it will be possible to
mix all the grain thoroughly and reduce the sample taken by quartering or

using a sample divider. This may be feasible where the grain is in baskets or in
stacks in the field. In silos or granaries it may not be possible and, unless
the

sampling is done with skill, the sample may contain a systematic error which
cannot be removed by any later calculation or analysis.

When any container is sampled as a unit, the assumption is that the defect,
contamination, or other characteristic to be determined is uniformly or at least
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randomly distributed within the unit. As a practical matter such is usually not
the case.

Insects/mites, moldy kernels, rodent depredation, and insect-eaten kernels

are more usually in location-oriented pockets (see Appendix A).

With time and money constraints and often with cultural-traditional limits

also imposed, the best that can be done is to design the mechanical sampling so
that the sampled grain will be as representative as practical of both the
undamaged

material and the layered or pocketed defects.

In any study the investigator needs to report what was done and why so that

the significance of the data can be understood by those who will use it.

Where grain is stored in storage units of variable sizes or types, a person
with competence in statistics should be called upon to help design the sampling
plan.

Number of Samples

To decide roughly how many samples must be taken, two items of information

are needed: the desired confidence limits, ie, the estimate of the overall
average loss within 1, 2, 5, or 10%, and the range of losses to be expected. The
range is the difference (in percent) between the highest expected result and the
lowest expected result.

With these two items, one can find from Table 11 how many observational

units will be sampled and measured to get a representative sample. If the

number to be sampled is too costly for available resources, the desired
confidence

limits will have to be lowered. If the range is underestimated, the number

of samples taken will be insufficient. Therefore, it is generally recommended

to make liberal estimations of the range expected unless the population is
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well known.

For example, as shown in Table 11, if the lowest result that is expected is

25% loss and the highest expected result is 85% loss, then the range is 85 - 25
= 60, and if the desired precision is [+ or -] 5% the sample must include at
least 81

units. If a sample of 81 units gives a result of 40% loss, the results should be
interpreted as 35-45% loss (40 [+ or -] 5%).

The above procedure is calculated on American Society of Testing Methods

(ASTM) Recommended Practice E122-58 and is based on statistical theory.

Other procedures for determining sample numbers which are based on intuition
such as arbitrary numbers and square root samples do not allow specifications
of desired precision in advance.

Table II is mathematically calculated to assure representative sampling
regardless

of total population size. It is based on the range of results expected

and desired confidence limits.

If the actual number of units is less than the number given in the table, then
all of the units should be sampled.

Preliminary Surveys

A preliminary rapid fact-finding survey, mentioned in several places in this
manual, is of value in gathering information to assess the homogeneity-
nonhomogeneity

of the system.

Answers to the following kinds of questions should be obtained by the
preliminary survey:

* Are there large differences in culture? Income level? Farming, harvesting,
drying, storage practices? Crop and variety grown?
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* In what size unit is grain stored? What is the largest unit found? The
smallest? How many of each class?

TABLE IT
Required Number of Samples
Range of Results Expected

100 80 60 50 40 30 20 10 5
(%) (%) (%) (%) (%) (%) (%) (%) (%)

[+ or -]1% 5,625 3,600 2,025 900 225
Desired [+ or -]2% 1,406 900 507 225 57
Precision [+ or -]5% 225 144 81 36 9

[+ or -]10% 57 36 21 9 3

Note: This table was derived by standard calculations based on a conservative
estimate of
population-defined standard deviation = range/4.

Sample numbers in this table were calculated using eq. 1 in Recommended practice
for

choice of sample size to estimate the average quality of a lot or process, ASTM
E122-58,
American Society for Testing Materials (1958).

* How big is the largest farm (village)? The smallest? How much land does
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each actually cultivate with crops that will be stored? Can you make a list

of all the farms? Can you locate them on a map-?

* How many storage units of each size class are there on the biggest farm?

On the smallest? Can you estimate the number on an average farm?

It may be of value to collect other data in a preliminary survey to facilitate
subdivisions into strata or for other purposes. As the preliminary survey
uncovers

separate strata, it uncovers material that needs to be sampled separately

if adequate overall coverage is to be obtained. It is also necessary to look at
the

total situation (eg, the subsistence or the marketing systems) and then
determine

what elements are to be measured. In other words, what components do

matter? What are the expected ranges of the variables? What should be ignored
as trivial®?

One needs to know all of the possible ways the population stratifies:
geographically,

climatologically, politically, and culturally (size of installation,

wealth, mechanization, kinds of storage).

The pipeline concept (see Chapter II) is a means of sorting out, for example,
situations, locations, economic and political factors. It is a means of focusing
on a situation to reduce the study to a homogeneous stratum.

Designing the Probability Sample

To design a probability sample, it is necessary to use a method that ensures
that every observational unit in the area to be surveyed has a known probability
to be included. When it is known in advance how many units there are and

where each one is, then a list is made and the units are each given a number in
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series from one on up to the total number. Then a table of random numbers

(see Appendix B) is used and those locations whose numbers come up are

sampled and measured until the required number have been done.

If the number of units and their locations are not known, an estimate of the
total number of units from the preliminary survey can be used to calculate
what proportion of all units to sample. For example, if one wants to sample
200 units and he estimates that the area to be sampled may contain 2,000 units,
then he takes one unit chosen at random for every ten units found. A method
for doing this is to make up lists of random numbers for farms containing
various numbers of units and put them in envelopes for the sampler. When he
comes to a farm that has 51 units, he first numbers each of the 51 units. Then
he opens an envelope labeled 45 to 51" which contains five random numbers
(between 1 and 51 inclusive). He then takes samples from the five units given.
In sampling farms if the number and location of farms are known, each

farm is given a number and the farms to be visited are chosen with the table of
random numbers.

Taking samples on a farm which has more than one stack or granary should

also be done at random, taking into account any known pattern of use or any
other known nonhomogeneity. It is best to decide in advance how many units
will be sampled on a farm and to have sets of random numbers of the correct
size in envelopes. Then the sampler can number the units (baskets, stacks)
found, and choose an envelope labeled for that many units that contains the
required random numbers (see Appendix B).

Note: In sampling it is always a good precaution to identify extra sampling
points and to take samples from these sites to replace the inevitable accidents,
dropouts, or loss of sampling sites.

CHAPTER IV
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C. Detailed Instructions
Choosing Farms or Villages

All the farms (villages) in the area to be surveyed should be listed and the
number of samples that are required should be determined (see Table II).

If there are more farms than samples required, and if the farms are all the
same size (within a factor of 5), then

* Give each farm a number from 1 to as high as necessary.

* Use a table of random numbers to choose the farms to be sampled. The
farms chosen may be visited in any order that is convenient.

* Obtain samples from one observational unit (stack, basket, crib, etc.) on
each farm. Choose the unit with random numbers after seeing how many

units there are on the farm.

If more samples are required than there are farms, and if the farms are all
the same size (within a factor of 5), then

* Determine (or estimate) how many observational units there are in the
area to be surveyed. The total number of units is called N and will be
greater than the number of farms, if several observational units are
present on each farm.

* Determine the number of samples necessary from Table 11. This is n. The
fraction n/N is the sampling proportion.

* On each farm (or in each village) count the number of observational

units and multiply by the sampling proportion. The result, rounded to

the next highest whole number, is the number of units to be sampled.

Sampling on Farm or in Villages

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM

94/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS

Labeling of Samples. All samples must be labeled and retain their identity as
to date collected, exact location of source, how sample was obtained, grain
type, variety (if known), time in storage, and type of storage.

Procedures for Sampling

Standing Grain in the Field

* Choose an area (in square meters in broadcast crops or linear area in row
crops) that will yield 1 to 1.5 kg of shelled grain.

* Divide the field into units of the chosen area.

* Give each unit a number starting with 1 and going as high as necessary.

* Choose as many random numbers from the table furnished as there are
samples to be taken.

* Harvest and shell the grain in the unit areas whose numbers were chosen.
* Package the grain from each unit for transmission to the laboratory.

In the Field in Stacks (If Each Stack Contains More Than 2 kg of Shelled
Grain)

* Give each stack a number starting with 1 and going as high as necessary.
* Choose as many random numbers from the table furnished as there are
samples to be taken.

* Shell each stack whose number was chosen.

* Reduce the grain by coning and quartering or by using a sample divider
(see Appendix A) to a sample of 1.5 kg.

* Package the sample for transmission to the laboratory.

Note: If each stack contains less than 2 kg of shelled grain, choose twice as
many random numbers as there are samples to be taken. Combine the grain
from two stacks into a single sample for transmission to the laboratory.

When the Shelled Grain is Stored in Baskets
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* Give each basket a number starting with 1 and going as high as necessary.
* Choose as many random numbers as there are samples to be taken.

* Reduce by coning and quartering (or use a sample divider) each basket
whose number is drawn to a sample of 1 to 1.5 kg.

* Package the sample from each basket for transmission to the laboratory.

When the Unshelled Grain is Stored in Small Units (Such as Baskets and

Bags). If the grain is stored in small units on the cob, head, or panicle, shell
the

contents of the whole unit before coning and quartering to yield a 1- to 1.5-kg
sample.

When the Unshelled Grain is Stored in Large Cribs, Silos, or Granaries. To
sample grain stored unshelled in cribs, silos, or granaries, unload and shell
the

entire lot. Then cone and quarter (or use a sample divider) to obtain a sample
of 1 to 1.5 kg. Or unload the grain equally into baskets and then use the
method for unshelled small units (choosing baskets by stratified random sample).

Note: In storage, ears of cob maize or panicles of sorghum/millet and maize
can be labeled randomly as the crib is filled. The farmer can then be asked to
set these ears aside as he encounters them during emptying. Determining an
adequate sample of ears or heads from a crib can be a problem, however. This
procedure should be used only after careful study of its applicability to the
local situation.

Large Bulk Storage Units, Shelled. Obtaining a representative sample from
a large bulk container is difficult. Ideally the grain would be transferred into
another container in such a way that samples could be obtained from the grain

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM 96/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS

as it falls into the new container. A container small enough to be handled
easily should catch the entire falling grain stream until it is full or passed
through the entire stream and the caught grain placed into a larger sample
container. This procedure would be repeated at frequent, regular times
throughout the transfer.

When all the grain has been transferred, the sample that has been collected
may be reduced by coning and quartering or by using a sample divider to 1 to
1.5 kg for transmission to the laboratory.

If it is not possible to sample the grain during a transfer, then a probe may
be used. It is recognized from research results that a probe sample is not
representative (see Appendix A). When probe sampling is used a note should

be made of that fact in the final report. In using the probe, an effort should
be

made to reach every part of the storage container. Several times as much grain
as is necessary for the final sample should be taken and then reduced by conin
and quartering or by using a sample divider. Samples should be taken with the
probe in at least the positions shown in Fig. 6, using a compartmented probe

pglex57.gif (426x426)
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Fig. 6. Probing locations in rectangular and round bins.

that samples at all levels.

Mass Storage in Bags. Obtaining a representative sample of a large mass of

grain stored in bags can only be done if every bag is accessible. To sample such
a store requires that one chose enough random numbers and then move the

grain one bag at a time to a new location diverting bags for sampling
corresponding

to the random numbers. The diverted bags should be sampled, preferably

by coning and quartering the whole bag or putting it through a sample

divider to obtain 1 to 1.5 kg of sample for the laboratory. The remainder can
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be returned to the bag and to the store.

A less satisfactory alternative is to obtain a sample from each randomly
chosen bag by probing. A probe long enough to reach diagonally from corner
to corner of the bag should be used and the bag should be probed on both
diagonals and in enough other locations to obtain 1 to 1.5 kg of grain from
each bag.

It should be noted if every bag is not available to be sampled so the result
will refer only to those bags that were accessible. The bags sampled should be
chosen by assigning numbers to those that are available and using a table of
random numbers to choose the bags.

Sampling procedures should always be reported, especially when the sampling
is suspected to be nonrepresentative as in the case of stacked bags,
unshucked or unshelled grain heads and cobs, and when there are visually
observed concentrations of insects or mold, or both.

V. LOSS MEASUREMENTS AS
RELATED TO SITUATIONS WHERE
THEY OCCUR

Many, if not most, postharvest losses occur as a result of externally applied
adverse factors, as when insects, rodents, and birds consume the grain. Other
losses occur while, or because, the grain is in an otherwise useful state or
process. Losses are often sustained while the grain is being threshed. These
losses are brought about by (deficiencies in) the threshing process.

Grain must be transported from farm to urban centers. During this process,
bags or vehicles may leak and grain is lost along the way. The transporting
process 1is useful; it also may result in losses.

In this section, measurement procedures are dealt with as they relate to the
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process the grain is undergoing. The techniques for analytical-type testing not
given herein are in Chapter VI.

Processing losses are affected by prior induced quality factors such as checking
and cracking rice and corn, and a methodology should put such factors in
perspective.

Methods are not given for all the procedures needed to determine prior-to-
processing

damage that brings about subsequent losses during processing.

Also methods are not given for all processing damage that causes losses during
further manipulation.

A. Background Information
D.A.V. Dendy, with K. L. Harris

Two basic concepts are used in this chapter. One is to measure the situation
(usually output) of a given operation and to compare it with an ideal (hand or
special machine) operation. The other is to measure losses by weighing the
various food, feed, and other streams and making direct calculations of what
does not end up as food.

Whether the loss is waste 1s not a matter that depends on methodology. Bran
can be waste, feed, or food, independent of loss-assessment methodology.

What results as food may be compared to total food value, to food obtained

by the best possible process or best possible commercial process, or even by an
experimental process. The methodology simply needs to be set up to make the
required measurements.

Shelling of Maize
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Stripping of maize grain from the cob is known as shelling. Losses occur
wherever mechanical shelling is not followed by hand-stripping of the grains
remaining on the cob. Certain shellers damage the grain, making insect
penetration

easier and subsequent storage losses higher.

Threshing

Losses occur during threshing by spillage, by incomplete removal of grain

from stalk, or by damage to grain during threshing. They also occur after
threshing due to poor separation of grain during cleaning or winnowing.
Incomplete stripping usually occurs in regions of relatively high labor cost at
harvest time, where the method of threshing leaves some grain unthreshed but
labor is too expensive to justify hand-stripping. Workers in Malaysia observed
that 1.13% of paddy was lost by falling outside the threshing tub; it was also
noted that up to 11.7% was left on the straw.

Certain mechanical threshers have cleaning equipment designed for only dry
grain. A wet season's harvest, eg, of paddy, will clog the screens and grain
will

be lost with leaf and broken stalk.

Use of oxen for threshing paddy provides a trodden straw said to be more

easily digested. If the threshing floor is muddy or cracked, grain will be lost.
There can be a 5% increase in cracked and broken kernels after combine-
harvesting

paddy compared to hand-harvesting and hand-stripping.

Cleaning and Winnowing

Cleaning is customary before milling. At the home, hand-cleaning is a
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combination

of hand winnowing with hand removal (eg, of stones); losses can be

very low when carefully done or high when siftings are allowed to scatter on
the ground or winnowing done with the same result. With correct equipment,
losses should be low in mills, but equipment undersized for the quantity of
extraneous material, such as dirt, will cause losses of grain by removal with
the

dirt or by the dirt being carried forward into the milling stages. Loss
assessment

is difficult as losses are usually low; high losses are spotted by operators
and the extraneous matter is recleaned.

Drying

Two losses are frequently caused by drying: removal of grain and portions

of grain from the drying system, and damage to the grain leading to a subsequent
loss.

Grain which is dried in yards, on warehouse floors, or on roads will be
partially consumed by birds and rodents. Wind, either natural or from passing
vehicles in the case of road drying, will blow some grain away. Although very
little grain is removed on vehicle tires, damage by vehicles may cause
subsequent

losses. Mechanical dryers may cause damage leading to removal of parts

of the grain (such as bran) from the system either in the air flow or in
subsequent

cleaning operations.

The principal loss-factor occurring during drying is caused by kernel cracking
("checking") of grains such as rice, which are eaten whole. Usually the
greatest damage occurs through re-wetting which happens when grains of

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM 102/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS

different moisture content are mixed in a dryer, and when rain or dew re-wets
grain in a yard. The damage is manifested as broken grains during milling,
especially in the polishers.

Primary Processing (Milling)

This includes all processing operations carried out on grain in the home or
mill, such as cleaning, parboiling, hulling, de-branning, grinding, and
separating

(classifying) . Secondary processing (cooking, baking, fermenting, extruding)
is excluded; such losses as occur are usually unavoidable, being intrinsic to
the process and preventable only by a change of process -- more a subject for
the sociologist than technologist.

In the home and small mill, grain processing is effectively a batch process in
which relatively small quantities of grain are processed by one or more
operations

and the product collated, then brought together for sale or other processing.
In large mills, the processes are continuous and loss measurement is
performed periodically by sampling product streams. All of the pre-milling
history affects the fate of the grain during milling.

Parboiling

Though easily quantifiable losses of soluble materials occur during parboiling
of paddy, these losses are more than offset by the improvement in nutritional
value of the kernel.

Hulling, Polishing, Especially Rice Milling
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Removal of the outer coats from a grain may take place in one or more

stages. For paddy rice, red sorghum, and oats, considerable mechanical effort
is needed to remove these layers. Any weakness in the kernel, caused previously
or inherent, will manifest itself at this stage. Even with grain in perfect
condition, only the best process with correctly set machinery will yield an
out-turn of whole polished grains approaching 100%. In the case of rice,
broken grains command lower prices and finely shattered material ceases to be
human food. Some leaves the mill in the husk (fuel or waste), but most with
the bran (feed). Bran removal may be considered a loss. With the consumer
demanding rice with a high degree of polish, the loss at that stage must be
measured and then changes made to keep the losses to a minimum. It has been
noted that even a 1% increase in yield of whole grain rice can result in huge
increases in national resources.

Grinding

In some processes such as wheat milling, removal of an edible part of the

grain, eg, the germ, is deliberate and desired by the consumer. Whether this is
a loss depends on the terms of any particular study. However, mechanical

losses of desired ground products frequently occur, often caused by maloperation
of the process or worn equipment. Common processes are pounding in a

mortar, grinding between stones or toothed steel plates, and the complex
Hungarian system for milling wheat into flour.

Separation

Whether the separation of edible from less desired products is done in the
home (eg, winnowing hulls and bran from rice) or mill (eg, sieving flour from
bran) , complete separation is rarely achieved. With rice, it is difficult to
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separate

the more finely broken grains from bran, and with wheat, flour adheres to
bran and special equipment is used to remove most of this as flour.

Nonuniformity

Processing of mixtures that are nonuniform because of such factors as
hardness and softness of kernels, size (length, plumpness, etc.), and moisture
content difference is itself a cause of losses.

CHAPTER V

B. Guidelines for Performing Studies of
Farm Storage Losses (3)

J. M. Adams and G. W. Harman

1. An inter-disciplinary team, comprising at least a storage technologist and
an economist, is necessary. The team should arrive in the area early enough
before harvest to enable it to plan effectively, to select fieldwork areas, to
train

and brief enumerators, and to conduct necessary trial runs.

2. The sampling frame for investigations on both technical and economic
aspects should be determined and stratified. Areas chosen for fieldwork
should be as representative as possible of traditional practices, both
preharvest

and particularly postharvest. (See Chapter IV.)

Information on the technical aspects of losses should be obtained by:

1. Collecting the necessary baseline data on the moisture content, damage,
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and bulk density (bushel weight) of the commodity immediately prior to storage,
and recording any procedures involving selection or treatment of the

product for storage.

2. Recording the quantity of the commodity placed in storage.

3. Recording the date on which some of the commodity is first removed

from the store. Thereafter samples of the commodity should be taken at

monthly intervals. The sampling method used should be pre-tested, prior to
large-scale use, for its acceptability to both the investigator and the farmer.
4. Collecting information on the rate of consumption of the stored commodity
over the storage period. This should be done on each sampling visit.

5. Analyzing the samples to obtain estimates of loss and applying these to

the consumption pattern to obtain an estimate of loss over the complete storage
period. Weight of a standard volume of grain corrected for moisture

content changes should be used to assess losses in samples when regular sampling
is performed. If this is not possible the formula method may be used to
estimate losses within individual samples, but with less accuracy. (See Chapter
VI.)

6. Setting up simulation stores, if necessary, which are under the control of
the investigator and simulate the farmers' pattern of consumption. The commodity
should be accurately weighed in and out of the store. Care should be

taken that the grain placed in these stores is of the same quality and selected
in

the same way as that placed in the farmers' stores.

Information on economic aspects will be obtained:

1. By a questionnaire survey on a once-only basis, conducted with a
representative

sample of farmers.

2. On a regular basis from farmers from whom grain samples are taken, if

this is part of the research, and from official sources.
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The questionnaire survey should be evolved in three stages:
1. A basic outline following on-site discussions.

(3)Adapted from J. M. Adams and G. W. Harman. The evaluation of losses in
maize stored on a selection of small farms in Zambia with particular reference
to the development of methodology. Trop. Prod. Inst. Rep. G109 (1977).

2. A trial run (see below).

3. A final revision. The questions to be asked will depend on the objective
of the survey, the potential ability of the interviewees to respond, and the
time

and staff resources available to the research team.

The questionnaire should be sectionalized as required by the study. The
following is a guide to some but not all of the main subject areas:

* General. Farmer's status, household size, measurements of wealth (cattle
ownership, alternative employment, size of farm), credit facilities and
usage of.

* Cropping. Crops grown, area, and disposal/storage.

* Principal grain crop(s) production. Varieties grown, seed source and
costs, use of fertilizers and insecticides, drying and pre-storage activities.
* Storage. Quantity stored, form in which stored, number and type and
structure of stores, cost of stores and store materials, labor for building
and maintenance, age of stores, potential life, pre-storage and in-store
treatments, dates of first and last removals, frequency and quality of
grain removed, site of removal from the store, usage of grain removed.

* Storage losses. Cause, severity, usage of damaged grain.

* Marketing. Sales of grain which is never stored, quantity, wvariety sold,
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reasons for sales, grade/price made, buyers, transportation.

* Buying. Quantities bought, form (grain, meal, etc.), frequency, price,
source, usage.

It is important to emphasize that the above are broad outlines only. Each
situation may require some addition or deletion and all situations will require
precise framing of the questions to be asked. These six criteria should be
observed:

1. do not ask unnecessary questions; limit the number and complexity of
questions so that each interview is completed in 30 to 40 minutes maximum.

2. as far as possible, frame the questions so that the answer is yes or no.
3. have a trial run and revise or eliminate difficult questions.

4. avoid sensitive questions if possible and seek local advice as to which
questions are sensitive. (It is, however, surprising how many seemingly
sensitive

questions can be asked and will be answered if correctly phrased and
properly put, emphasizing the importance of enumerator training.)

5. train enumerators thoroughly, work with them through their initial field
operations, and spot-check their activities at intervals.

6. consider the feasibility and advisability of moving enumerators between
areas and strata both as a check and as a stimulus on the individuals'
performance.

This questionnaire survey will probably be asked of a larger sample of
farmers than the one from which samples of the grain are drawn for analytical
purposes (assuming that the latter is part of the study involved). Nevertheless,
all of the latter should be asked the questionnaire survey; their actual
activities

on grain removal can be observed in practice and comparisons of observations
and statements will provide a valuable check on farmers who are involved in
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making statements in the questionnaire survey only.

Economic information should be collected on a continuing basis from

farmers. If, as is likely, it is necessary to undertake a program of regular
sampling of farmers' stored grain, regular visits should be made to collect
economic information of usage patterns, quantities and prices for sales and
purchases, time required for store building and maintenance work, and cost of
materials used.

CHAPTER V

C. Procedures for Measuring Losses Occurring During or
Caused by Processing Including Threshing, Drying, and Milling
of Most Grains, but not Maize or Pulses/Groundnuts

D.A.V. Dendy, with K. L. Harris

Processes may be continuous or batch. In the former, samples of input and
output should be taken at regular and measured intervals. The amount (1, 5,

or 10 min) of production taken from various lines in the system can be weighed
to give the quantity of stock carried in that line in proportion to other lines.
Samples may be taken in the usual way from the bags of grain entering the
process and bags of product(s) leaving. Overall mass balances must be

measured and converted to standard moisture content or to dry weight.

Two fundamental methods are used: measurement of total system (mass

balance), and comparison with a standard.

Measurement of total system. The loss itself may be weighed. The optimum
process gives zero loss. Examples are threshing (loss on stalk) and maize
shelling (loss on cob). In some cases the loss itself cannot be measured, but
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the

input of grain and output of products can be weighed, the difference being the
loss. In other cases, loss will be a comparison of the traditional or commercial
system as against a perfect hand-stripping standard.

Comparison with laboratory standard. Comparison is not against a perfect

(100% recovery) standard but with an optimum standard, usually taking each

unit operation (stage) separately. Although this method is not ideal, if the
standard of comparison is adequately described, the comparison will produce
useful information.

It is important also that unit operations (eg, hulling and polishing) subsequent
to that under consideration (eg, drying) be investigated or that information

be obtained on the entire flow in the best possible and most standardized

way .

Sampling (see also Chapter III)

Sampling procedures are simple for batch processes such as are carried out

in small mills and homes. If a loss of material is looked for, then a weigh-in
weigh-out procedure will be adopted. Where a lowering of quality is suspected,
a sample should be taken before the process and put through a parallel but
optimum process (eg, in a laboratory mill) to compare the products. In
continuous

systems, the unit operation (stage) can be scrutinized while representative
samples of substrate are taken at regular intervals before and after. The
condition of the inputs and outputs is determined by laboratory examination.
The amount (weight) of the outputs is obtained by comparing the total weight
of the streams over a fixed period of time so that the comparative amounts of
grain going to food, feed, waste, etc., can be determined. For example, in a
continuous flour-milling operation, weights taken over a 1-min period of
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flour, bran, shorts, and dust will show what proportion goes into each product.
If dust is 0.5% of the flour + bran + shorts, and dust is used for fuel

while flour, bran, and shorts are all food, then the loss in this stage is 0.5%.

Operators

Where losses depend on operator efficiency, there will always be the problem
of deciding whether the operator is working normally or at an enhanced
efficiency to impress the assessor. The tester must gain the operator's
confidence

and impress on him that it is not he who is under scrutiny.

The following examples can be used as a guide for other unit operations.

THRESHING LOSS 1: Unstripped Grain (Loss With the Straw)

A suggested method is as follows. Random samples of bundles of cut grain

are chosen and threshed by the customary method. The threshed grain (sample

1) and straw are retained. Directly supervised labor hand-strips every grain
(sample 2) from and out of the straw. The two grain samples are then hand-
winnowed

carefully to bring hand-stripped and mechanical material to the

same quality. The good grain is weighed, moisture content measured, and the
weights converted to a standard moisture content.

It is important to examine the two samples and estimate as accurately as
possible (eg, by hand sorting of a representative subsample) the proportion of
useful quality grain. Note and record unfilled, immature, or green grains that
would be rejected during subsequent processing. Then the total of these plus
extraneous matter should be determined and the estimated total weight subtracted
respectively from the main threshed sample and the hand-stripped
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material. The good hand-stripped grain would normally be lost, and the loss is
the percentage ratio of this to the total good grain, hand-stripped plus
normally

threshed.

Losses due to scattering and spillage, which may occur with certain threshing
procedures, would be evaluated separately by recovering scattered or

spilled grain from known or controlled amounts of threshed grain or by weigh-ins
and weigh-outs if these are known or can be determined.

THRESHING LOSS 2: Damage to Grain

The method to be followed for estimating grain damage during threshing is
basically the same as that for any other processing stage: One must standardize
all other processing steps leading to the final product and do the threshing by
the normal (local) method and by an optimal method which will give maximum
yield of undamaged grain.

As with estimating loss with the straw (threshing loss 1 above), the estimator
selects random bundles of cut grain. These are randomly divided into two lots
of approximately equal weight. The methodology consists essentially of

weighing initially and at the end to compare the traditional (or any other
processing procedure) with a processing procedure that gives 100% recovery.

Lot 1 is threshed in the manner under evaluation. This may include a final
hand-stripping, depending on local custom. The threshed grain, including dry
hand-stripped, is bulked.

Lot 2 is hand-stripped carefully and bulked. (Note: Subsamples of each lot

may be taken if laboratory equipment is available.) The separate samples are
processed carefully to avoid loss or damage through the locally used processing
system (cleaning, parboiling, drying, or milling) if this is a batch system in
which the samples can retain their identity. The products are then analyzed for

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM 112/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS

broken grains and damaged grains. This is especially important for rice, which
is desired as a whole grain, and grains such as red sorghum which undergo a
two-stage grinding system wherein bran or husk is first removed from the

whole grain before grinding.

If local labor is available, separation of whole from broken grain may be
performed by the local method (eg, hand-winnowing): The out-turn of whole
grain is calculated and the results for threshing (by one or more local methods)
compared with those for hand-stripping.

If the identity of the samples would be lost by processing through the local
system (large dryers or large continuous mills), then subsamples should be
taken and processed in the laboratory.

MAIZE SHELLING LOSS: Loss on Cob or Core

The method used is basically the same as for threshing: Random samples of

cobs are taken and the grain is shelled by the method under test. All the grain
is

collected and weighed and a sample taken (sample 1). The grains left on the
spent cobs are hand-stripped and weighed and a sample taken (sample 2).
Moisture content of the two samples of grain is measured with a moisture

meter and, if necessary, an adjustment made to the weights. The percentage
ratio of the hand-stripped grains to the total is the percent loss. The two
portions of grain must be kept separate for the next loss assessment, grain
damage.

Losses of insect-damaged, mold-damaged, or stored grain may be different

from the losses without such added factors. It is therefore necessary to define
the situations being measured and the condition of the grain. For example,
losses during the shelling of maize may actually be due to the release of frass
(insect chewings, excreta, cast skins, insects and insect fragments) at the time
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of the shelling process, or the intentional removal of weevils or musty grains
(see next section).

MAIZE SHELLING: Grain Damage

Many mechanical and hand shellers cause damage to the maize kernels

which can result in a loss of food.

Shelled grain from the previous loss assessment, but not the hand-stripped
material, is sampled and a representative subsample of at least 200 grains
obtained. These grains are examined visually for cracks and scratches, and the
number of damaged grains counted and the total expressed as a percentage. It
is important not to count insect-damaged, mildewed, or shrivelled grains, only
damage caused by the sheller. To check this, a parallel sample of cobs should
be carefully stripped by hand and at least 200 grain samples also examined. An
example of the use of these methods is given in Fig. 7.

pgl7x70.gif (600x600)
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*“*Carefully’” means dried in a [aboratory dryer with forced air convection at 1.5° to 2°C above ambient air so
as to bring the samples to an equilibrium moisture constant (ie, about 14%) in not less than 36 hr.

Maize Shelling--Loss on Cob and Damage Assessment

Assessor 's name Date compleced

Wo. of cobs sampled

Variety Source

(1) Shelling: Operator's name(s)

Moisture content (by meter): 12,5%
hence weight grain converted to 15% moisture content

100 - 12.5

Total welght of grain shelled: 5.25 kg

hence weight hand-stripped grain, 15% moisture content

100 - 12,0
750 x 100 - 15.0 ~ 2.776 kg

Hence loss on cob is 0.776
5.404

x 100 = 14.3%

(3) Damage: Operator's name(s)

5.250 x Jop—1s5 = 5-40 ks
{2) Hand-stripping: Operator's name(s)
Total wedght of grain stripped: 0.750 kg
Modlsture content (by meter): 12.0%

Teotal grains sampled at (1): 200
MNumber of grains with insect, mold damage 25
Number of grains with sheller damage 2
Sheller damage: 2 _ 1%

200

Figure 7

DRYING LOSS ASSESSMENT: Loss by Damage
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In this section the grain under consideration will be raw paddy rice, though

the methodology can be applied in principle if not in detail to other grains and
to parboiled paddy. The method is based on that used by a TPI team in

Malaysia and was used to compare three drying methods: 1) yard (sun), 2)

batch (Lister), and 3) continuous.

1. Yard (Sun) Drying.

The method for dryer-induced losses based on a laboratory milling operation
may be performed in a mill yard, on the highway, or in the farmyard.

(a) Method for Use in a Rice Milling Laboratory on Small Samples

As the bags of one variety of paddy arrive at the yard, they are sampled (see
Chapter IV) and blended. The composite or bulked sample (of about 1 to 1.5

kg) is then dried carefully. ((4)"Carefully" means dried in a laboratory

dryer with forced air convection

at 1.5[degrees] to 2[degrees]C above ambient air so as to bring the samples to
an equilibrium moisture constant (ie, about 14%) in not less than 36 hr.)
Meanwhile the paddy will be dried in the usual way

and, when dry, rebagged for storage prior to milling; a further sample of
about 1 to 1.5 kg is then taken. The two samples (before and after drying) are
placed in cloth bags and, as soon as possible after sampling, are dried
carefully4

down to approximately the same level of moisture. A small flatbed dryer

with a flow of air only slightly (l1.5[degrees]C) above ambient is suitable.
Drying to

around 14% moisture content should take 6 to 12 hr. After a further three to
five days to equilibrate (stabilize), the samples are checked for the exact
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moisture

content and milled.

The best procedure is to use a standard laboratory mill (huller plus cone).
Each process should be done in a standard way and in accordance with
manufacturer's instructions. The rice will be separated from husk and bran in
the laboratory mill. Whole and broken grain proportions are then measured by
separating on a hand trier (indented tray) or a small rotary trier (indented
cylinder) and weighing.

(b) Method for Use in Mills

If a laboratory mill for small samples is not available or if the data are
required for mill use, the following procedures can be used: Large samples (1
to 2 kg) are taken from representative bags being emptied onto the drying

yard, so that the total bulked sample weighs at least 25 kg. This sample is then
dried carefully(4) in a small batch dryer (as above). A sizable sample of the
dried

paddy from the yard is also obtained and the two samples dried and equilibrated
as for small samples. If parboiling is customary, it should now be

performed in a standard manner, suitable to the variety and district. The
samples are then milled in a small commercial mill of local type (Engleberg,
cone, "modern" )and the total product collected. Many small mills that operate
on a toll basis are suitable for this purpose. The product is separated into
whole and broken grains. If possible this should be done on a separator (some
small mills have these and will provide the product fractions already
separated) .

Alternatively, local labor may hand-winnow to separate. The fractions

are weighed and the out-turn of whole grain calculated as before (a).
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Note: While it may be inconvenient to deal with large samples, use of a
commercial rather than laboratory milling system ensures that the results are
directly applicable to the local situation.

2. Batch Dryer.

Samples are taken from at least four places near the top and four near the
bottom of the drying bin with good distribution across the bin area. Samples
must be taken as the paddy is entering the bin (6 to 12 in. from the bottom) and
just before the bin is fully charged.

Samples are taken from approximately the same sites as the bin is emptied.

Each sample is kept separate in a cloth bag and is not blended with the other
samples. There will thus be at least eight samples before and eight after drying
for each batch. The samples are dried uniformly and carefully(4) on a laboratory
dryer as for (a) above, stabilized three to five days, milled on a laboratory
mill

as in (a) above, and the results tabulated. It is important to compare drying
damage on samples from each part of the bin; that at the bottom is frequently
overdried and that at the top is frequently re-wetted by transfer of moisture
from below, with consequent high breakage during subsequent milling.

The mean figures for brokens for input and for the batch-dried paddy

indicate the average damage caused by the drying process. As a guide to
maloperation, the differences between brokens obtained from samples of

dried paddy from different parts of the bin are important; the mean figures for
a whole dryer are not.

3. Continuous Dryer.

With a continuous dryer, sampling of input and output is performed periodically.
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Samples (1 kg) (5) should be taken every 15 min over a period of at least

1.5 hr. Larger dryer output may require larger samples. If input is varying,
sample the same grain in and out of the dryer. ((5)Appropriately larger
samples must be taken if a small commercial-type mill rather than a
laboratory unit is to be used, ie, sample size must be matched to test
equipment.)

As with batch dryers, it is better if the samples are kept separate. Samples in
cloth bags are placed, as soon as possible, in the laboratory dryer (see 1l.a).
When dried to 14-16% moisture, the samples are kept for three to five days
before laboratory milling. The proportion of broken grains should be constant
if the wet paddy is of constant quality and the dryer is running consistently;
the

difference between the mean figures for input and output samples gives a
measure of the damage caused during drying.

GRINDING LOSS AS BRAN: Comparative Assessment by Weight

Grains such as wheat, maize, and sorghum may be ground in stone mills, in
mortars, or in steel plate or steel roller mills. If the objective is not only
to

provide a flour or meal but to remove bran, the optimum milling will remove
all the bran and leave all the endosperm (inner part) of the grain as flour. The
separation of bran from flour is usually done periodically during the grinding;
sieves of cloth are frequently used. Winnowing (air classification or
purification)

may also be used. The bran and other offals will usually be used for

animal feed. The problem in assessing the yield of desired product (flour) is
that of comparative weighing of various mill fractions over measured time
periods. Quality of flour (eg, amount of bran) also may be a factor.
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Standard procedures have been evolved for milling wheat on an experimental

mill, but this equipment is extremely expensive and of little use for other
grains. The methods proposed below may be used to compare the yields of
acceptable flour derived from different varieties of the grain or to compare the
performance of different operators, and to obtain information on other factors.

1. Comparative Measurement of Milling Yield by Variety

The method selected for milling must be that which is used locally. The
ultimate test is milling yield; whatever losses occur must be measured by a
standardized procedure.

A number of different operators (eg, women if they are the traditional
operators) are required, each with a mill (querns or hand-cranked plate-mills)
of the same type and size.

A portion (about 5 kg) of each variety is given to each operator. Each

sample is then milled by sieving or winnowing the product to obtain a flour or
meal considered by the operator to be of the usual standard desired in the
community. The total weights of grain, flour, and bran are weighed, samples
are taken in sealed bottles for laboratory moisture content measurement by
oven-drying; and the weights are converted to 15% moisture content basis (or
dry weight basis).

Weight flour (15%)
= extraction rate (milling yield).
Weight grain (15%)

The average of the milling yield for any given variety obtained from different
operators is calculated. Provided that the operator yields for each variety
are similar, the method will give an indication of practically attainable
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milling
yield. This same procedure can be run on a commercial mill.

2. Comparison of Operators

With the above procedure (1), a series of milling yields is obtained for a
given variety of the grain for a number of operators. If the products obtained
were all acceptable to users, the operator attaining the highest yield can be
employed to improve the communities' out-turns of edible flour or meal.

3. Comparison of Mills

The procedure of (1) is followed with any one variety to compare the milling
yields (extraction rates) for a series of mills.

4. Insect Damage

A constant volume of each grain sample is weighed and milled by a standard
milling process and input-to-output of food and nonfood product measured.
Insect-damaged grain will give a lower yield of flour than undamaged grain.

RICE MILLING LOSSES

There are many different milling systems in use, but these may be classified

as being either one- or two-stage, and either batch or continuous. In the first,
the hulling and polishing are carried out in one machine; in the second,
separately.

One-Stage Batch Processing (eg, Engleberg Type Huller)
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The bag of dried paddy to be processed is sampled and the sample of about

0.5 kg placed in a sealed bottle or plastic bag. The bag of grain is weighed and
the moisture content of the grain measured. The paddy is then processed

through the huller and the product collected in the customary way. A
representative

sample of the product is taken. Subsamples (100 g) of the input paddy

are then milled on a laboratory mill. The product is separated into husk, bran,
and polished rice, and the rice is separated on a hand trier (indented tray) or
a

small rotary trier (indented cylinder) into wholes, halves, and points. The
sample of mill product is separated likewise. The relative proportions of whole
grains and total grain are compared; the efficiency of the commercial mill can
then be related to that of the optimal laboratory mill and the relative loss
calculated.

One-Stage Continuous Processing

As the paddy flows from the hopper or storage bin into the hopper of the
huller, a sample (about 100 g) is taken every minute for 10 min. A sample of
the product flowing from the output side of the huller is sampled, again a
sample of 100 g is taken every minute, beginning about 0.5 min after the first
input sample has been taken. The two bulked samples (labeled "in" and

"out") are taken to a laboratory and there analyzed by the same procedure as
for the batch process.

Two-Stage Continuous Processing

As typical of this system, the "modern" rice mill consists of rubber roll
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shellers and a series of cone polishers with, perhaps, a finishing brush
polisher.

Separations are carried out at each stage and after each polishing (usually at
least two, frequently four). Skilled operators judge visually the product
quality

at each stage and also the effectiveness of the separation of product from
by-product. Quantitative estimates of machine effectiveness may be measured
by sampling on the input and output sides of any machine or battery of
machines, processing the input sample by a standard optimized laboratory
method, and comparing products for yield (out-turn) and quality (percent of
whole grain).

Hulling (suggested basis for a method)

Many mills have two hullers in parallel and some will have a '"return huller"
for the 10% or so of paddy unhulled in the first pass. It will not be possible
to

sample the whole product of the huller system, as the material passing back to
the return huller has already been through the first huller unit and has been
separated from brown rice and husk. Samples must therefore be taken at the
entry and exit to each individual machine; if the mill possesses three hullers,
each must be sampled separately.

Representative samples (250 g) are taken from the flow of paddy to the

huller on a regular basis (eg, every minute), and from the product as it flows
to

the first separator (likewise every minute) for about 10 min. It is important to
obtain a truly representative sample of product; once it has reached the chute
leading down to the separator some separation can occur. If possible, the
sample should be taken immediately below the rolls.
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The well-mixed samples are subsampled for triplicate laboratory testing; the
paddy is milled in a laboratory sheller.

The products from the plant and laboratory mills are then examined
quantitatively.

The ratio of weights of total brown rice gives a measure of the

effectiveness of the hulling attained in the plant compared to that in the
laboratory. More important is the comparison of the ratio of weights of broken
to total grains of brown rice. If the plant huller is giving a higher proportion
of broken grains, then wear or a wrong setting on the rollers should be
suspected.

Polishing (whitening)

Whether one is endeavoring to measure losses over the whole polishing

system or for each machine, the method to be used will be the same: As with
other unit operations, samples are taken of the feed to a machine or series of
machines and of the product therefrom. The sample of brown rice should be
milled carefully in the laboratory to the same degree of milling as that of the
machine(s) in the mill. The out-turns of whole grain are measured and compared
and the loss in the mill assessed.

Note: Whether it is, in fact, possible to set up such a loss evaluation system
remains to be seen. The principal difficulty lies in using a laboratory polisher
in one pass to give the same degree of milling as the battery of polishers in
the

plant and yet also give minimum breakage.

VI. STANDARD MEASUREMENT
TECHNIQUES

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM 124/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS

A. Preamble to the Methodology
K. L. Harris and C. J. Lindblad
Definitions ((6) See also Chapter II, Section A.)

There is a need to define certain terms and concepts before proceeding to the
working methodology.

Losses

This effort deals with removal of food grains from the direct human food

chain which, especially in developing countries, is the fundamental energy
(calorie) basis of the human diet. The rice weevil consumes rice when living in
the kernel. If the kernel is weighed before and after it is bored, it will have
lost

weight. If the larva or adult is still present when the kernel is eaten, less
weight

is lost. No consideration is given to a proportional change, if any, in protein
accompanying the feeding. The relevance of the insect presence depends on its
fate. If it is cleaned out it is loss; if it remains as food, it is weighed as
food.

Whether insects are eaten or whether the frass is sifted out or falls from
bagged

grain is sometimes fortuitous, sometimes purposeful. It varies with the season,
with the culture, with hunger, or plenty. While the decision to eat may be more
socioeconomic than scientific, use or nonuse as food in the specific situation
is

file:///H:/vita/GRAINLOS/EN/GRAINLOS.HTM 125/293



18/10/2011 <b> POSTHARVEST GRAIN LOSS
the controlling factor in these procedures.

Pilferage

In this manual pilferage is not considered to be a loss. It is a transfer of
ownership as is spillage when it is used as sweepings in lieu of, or in addition
to, wages.

Fungal Damage

It is anticipated that the quantification of weight loss when the loss is due to
fungal damage will depend on local practices in the use of the damaged material.
People accept or reject damaged kernels as local custom and hunger

dictate. One purpose of this manual is to set forth standardized procedures so
that measurements in one country can be compared with measurements made
elsewhere. Therefore, in each situation acceptance-rejection limits should be
defined in terms of a widely used language. Despite such difficulty, judgment
limits based on information obtained from interviews must be quantified.

Processing Losses

Grain removed from the direct human food chain is a loss. Thus milling
losses that become animal feed would appear as a loss although reentering
down the pipeline with a reduced calorie and, perhaps, improved nutrition
input. This "feed" as against "food" use needs to be recognized and

described in any situation where it is a factor.

Postharvest
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This manual generally accepts Bourne's (l) definition of postharvest as the
point at which grain, separated from the plant stalks or root, is bundled for
field drying or placed in a container in which it is moved or held, or both. It
can extend earlier, however, to include the time during which the mature crop
is held in the field for storage or drying.

Household

This manual does not cover losses in food after it reaches the point where it
is being prepared for cooking or for direct consumption, even though there

can be serious losses in the hands of the ultimate user. In the United States,
for

example, this may be the most important site. However, estimates and prevention
of these losses are so dominated by cultural habits and preferences that
in-depth anthropological inputs are required which are not usually within

grain loss reduction biology-technology.

Separation From Other Factors

This report anticipates that grain losses will be considered in isolation from
other food-availability factors in the areas studied. It is proposed that there
is

no present need for guidelines that include such sophisticated concepts as how
the availability of fish and meat influences the losses, and need to control
losses, in staple grains.

Rapid Laboratory-type Procedures

None of the shortcut tests such as presence of numbers of adult insects,
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amount of frass, or insect emergence holes are sufficiently accurate when used
alone for anything more than loose approximations. "Loss" should be a
measurement

of actual grain Substance removed from the food chain. Techniques

for basic statistical concepts are covered in a separate section.

How to quantify losses has been the subject of detailed investigations by the
Tropical Stored Products Centre, England, and has been assessed by the

Group for Assistance on Systems Relating to Grain After Harvest. ((7)The
acronym GASGA now stands for Group for Assistance on Storage of Grain After
Harvest.) Papers

listed in the Bibliography at the end of this section give a definitive
appraisal of

these losses. From these review papers, from the original published material,
from discussions with acknowledged experts, and from first-hand field and
laboratory experience come the following conclusions on techniques for
measuring losses:

All of the U.S. Food and Drug Administration-generated procedures are too
time-consuming, require a laboratory setting, require difficult-to-standardize
judgments, are on too small a sample size, or have too variable a relation to
grain weight loss to warrant use in determining grain losses. These are the exit
hole test, acid fuchsin egg-plug test, berberine sulfate fluorescent stain egg
plug test, gelatinzation with sodium hydroxide, and examination for internal
insects. Radiographic (X-ray) examinations require expensive laboratory-based
apparatus, and are time-consuming and difficult to standardize. The
Ashman-Simon Infestation Detector has similar liabilities.

Examinations for insects on the surface of the grain, weighing insect frass
(dust from insect chewings and excrement), and various procedures to visually
detect damaged grains and count and/or weigh them have been given field

trials in developing countries. There is a positive correlation between damage,
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insects, and frass with some loss quantifications possible and the 1970 IBRD
report suggests their use in making rapid assessments.

Some confusion exists concerning the application of these procedures in
quantifying actual losses. Their use in actual test situations and positive
correlations

to weight losses have been taken by some to indicate a practical degree

of precision to routinely determine weight losses. Such is not the case. They
cannot be so used unless the biological and physical characteristics of each
assessment situation are completely understood. If lots of grain have the same
histories, then their frass-to-loss relations will be similar and may be used to
survey them all on a comparative basis. However, if some have been moved

(and frass is lost), or some have lesser grain borers (produce much frass), or
some have weevils that make exit holes and some have moths that hold their
frass in webbing, or the surface insects have been removed from some lots and
not others, then any standardization between lots, regions, grains, and
countries

becomes a new scientific investigation, not subject to rapid comparisons.
However, all of these procedures are of value in a rapid wvisual and discussion
appraisal of a situation to come to a personal judgment. Their precision

as indicators of actual losses depends on the expertise of the user. This is
discussed in Chapter 11, Section D.

Rapid Judgment-Based Procedures]
"Guesstimates"
As these estimates with some facts by knowledgeable persons have discovered

immediate and urgent needs that could not be met in any other way, they
have served many purposes. However, as they have been simple guesses or
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preconceived opinions for special purposes, they have no validity as determiners
of losses. True guesstimates have a valid role in reaching rapid judgments

that may suffice for some purposes or precede more accurate evaluations.

Biased Estimates

Although not germane to the present effort, the practical effect of many of

the biased figures should not be underestimated. Many have been used to draw
forth budgetary support for grain storage and marketing research, build storage
structures of sometimes useful value, draw international attention to

sometimes real and sometimes imaginary needs, and build local and national
stockpiles that have both fed people and wasted grain to the ravages of
biological

and physical factors.

Traditional Local Estimates

These are especially useful in getting one's bearings on local situations.
Interviews should not be passed over lightly. They need to be done with care,
as discussed elsewhere in this manual, assessing the point of view and biases of
the giver of information, what the figures are based on, and local meanings of
such basic terms as "loss" and "percent."

When reinforced by on-site observations or measurements, such estimates

may be especially useful in obtaining a picture of local conditions,
extrapolating

to larger areas, and seeking out specific examples and situations. There are
times when local people can make quite accurate comparisons between conditions
found in grain as it goes into and is taken out of storage and on actual
wastage to insects, birds, and rodents.
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On-Site Expert Judgments

While this type of rapid appraisal can be used only by experts to assess
percentage or weight losses, its use should not be underestimated.

In making such judgments, one needs to consider how local conditions

affect the physical and biological potential for losses. For example, transport
in damaged bags or makeshift wagons with visible spillage indicates an obvious
loss situation.

Dry conditions spell trouble for insects. At 12% moisture or less, grain
insects have a more difficult time feeding and reproducing. By 10% there are
serious living problems, and if there is evidence of an arid 6 or 8%, then grain
losses to insects are minimal.

Absence of visible insects or damage after six or eight weeks of storage is a
good indication that there will be few insects for the next few months also.
The habits of many rodents are well known. Whether stores are open or

closed to them, and whether harborages or needed water are available can be
readily ascertained.

Losses to rats can be predicted from the nature of the local ecological
system. The problem may be more difficult with mice and other small rodents.
Short-term storage, good sound bagging, well-constructed transport vehicles,
strict weigh-in/weigh-out control with accompanying records, the use of
insect, rodent, bird, and fungal control procedures, and low temperatures all
point to minimal losses. Low or high temperature can be of overriding
importance.

Rice harvested in September in temperate climates may go into natural

cold storage before insects make even a minimal start. Grain held under metal
roofs or in bags in the sun at over 55[degrees]C will have no active insect
losses.
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On the other hand, while high moisture, active insect, rodent, and bird
depredations, and visible mold or heating from microorganisms clearly indicates
trouble and potentially heavy losses, the extent of the losses is determined
with difficulty by even an expert.

Production and Consumption Figures

Production and consumption figures have often been suggested as a means

of assessing losses, the difference between what is produced and what is
consumed

being loss. Unfortunately, accurate figures at either end of the system

are available only in the most sophisticated and developed situations, and the
approach is of small practical value in many developing nations and local
developing-country locations.

Standardization
Moisture

Changes in volume and weight due to moisture need to be explained. Grain
harvested at 21% moisture dried to 15% by mechanical means or aeration has

lost weight but not food wvalue.

Measurement of moisture changes requires the use of meters or drying

ovens. Weight changes need to be determined by sensitive devices. Use of
moisture meters and scales or balances requires such devices and a degree of
expertise in their use that may necessitate some basic training. Moisture meters
are discussed in Appendix C.
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Accuracy

Overall statistical concepts are presented in Chapter IV. It seems reasonably
safe to anticipate that 75% confidence limits of [+ or -] 5% would, for the
present,

be as much, or perhaps more, than can be generally expected. However, as yet,
there is no fixed gauge as to what constitutes reasonable accuracy. The amount
of method variation that may be expected to occur in different commodities,
ecological zones, parts of the harvest-to-consumer pipeline, and types of damage
by different individual or mixed types of losses are subjects that require
clarification in and before any survey appraisal. The first field appraisal
should bear these and other factors in mind, particularly as the desired
confidence

limits influence the duration and expense of the assessment.
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CHAPTER VI
B. Losses Caused by Insects, Mites, and Microorganisms
J. M. Adams and G. G. M. Schulten

Insects are a major cause of postharvest grain losses. By boring within the
kernels and feeding on the surfaces, they remove food, selectively consume
nutritive components, encourage higher moisture in the grain, and promote

the development of microorganisms.

Methods for detection of internal insects have been summarized earlier in

this chapter. Methods given in this section are for determination of losses to
the grain itself and are of three types:

1. Determination of the weight of a measured volume of grain (see Methods

A and Bl). In this case the loss in weight in samples taken over a known time
period is a reflection of losses caused by insects or microorganisms, or other
factors. Judgment as to cause of the loss is a second and necessary step in the
process.

2. Separation of damaged and sound kernels and determination of their
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comparative weights calculated in terms of the whole sample (see Method B2).

(In both 1 and 2 above, it is usually necessary to obtain a baseline sample of
the condition of the grain at the beginning of the test period or to conduct
tests

to estimate the baseline condition in order to determine the real losses at that
point in the pipeline.

3. Determination of the percentage insect-damaged grain and its conversion

into a weight loss using a multiplication factor (see Method B3). 