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ABSTRACT :

This handbook for Peace Corps agricultural
programmers, trainers, and volunteers is designed to aid them in
identifying storage problems and dev151ng solutions to them. Part 1
covers grain storage pro;ect programming. Information provided for
the volunteers involved 1in grain storage projects includes project
goals and objectives as well -as methods to assess local government
interest and to 1nvestlgate local storate conditions. Development of
a strategy for volunteer invclvement in .postharvest project
activities is discussed. The determination of program support needs
and integration of storage Rfo;ect activities with rural develcpment
efforts are also considered. Local and international programming and
training resources are suggested Part .2 includes 11 training subject
areas for use in storage program training sessions or in volunteer
self~instruction. They are: grain and grain storage in the world food
supply, movement of grain from harvest to consumer, physical
properties of grain, moisture and its measurement, factors that
threaten good preservation of grain, grain drying, insects and
control, rodents and control, recognition of storage problems, design
and field testing of improved storage technologies, and extension of

. improved storage technologies. For each area this information is
provided: major subject areas, training objectives, suggested
resources, suggested tralmxng exercises, and informative material. A
project report is appended (YLB}
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INFORMATION QQUIECTICH & EXCHANGE

Peace Qorps’ Information (ollection & Exchange (ICE) was
established so that the strategies and technologies devel-
oped by Peace Corps Volunteers, their co-workers, and their
counterparts could be made available to the wide range of

. ‘development organizations and individual workers who might
find them useful. Training guides, curricula, lesscn plans,
project reports, manuals and other Peace Corps-generated
materials developed in the field are collected and reviewed.
Same are reprinted "as is"; others provide a source of field
based information for the production of manuals or for re-
search in particular program areas. Materials that you sub-
mit to the Information Collection & Exchange thus become
part of the Peace Corps” larger contribution to development.

~ Information about ICE publications and services ig available
through:-

Peace Qorps

Information (nllection & Exchange

Office jof Programming & Training Coordination
806 Oonnecticut Avenve, N.W.

Washington, D.C. 20525

(202) 254-7386 :

N4 %

2dd your experience to the ICE Resource Center. Send ma-
terials that you've prepared so that we can share them
with others working in the development field. Your tech-
nical insights serve as the basis for the generation of
ICE manuals, reprints and resource packets, and also '
ensure that ICE is providing the most updated, innovative v
problem-solving technicues and information available to ' '
you and your fellow develomment workers.

Peace Cor DS
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Objectives of This Handbeok

Traditional farming methods are based on centuries of
experience and trial and error. Traditipnal farmers generally
make effective, if not ingenious, use of the resources zvailable
to them in storing their grain. There are widaly varied methods
of grain storage at the subsistence and traditional farm level.
Some methods are more successful than others, with relatively
high losses in scme areas and relatively low lomses in others.

This Handbook is designed to aid Volunteers in identifying
storage problems and devising solutions to them. Often, the
improvement of traditicnal storage methods will entail the
introduction of new or non-local materials, along with new
methods and concepts for their use. This introduction of new
resources, concepts and behaviors requires not only technical
campetence, but also cultural awareness and sensitivity to the
needs, attitudes and priorities of the fagmer.

The approach of this Handbook to“technological innovation is
based on the concept of Appropriate Technology, favoring tech-
nologies based on the local needs and resources of the farpmer.
This approach will generally be based on innovations which are
inexpensive and labor intensive and which favor an improvement
rather than replacement of the technology presently in use.
Thus, the introduction of non-local or imported materials should
be kept at a minimum. There will be circumstances in which sig-
nificant departures from tradicional storage methods will' offex .
the best practical avenue for improvement of storage conditions.
However, this can only be determined after other, less complex,
radical, or costly alternatives have been found impractical.
~ The emphasis for all innovations should be on simplicity, practi-
cality, and local resources.

This Handbook is designed for use by Peace Corps agriculturzl
programmers, trainers, and Volunteers. It provides guidance and
. technical resources for:

o Identifying farm~level storage projects as primary
and secondary Volunteer activities.

o Defining project goals and objectives.
o Defining the Volunteer Job.

0 Defining needs for pre- and in-service training
and Volunteer self-instrudtion. .

) Planﬁing and conducting training sessions.

'/
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o Locating technical resource organizations to aid
in the support of storage project planning, program-
ming and training, and ongoing activities..

Because there are significant variations from country to
country and even within countries in agricultural, economic,
political, climatic, and cultural factors as well as in the
level of Volunteer skills, general guidelines and information
in this Handbook will require local adaptation.

Because there is considerable overlap in the technical mate-
rials required for programming and training of grain storage-
projects, there are references in sections of the Handbook to
other sections as well as references to the Peace Corps/VITA
Small Farmm CGrain S$torage Manual and other supplementary techniecal
resources. The technical materials presented in this Handbook,
when used in conjunction with the aforementioned manual and
Handling and Storage of Food  Grains in Tropical and Subtropical.
"Areas are sufflmently complete for the needs of Peace Corps
programming and training. The use of local expertise will
certainly improve quality of technical information and expertise
to support Volunteer training and activities.

This Handbook is specifically designed for use in program-
ming and training generalist Volunteers. Generalist Volunteers
have effectively worked in the area of small farm grain storage
in several countries and have been instrumental both in develop-
ing and popularizing improved storage nethods at the farm level
and in building local government interest and commitment to this
area of agricultural development. That is not to'sa{ that gen-
eralists are the oiily Volunteers recommended for grain storage
projects. But they are certainly capable of working in this
area if they are programmed into projects for which they have
been trained in appropriate skills and in which they are pro-
vided with technical supervision. The quality and competence
of generalist Volunteer development activities depends directly
on the quality and competence of the training and technical

suggort

Knowledge of and the use of all available technical resources
are critical to the success of Volunteer activities, particularly
~in the case of generalist Vplunteers. Peotential sources of tech-
nical expertise and inform;tion available through worldwide
organizations are listed in Section G, Local and International
Programming and Training Resources. These are valuakble resources
of which Volunteers, trainers,. and programmers are strongly
encouraged to take full jdvantage.
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A. Grein Storage Sreject Gosis and Objectives

Grain storage program conception and objectives will vary
fram country to country and within each country according to
such criteria as the storage needs and problems encountered, the
type of local technical support available, whether the project
is a part- or full-time Volunteer activity, and so forth. How-
ever, there are basic objectives which .will be present in every

grain storage program.
Essentially Volunteers will praomote storage’methods which:
o Preserve the quantity of the harvest.

© Maintain its quality (food value).

o Result in the highest possible séle value for
whatever grain is sold cr traded.

Each of these objectives is compatible with the others, requiring
the same kind of precautions on the part of the farmer. The
farmer's ability and desire to pursue the three objectives will
depend on a varjiety of factors including cultural influences,
labor and casthesources available to allocate to storage, the
climatic hospitality of the storage environment, and access to
local resourcei such as insecticides, market transport, market

price informatjon, and the like.

The single most common activity of Volunteers in any type
of storage project will be in the application and instruction of
basic storage principles. Every training effort should include
the following basic subject areas:

o Maintenance of storage hygiene.
o Control of grain moisture.

o Specific control of gfain pests, i.e., inseéts,
rodents and birds.

Volunteers involved in grain storage projects may work with
individual farmers or farm cooperatives, family members responsgi-
ble for storing grain, rural school students, extension agents,
etc. The same basic storage principles and storage obiectives
will be common to whatever level of involvement Volunteers may
pursue. '




B. Asuessing Locsl Interest in Postharvass Mathede Wnprovement

Volunteer involvement in postharvest grain storage projects
will often depend on the level of government interest and commit-
ment to this area of development. It has not often been recognized
that postharvest problems are within the realm of the agricultural
extension service or that reducing postharvest losses is a poten-
tial solution to the problem of increasing the food supply. 1In
countries where postharvest concerns are not a high priority, the
first task may be to alert government officials to their im--:o-
tance. Lack of interest should not necessarily be assumed to be

an accurate indicator of the local 1mpOrtance of grain storage
problems.

Some initial areas of investigation to determine government
interest include:

(1) Is there a government organization or office specifically
devoted to postharvest research or extension? This role has
recently been undertaken by plant protection offices in many
agricultural ministries whose principal interests are with pre-
harvest concerns such as in-field plant diseases and in-field
bird, rodent, and insect.infestations.

(2) Has the government made any efforts in postharvesi grain
loss reduction through educational programs for insecticide use,
storage loss assessment, or improved drying or storage design
research? , .

(3) what is the comparative inportance of local development
efforts in postharvest versus production areas? f{e.g., in terms
of budget, tralning, personnel, research, etc.)

(4) What training do extension agents receive in grain storage
principles, improved dry:ng and storage methods, and insecticide
use? _ , :

\ {5} Do civil servants in agricultural extension or research
believe that improved grain storage would increase the food sup-
ply? Do they feel that” storage losses are significant? What do
they think can or should be done about the problems?

(6) Is there an annual grain market price fluctuation,
notably with high market prices occurring just before each new
harvest? How does this affect farmer's storage practices?

(7} Do farmers think: that they lose a lot of grain during i

storage, arying, or transport? Have they tried differsnt VYO
to reduce the losses? Do they know of ways to reduce the losz:z?

11




C. investigating Local Storage Canditions

The programmlng of Peace Corps Volunteers into primaxry or
secondary grain storage activities will require some pricr
investigation into the nature of local astorage practices and
problems. This activity can rely in part on the expariences
and opinions of rural -development Volunteers slready in the
field. However, some time needs to be spent in field investi-
gations in order to gain an understanding of the specific prob-

, lems Volunteers might address and the activities in which they
- could be involved.

Full-time (as opposed to part-time) storage programs will.
require much more investigation and might justify a special
programming mission. ' Appendix A is a izport of a recent pro-
gramming mission for Peace Corps/Costa Rica. This may serve
as a model for program development where there is not similar
local expertise available for program investigation and planning.

In circumstances where Volunteers are to be trained in a
variety of rural development areas, much of the actual program
development will be done by the individual Volunteers once they
arrive on site. The following list of gquestions will be helpful -
in orienting the programmer, trainer, and Volunteer in identify-
ing what potential there is for change or improvement of local
postharvest practices. This 1jst is not™all-inclusive but could .
easily be adapted to a wide variety of climatic, cultural, and
agrzcultural conditions.

LOCAL POSTHARVEST CONDITIONS SU*VEY

(1) what are the méthods wf storage for the grains grown
in your area: are they stored oi the head cv cob, threshed,
or partially threshed; in mud or thatch bins, sacks, or clay
jars; near the home, or in the field; in permanent stores or
ones rebuilt each year? :

{2) Are there different gualities of gyain recognized/by th;\
farmers? Are they stored separately? 1Is the lowest quality
consumed first. or sold first, etc. .

(3) What are the drying, practices? How is the harvest date
determined? How do farmers 'know if their grain is dry enough to.
store? Are heads separated from the stalk at harvest, or dried

) on the stalk? Are they dried in the field or around the home?
Are any measures taken during drying to protect against rodents?
Birds? Insects? Do farmers think there are important losses

Py which occur between harvest and storage? 3If there are differ-
ences in local drying practices, how does a farmer chcose one
method as opposed to another° -

~




C. INVESTIGATING LOCAL STORAGE CONDITIONS contd.

{4} Are’ there differences between present drying and storags
“ractlces and older, traditional methods? What are they?
WHy do farmers thlnk the changes have come about?

{5) What losses, if any, are seen by the farmers and exten-~
sion agents as being important, e.g., rodents, birds, insects,

spillage or transport losses? If possible, rank as to impor-
tance for farmer, extension agent. What is your evaluation?

{6} what role do women have in harvesting, drying, and storing
grain? - Are there tasks performed by wamen which men are not per-
mitted to do, or vice versa? D¢ the women think there is a prob-
lem of grain loss and why? When, 3if at all, does the grain become
tho partial or sole responsibility 6f the women?

aT} What kind of protective measures do farmers use against
drying and storage” losses, such as mixing sand or .local plants -
with stored grain, smoking it above the cooking fire, re-drying,
ete. Are there any special efforts toc keep.rats or mice out
of the storage container? What about protection from theft?

{8) Do farmers know about modern insecticides for grain stor-
age, if and where they can be purchased, how much they cost? How
do they know which ingetticides to use on grain and the proPer
&osaqes’ pre package directiong followved?

_ (9) How do market prices vary.to acccmmodate differences in
grain gquality? Is grain measured by bulk measure or by weight?

{10) How many types of grain do farmers- store? Are they stored
separately? Why? Approximately how much was put in storage at
.harvest th1s vear? Last yaar?

(11} Do the farmers norma¥ly seil any of their grain? Or Go .
they buy and how much?l Is Jthere .a seasonal price variation?
Could anything be’ daae to €ake fullet advantage ‘of :the 'seasonal
nrice :*uc*uat\on ta'lncrease faiﬁeﬂx grai n sa&e profitsa .

12} Do farmaxg cver staf& thelr gralu together? ﬁxe there
age m; aoooeratxve-‘me&ds, sﬁorage O selling practices?

".’-;

SECL‘Uﬂ,n% Recmgnxz&ng Storage Droblems in, the erlu, gives
some idean for the'uge of ‘thig survey approach ané the kind of
congiusiong” wﬁldh wight’ b drawn to develop storage metheds to
ameliorate tba problems reveaieﬁ by the- survev‘;;'

..-a
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D.. '“M“mng a2 Stratagy for Voluntesr invslvement

There are four basic types of Volunteer postharvest projgect
activities regardless of whether the Volunteers are working ull-
or part-time in grain storage. .

1. pPre-extension investigation

. The Volunteer investigates farmers' storage and drying prac-
tices, the variations, innovations, apparent success and short-
. comings of each, and farmers' attitudes towaxd both postharwvest
' - losses and innovation. Investigation results will be used/to
plan storage improvements and extension programs.

2. Pre-extension improved storage method de91gn and ‘trial
demonstration _

Following the identification of popular storage methods and
their apparent advantages and disadvantmges, Volunteers begin to:
closely observe the present methods and compare them to perfor-
mance after a few simple improvements; assess the practicality .
of new or improved methods of drying and storage, e.g., solar
dryers, metal bins, improved cribs, insecticides, etc.

3. General extension

When a specific method of drying, storing, or processing has 7
- been identified as advantageous in terms of cost, practicality,
— and farmer acceptance, Volunteers plan and execute program exten-
K sion involving:

~ the development of materials such as posters, radio
spots, fair exhibits, farm-level storage demonstrations

-~ agricultural extensioﬁ agent training

- development of materials delivery networks, such as
materials transport organizations, insecticide ordering
~ and supply networks, and credit programs for grain bin
.= construction or grain purchase credit. !

4., Grain storage and marketing cooperatives

. a’
. .¥Where there is: potent1a1 for farmers' c¢ooperatives for storing

and marketing 1nd1v;dually or cooperatively- produced-grain; Velun~.— .. ...
teers assist in: ‘warehouse or bin construction, teaching proper

bulk storage methods, teaching cooperative members the operation

of the storage scheme and purchasing regulations, setting up

record keeping systems, and pramoting the formation of new storage
and/or marketing cooperatives.

i
..




D. DEVELCPING A STRATEGY FOR VOLUNTEER INVOLVEMENT contd.

This section includes job descriptions which give examples
of these four basic types of storage projects. The activities
in these different Project types could be carried on simulta~-
necusly, evolve during the Volunteer term or service, or evolve
over the course of several years, depending on the time available
for Volunteer involvement, the advancement of host country inter-
est, and the progress of the project.

E, "working Paper on the Volunteer Role in Grain Storage," pre-
sents a practical discussion of problem assessment, storage method
trial demonstration, financial considerations for program support,
and extension strategies., It provides useful ideas for the pro-
grammer, trainer, or Volunteer who is ‘develcping a postharvest
vroject.

Appendix A is the report of a recent grain storagé.pxogram;
ming mission for Peace Corps/Costa Rica, which may serve ag a
mcdel for similar programming missions elsewhere. ‘

The-Peace Corps/VITA Small Farm Grain Storage Manual, Appendix




D. DEVELOPING A STRATEGY FOR VOLUNTEER INVOLVEMENT contd.

JOB DESCRIPTION--PRE-EXTENSION INVESTIGATION

The Volunteer will:

1. .Survey storage practices of representative or typical local
farmers to determine storage and drying methods.

2. Maintain accurate records of all observations, following
the predetermined techniques and format.

3. Investigate the varjations in local storage and drying methods,

4. Identify areas of storage loss by interv1ew, observation, and
storage sampling.

5. Identify inszct pests and the levels of infestation.

6. Determine cultural influences and labor divisions in grain
storage and handling with particular note to the role of women.

7. Identify availability and cost of storage support materials

such as insecticides, cement, metal roofing, new and used sacks,
tar, etc.

. - . : . "-\.\
8. Determine average storage capacities and relative proportions
of grain for home consumption and marketing

9, Investigate market price fluctuations and. their influence on
grain storage and marketing decisions.

10. Identify farmers with interest to experiment with improved
storage methods. ~_p;, ’

11. plan potential improved storage design trials, comparing im=-
proved storage methods to local unimproved methods.

16 ;’




D. DEVELOPING A STRATEGY FOR VOLUNTEER INVOLVEMENT contd.

JOB DESCRIPTION--PRE-EXTENSIOR STORAGE METHOD DBSIGN AND TRIAL
DEMONSTRATION

The primary role of Volunteer is to gather quantifiable data o
on traditional and improved storage methods in order to identify
the most appropriate. The Volunteer will: ' »

1. Construct or select for observaticn five models of each :

method to be assessed, e.g., basket and above cooking-fire stor- .
age; sealed gourd storage, unimproved crib storage; unimproved

mud bin storage; crib with improved rat guard and insecticide “

treatment; and mortar-sealed mud bin storage

2. Seek out, read, and review available reports from regional
storage resea and extension projects to assure the use of the
most up-to-date information in the design and testing of local
storage methods.

3. Use knowledge of storage principles in the design of meroved
storage structures

4. Des;gn anid construct improved storage bins and dryers and
alter existing storage structures .

5. - Make regular, periodic observations of the level and type of .
insect infestation, the moisture content, and the general storage
quality including evidence of rodent entry and depredationm.

6. Draw samples from stérage'bins for anal&éis of typical stor-
age quality.

7. Teach and supervise the application of fumigant and contact
insecticides.

8. Discuss with farmers and extension agents their attitudes and
perceptions of the storage methods under observation, with particu-
lar emphasis on each method's feasibility, cost, practicality,
labor requirements, and performance. ‘

9. Keep accurate records of all observations and measureméents.




D. DEVELOPING A STRATEGY FOR VOLUNTEER INVOLVEMENT contd.

JOB DESCRIPTION--GRAIN STORAGE EXTENSION \
The Volunteer will:

1. Meet with farmers on an individual and group basis to discues
the possibility of improved storage methods. -

2. Teach extension workers and farmers the basic principles of
storage, i.e., moisture and pest control and sanitation.

3. Assist farmers in the construction of new bins or dryers or
the adaptation of existing storage structures.

4. Select farmers to operate model sites.

, 5. Organize farmers' visits to ﬁodel storage sites.

6. Closely monitor model sites to assure proper use a d mainte-
nance of storage guality.

7. Develop visual aids and demonstration techniques in local
language for use in schools; develop radio spots also in the

local language. ;

8. Develop simple posters to explain proper use of insecticides,
weed control around bins, use of rat guards,'etck

' !
‘9. Give presentations to local school classes in basic storage

principles and explain potential impr0vements over traditional
storage methods. .

10. Assist in the'seieCtion of farmer recipients for storage
construction credit funds.




D. . DEVELOPING A STRATEGY FOR VOLUNTEER INVOLVEMENT contd.

JOB DESCRIPTION--FARMER COOPERATIVE STORAGE AND MARKETING
The Volunteer will:

1. 1Identify existing farmer cooperatives with an interest in
and sufficient capital to construct and maintain a storage
- warehouse.

2. Explain criteria for government or other grain buying credit.

3. Assist in the procurement and organization of transport of
necessar; construction materjals and storage supplies such as
metal roofing, cement, gravel, reinforcing rod,. moisture meter,
scales, burlap bags, and woed for construction of storage pallets.

4, Supervise warehouse construction to assure maintenance ‘of
quality standards and proper jinstallation of rat:proofing, moisture
barriers, loading ramps, and adequate gsealing of oors and air
vents.

5. Train warehouse andicooperative managers in proper warehousing
techniques including record keeping, storage hyglene, insecticide
use, bag- labeling and sampling techniques, stacking, and inspec-
tion

6. Supervise the organization of markei transport schedules

7. Organize the transport of neighboring farmers to existing
cooperative warehouse sites to discuss warehouse operation..

8. Develop simple posters explaining to .farmer members- the use
of scales and credit payment schedules to build a common trust-
and understanding of the grain purchase and credit payment systenm.

2. Periodically review proper storage techniques with area ware-
house personnel. .

10. Periodically inspect the warehouses to insure proper stacking,
hygiene, and repair of stor ge. pallets. .

1l. Insure timely ordering and procurement of insecticide supplies

for each storage season ;

12. Establish and maintain gr in market price records to assist
area cooperatives in locating the highest price markets
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E. Determining Program Support Nesds _

The determinati~n of program support needs, following the
procedure set forth in Peace Corps Training Guidelines: The
Program and Training Loop: and a Systematic_gpproacﬁ.to Training,
can be broken down to four steps:

0 Piscal Preconditions, i.e., finances needed.

o Material Preconditions including whatever supplies,
tools, equipment, and materials are necessary for
the program.

o Personnel Preconditions including the supervisory,
counterpart, and support personnel needed by the
Volunteer program. : B

o Attitudinal Preconditions required jin the client
population and government support agencies to foster
acceptance of program activities and injitiatives.

"The following preconditions checklist js provided as an
example for a grain storage pre-extension program.

SAMPLE

, PRECONDITIONS CHECKLIST
-~ : GRAIN STORAGE PRE-EXTENSION

Access to farmers
Famer interest
Portable moisture meter
Laboratory master moisture
meter *See Section L
Portable scale :

. Cooperation of lab personnel
Insect identification chart
Sample collection bottles
Record book and evaluation
forms - .
Bicycle or motor bike, access
to repairs for transport,
host country purchase and
nmaintenance of transport-

".1. Gather guantifiable data on
traditional and improved
storage methods presently
in use to identify the most
appropriate methods.

W nn o W DD
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E. DETERMINING PROGRAM SUPPORT NEEDS contd.

2. Teach and supervise ins=zcti- 1. Cooperative extension
cide application in trial - agents '
bins. . 2. Cooperative farmers

3. Support of Grain Protec-

. tion Bureau to order and

transport insecticides
« Supply of insecticides

and fumigants ' o :
Insecticide duster : ’
Hand sprayer
-Burlap bags :
« Posters and instructional

materials '

@R &

3. Construct improved storage 1. Accessible, cooperative
bins and solar dryer for farmers willing to share
trial demonstration. ' costs. -

- Cement, sand, gravel
Plastic sheeting
Transport for above
Shovel
Cement trowel
Hammer and nails
Wooden cement forms
Wood saw
Tape- measure

AV OTRG WA
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F. Integration of Storage Prejact Activities with Rural Dovelepmans Btferss

Volunteers may become involved in grain storage projects on
an individual or group basis and as a full« or part-time activity.
Many full-time projects will probably. be initiated as part-time
activities thrcugh the interest and involvement of individual
Volunteers. - : i 2

The increasing emphaSlS on programming for "Basic Human Needs"
clearly includes grain storage as a priority area of ds svelopment.
As detailed in other sections of this Handbook, improvement of’
grain storage practices is one method for increasing the food supply.
Increased production is interrelated to and inseparable from it.
Therefore, Volunteers working in increased grain or food produc-
tion projects should integrate some aspect of grain storage (whether
that be extension, informal fact finding, field trials, extenzion
agent training, etc.) into their work. They could do so ;during
the non-growing season when there is no grain cultivation. 1In
preparation for such work, Volunteers should be adequately exposed
to the problems of grain storage in pre- or in-service trainlng
Likewise, Volunteers primarily involved in grain storage: mlght
also 1ntegrate improved cultivation activities into thelf\work
role.

Fur thermore, some rural Volunteer teachers could incorporate
basic ldssons on improved storage into their class presentations,
possibly demonstrating with school gardens or fields. Storage
activities could then become more full-time during the summer
months. General community development Volunteers might begin
storage activities by conducting an informal survey of local
storage methods, farmers' attitudes, and apparent storage prob-
lems and needs. (Ideas for|this type of survey are presented in
Section C, "Investigating Local .Storage Conditions.") The result-
ing information could bz used as a basis for preliminary extension
or field trial efforts. It could also be shared with other inter-
ested rural Volunteers or become the subject, of an in~service
session for grain storage training and project development.




G. Locst snd International Programming and Treining Resources

Access to np-te—date, practical technical information and
assistance is vital to the success of YWwlunteer efforts, Often
there are exceilent resources available locally with which the

Volunteer should became familiar before seeking outside assis-
tance.’ :

Local séuréés of Information and Technical Expertise include:

o] Farmzrs

o 'ﬁxtension agents

o Extension training centers

o Agricultural research centers

0 Voluntary organizations involved in agriculture or
. nutrition '

o MiSsionaries involved in agriculture
o Agricultural-departments of a university or college
o Postharvest or plant protection bureaus

© Local offices of international development organiJations
such as:

- FPood and Agricultural Organization of the United
Nations

- United Nations.Development Program

- Bi-lateral aid organizations such as USAID, CIDa,
FAC, SIDA, etc. -

o The Peace Corps library and files

International sources of Information and Technical Exgettise
generally require more waiting time and possible communications -

- delays if. there is not.a local &ffice, but the potential benefits
" make it well worth the effort. The Volunteer should make requests

as specific as possible, giving accurate details of the local

conditions and the problem being addressed. International scurces
include: '
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G. LOCAL AND INTERNATIONAL pnocmxgnc AND’ TRAINING RESOURCES
cont

1. The Tropical Stored Products Centre - T

Tropical Products Institute
London Road

Slough SL3 7HL

Berks, England

TSPC is one of the oldest and most respected sources. of technical
expertise and information on post-harvest issues in the interna-
tional development comMunity. Technical experts from TSPC are
stationed throughout much of the.British Commonwealth. Requests '
for response to technical questions can bé made to the above_
address, In addition, two very useful development-oriented ~
publications are available from TSPC which should be subscribed to:

-~ Tropical Stored Products Information, a bulletin which
includes reviews of recent scorage developments worldwide and
reports of related research and extension work. The cost is % 1.25

including mailing. ({N.B. There is no charge to official bodies in
developing countries.)

- Tropical Storage-Abstracts,'a selhction of recent abstracts
rclevant to the storage of durable agricultural produce in the
tropics. The cost is ® .30 including mailing. {(Again there is
no chazge to official bodies in developing countries.) Actual
copies of the abstracted articles are not available through TPSC ~—
although names and addresses of the authors are furnished.

Both publications are available on regquest to:

The Editor, Tropical Stored Products Information
TSPC

TPIi

London Road

Slough SL3 7HL

Berks, Eng 1and/

/
You may also be put on the permanent mailing 1list upon request.

2. Internatlonalvagricultural research institutes have a
variety of resources availahble, some more involved in post-harvest
concerns than others. They include:

0 IRRI (&nternatlonal Rice Research Institute)

P. 0. Box 933
Manila, Philippines

18




G. LOCAL AND INTERNATIONAL PROGRAMMING AND TRAINING RESOURCES
contd.

o CIMMYT (International Maize and Wosat Imprevement
Center)

Londres 40,
Mexico 6, D F

o ICRISAT (International Crops Research Institute for
the Semi-Arid Tropics) :
1-11-256 Begqumpet '
' Hyderabad 500 016 Andra Pradeah, India

o African Rural Storage Centre

(IITA) Internatlonal Instltute of Tropical Agriculture
PMB 5320 ,

Ibadan, Nigeria

[}

The African Rural Storage Centre has undertaken research and
training in small farm grain storage since 1973. Extensive
research has been conducted on traditional and medified open
storage cribs, and there are ongoing performance trials of
various common insecticides. Short two- to ten-day training
sessions are regularly conducted for regional agricultural
personnel. Several Peace Corps storage training/orientation
sessions have been held at ARSC. Arrangements for housing are
available. Technical assistance is available to any African
country, with an emphasis on West Africa to the Sahel. A
regular newsletter and technical reprints are soon to be

available. Information on all research and training is‘availe
able on request.

3. viTra (Volunteeys In Technical Aseistance)
3706 Rhode Island Avenue
Mt. Rainier, Maryland 20822
- U.Soho’

VITA has a large number of technical Volunteer experts who respond
to requests for technical information by mail. Peace Corps vVolun~
teer requests for assistance should be sent to I.C.E. at the Peace
Corps address below.

k]

4. Peace Corps Office of Programming and Training
Coordination
Peace Corps
806 Connecticut Avenue, N.W.
Washington, D. C. 20525
U.S.A.

This office has available to it specialists in agricultural pﬂé—
gramming and training who can, if the need warrants, travel on
in-country programming missions.

~
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G. LOCAL AND INTERNATIONAL PROGRAMHING AND TRAINIXG RESOURCES
contd.-

5. L.I.F.E. (League for Internaticnal Food Education)
1126 -~ l6th Street, N.W.” . 4

Washington, D. . 20036. : S Y

U.S.A. K ) //=

s
L.I.F.E. specializes in postharvest grain-loss assessment and
asseszment training. It is also involved. in supnlyingféechniual

expertise in general nutrition-related areas of devE}QEEEB;“
6. Asian Productivity Organization ~ -/

2oyamz Dai-ichi Mansions ~ S
4~14, Akassaka 8-chome .

Minato—ku. Tokyo, Japan

7. Dr. N. S8, Agrawal
Department Director
Ministry of Food, RAgriculture and Irrigation
Krishi Bhavan
New Delhi 1, India NG
Both 6 and 7 above have extensive cdontact with long-standing.,

recional 1mp¢oved qraln storage research training, and extensicn

PIrGYGT ams .

_/-
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N ‘ Moderately

' H. Detarmining Tralning ﬁmg!a and Prioritics

Part II of this Handbook includes 12 geparate training subjecu
areas which may be utilized in a storage program training session
or in Volunteer .self-instruction. Although not all of these areas
will be necessary for each storage program, at least a brief review
of each 'section is recommended. Training emphasis will naturally
be placed on the most crucial skill and information areas and -
their learning difficulty. This ranking of training need areas
is derjved from the Volliinteer Task Analysis as set forth in Peace
Corps Training Guidelines: The Program apd Training Loop and a

Systematic Approach o Training. Each separate task is rated
according to three scales: '

1. Degree of Importance
Extremely 1
Moderately 2
Marginal ~ 3

2. FPreguency of performance

Dally ' 1
Dally to Weekly b4
Weekly to Monthly 3
~ Occasional 4
"Seldom 5

3. 'Learning Difficulty
Extremely 1
Very 2
3
Easy 4

Those tasks with the lowest total score will require the most
intense training exposure. The following example of a Volunteer
Task -Analysis shows how training needs might be ranked for a
grain storage pre-extension program.
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H. DETERMINING TRAINING NEEDS AND PRIORITIES contd.

’ o L

SUGGESTED VOLUNTEER TASK ANALYSISﬂh“ahﬁmmmﬂﬁhhhxh;xh‘ -

GRAIN STORAGE PRE-EXTENSION -
Degree Learning

of Im- Fre- Diffi-
portance Quency culty

Technical : -

I. Dpata Gathering--Volunteer will:

A. Visit farmers to identify various l S | -3
storage and drying methods.

B. Determine labor regquirements and divi- 1l 1 3
sion of labor for construction, mainte-
nance and use of storage and drying
methods encountered, .

C. Draw random samples from drying and l 1 3
storage. :

D. ‘Take moisture measurements of grain 1 1l 4
samples. '

E. Identify insect types and levels of 1! 1 2
1nfestat10n.

f. Classify rodent control measures. 1l 2 3

G. Rate:importance of rodent damage to 2 3 ' 3

drying and storage.

H. Select farmers to cooperate in super- 1l © 4 2
vision of later demonstration trials.

I1I.” Insecticide Demonsiratioh Trials~-
Volunteer will:

ITeach farmers and extension agents 1 3 2
proper dosages and application tech- ’
niques for insecticides.

B. Supervise the application of insecti- 1 -3 3
cides for trial demonstrations.

[

L7

[PA
C—

Cc. Keep records of insect infestation
levels over a duration of trials.
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H. DETERMINING TRAIKING

M.

Qy

A.

B,

Draw samples from trial bins.

Reduce sample size through sample
guartering techhiique. .

Ideatify infesting insects in trials.

Deliver insecticides to extension

agents. -
v

Organize farmer group visits to
demonstration trials.

Discuss application, dosages, and

cost§ with farmers.
" )

Assure prompt and timely repeat
treatments.

Identify problem areas in farmer and
extension camprehension of dosage
rates and application techn}ques.

Design and develop instructioqﬁl
materials for extension agents
and farmers.

Plan and conduct one-day extension
agent training courses. _

III. Improved Storagg Demonstrationh

Trials~-Volunteer will;

Select farmers from the initial survey
-who are interested in having storage

demonstration trxals on thexr own
farms. -

Identify three variables to test and
demonstrate such as the use of insecti-
cides, rat guards, improved shading,
grain cleaning, bin disinfecting, etc.

Arrange purchase and transport of

necessary materials to demonstration

trial sites.
27
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XEEDS AND PRIORITIRS conté.
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of Im-

Fre-

Learaing
Diffi-

portance guency culty
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IV.

. DETERMINING TRAINING NEEDS AND PRIORITIES contd.

Degree lLearning
of Im- Fre- Diffi~
portggge quency culty

Visit and monitor trials-on a bi- 1 2 3
monthly basis, recording moisture w
levels and infestation levels.

Arrange area farmer group visits ‘
to demonstration sites. 1l 3 3

Initiate instructional discussions 1 .3 2
between farmers, visiting farmers and ' . '
and extension agents.

Calculate expenses and labor require- 2 -4 2
ments of improved storage congtructions. - :

Skill Transfer-~-Volunteer will:

Do task énalysis for jobs of counter- 1 4 .3
parts and clients.. '

Establish learning objectives for 1 4 3
counterparts and clients. '

‘Accurately determine skill and atti- 1 4 2

tude levels of counterparts and - o
clients. .

Design learning activities which
promote the achievement of estab-
lished objectives.

Design and apply interim and post- , 1 4 3
evaluation devices to determine pro-

gréss and success in achieving the

objectives set. When necessary, _

modify/improve objectives and/or —

instruction.

Design and conduct field evaluation 1l T4 . 3
to determine both relevancy of task
analysis and training efficiency.

Croés-Cultural

Problem Solving--Volunteer will:

28
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B.

C.

DETERMINING TRAINING NEEDS AND PRIORITIES contd.

- aDggrae
of Im-
portance

*1:; Solve -problems in terms of

self, other people, the physical
and cultural environments. This
involves: E :
a) idehtifying:needs and values 1-
of others \1 ' .
b) identifying his/her own needs 1.
and:,values °
¢) perceiwving the cultural and 1
- physical environment-<its
potential and limitationsg-=-
accurately, i,e., as per-
oceived by the majority of
people living in that environ-
, ment. : , ,
d} using a systematic approach 1
to problem solving.

Comnmunication--Volunteer will:

-1. Set realistic goals that are con- 1

sistent with physical and
cultural envirénments.,

2. Use a systematic approach to com~ 1
munication/skill transfer (see
above}. , :
_ 1 «

3. Employ a communication process 1
that effectively accounts for
and is sensitive to both what
he/she transmit to others and .
what they trangmit to him/her
verbally ang.non-verbally.

Goal Setting--Volunteer will:

1. Set realistic goals that satisfy 1
own physical and emotional needs
. and which are consistent with
-the physical and cultural environ-
ment. . - ’

' (-\ ' | 29 | . L
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Learning
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H. DETERMINING- TRAINING NEEDS AND PRIORITIES contd.

Degree ' Learning”
of Im+ Fre- Diffi.-
portance quency culty

VI. Language
A. Usage/Manipulation-~Volunteer will, . 1l 1 2
with increasing proficiency: _
1. Master pronunciation so that D 1 ﬁ\\_ 2
speech is intelligble to native *
speakers.

2. Engage in polite converaation on
a variety of subjects including:

a) greetings and "openers" R | 1 : 4

b) living éite/conditions, family - 1 - 1 4
members, marital status L ) oo

¢) offering and recelving of l l 4
drinks, food

d) weather, time, health;'food 1 1 4
likes/dislikes, colors, number :

3. Discuss job-related subjects such as: b oY

a) type of storage and drying S 1. 3
methods used - \ o
b} farmerqattitudés toward losses 1 3 -3
. €) labor divisions and demands . 1 4 2
-d) stnrage costs 1 . 4 3 :
e} improved storaée'principles.' 1 -1 3 ;




. The Rols of Grain --nd;(_':fmrin Stsorage in the Werld Food Supply .

<3
L s

RS
— Major Subject Areas a

[

.= Relativ ietary importance of grain in developing
— ountri

- Pxesent and future demand for grain in local and regional
food" -supply .

- The postua;vest segment of the local food'eupply pipeline
. . ff - - *

Training Objectives

~ - Volunteer will be able to discuss with farmers, extension
agents, students, or village leaders the importance of
postharvest conditions in improving the quality and .
quantity of the local and regional food supply

Suggested Resources ' _' _ ;¢j

~ FAO Handllqg and Storage of Food Grains in ;rqg;cal and
SubtrogjcaI_Areas, Sections I and 2.

- Chapters I-III, Post Harvest Loss Assessment Methods,
American Association of Cereal éhemxsts, 197%. Available
---from 3340 Pilot Knob Road, st. .Paul, Minnesota 55121,
u.s.a. = - .

- Statistics on local grain production, importation, and
exportation (by region)

~ Examples of grain and grain products common in local diet

sSuggested Training_gxercises

~  Plan ard prepare one meal with no grain graln—derived
or grain-fed products

- Plar and prepare one meal with only grain and grain-
derived products

S
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I. THE ROLE OF GRAIN AND GRAIN STORAGE IN THE WORLD FOOD sSupPLY

contd.

4

Food storage, the setting aside and preservation of food
for later use, is one of the major technelogical innovations
that has enabled humanity to migrate to large cities and non-
tropical climates where food does not grow all year long. Grain
.is one of nature's most easily preserved and nutritious food
sources and has become the basic food staple for much of human-
kind.. According to FAO. the diet in developing éountries is
comprised of 30 to 70% cereals.

The balance between food needs and the food supply has always

been tenuous and has become even more important today, due largely
to rapid population growth. We know that the world population
will demand more and more grain in the years to come. Increased
grain supplies can be proviced in two ways: 1) by increases in
production through the use of improved needs, fertilizers, machines !
and grea%er land cultivation, as well as the reduction 0f insect

&nd disease problems before the harvest; and 2) through the reduc-
" tion of postharvest waste and loss. Past development prograns
aimed solely at increased production have made only limited pro-
dress toward increasing the food supply; integrated programs to
reduce postharvest losses have been much less common. For only.
~recently has the problem of food supply been perceived as be€aring
two interrelated parts: production and postharvest storage and _
distribution. Storage is thus a vital 1link in the food supply e L4
the world over whether grain is stored in underground pits, in J
grain elevators, or on the rafters above cooking fires.

The development of some: new varieties of rice and maize have
had some interesting and unexpected effects on the food supply.
. Some new high-yielding or early-maturing varieties made it possible
to increase production through double cropping. However, inclement
weather during the new, earlier harvesting period has created new
grain drying problems requiring new drying technologies to avoid
consequent moisture~related losses. ' Furthermore, some of the new.
varieties of grain have either less insect-resistant.seed coats
or loose husks, opening the grain to potentially devastating
insect attack. These new problems in the postharvest segment of -
the food .supply clearly demonstrate the inseparable interrelaticn-
ship of the two parts of this system. As a result, development
organizations are continuing to find that it is of questionable
value to encourage increased production without attention to
postharvest consideraticns, particularly where postharvest losses
are known to be significant. .

=
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J. The Movement of Greain frorm Harvest to Coneumer

Major Subiect Areas

Training Objectlves

Major local postharvest stages including harvest, .
drying, transport, storage, shelling, processing and

~ marketing

Relative importance of postharvest pipeline losses

~at various stages-

Basic concepts of-grain loss assessment

f

-Volunteer will be able to outline the major stages of
. the local postharvest pipeline and will know the relative

'_prlces at harvept and pre~harvest.

-

quantities of graip stored and marketed by local farmers
and the quantity ?f national grain imports and exports -

Volunteer will demonstrate in-depth understanding of
local postharvest stages including harvest, drying,
transport, storage, grinding, preparation, etc., in-
cluding approximate dates, labor requirements, and grain

1
L

Suggested Resources

" L.I.F.E. /AACC'Post Harvest Grain Loss Assessment Manual,

Preface, Chaptexr 1, II C. Available on request from
L.I.F.E., 1126 ~ 16th Street, N. W., Room 404, Washington.
D, C. 20036. U.S8.A.

Graphic 111ustration or chart of local grain pipeline,

each stage’labeled with total percent of grain which

passes through that point, e.g., 25% marketed, 14%
milled, etc.

-

Suggested Training Exercises

Visit major local pipeline stage sites and follow with
research to determine quantitative flow in individuzl
stages of the pipeline for deve10pment of above-mentioned

.local pipeline chart

Complle a list of 1) all products and bi-products manu-
factured from local grain and 2) local grain expprts

'Spend a day at diiferent grain markets to trace origin

and destination of grain in each market . .
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T TQE MOVEMENT OF GRAIN FROM HARYEST TO CONSUNSBR contd.

i

All grain consumed in 2 country is either grown thesre or
imported. All grain must move to-consumers (urban and rural)
through qhat can be visualized. as a pipeline composed of many
reservoirs and interconnecting pipes. The structure of the
pipeline7can be very =imple if most farmers consume all of their
grain and sell none: Or, it can be very complex, including
producers, wholesalers, retailers, processors, distributors,

urban consumers, and the. many phases of transport between these
different groups.

The storage conditions in each section of the grain’ pipeline
may differ widely, and leaks (losses) can and usually do occur
in each section of the plpellne . Economlcally, it makes sense
to find and reduce the biggest leaks in the pipeline to obtain
_the highest returns. However, cultural, political, and climatic
influences may.not always favor such a strategy.

In developlng countries where the traditional- small farmer
produces the majorlty of the total grain harvest, it is commcn
for as much as 80% of the small farm produced grain to remair.
on the farm or in rural areas. ‘Consegquently, that part/of the
pipeline is strateglcally the most important in terms of poten-
tial increases in the food supply.:® For this teaébn,,focus or.
graln storage at the small farm level can often,be the most
promlszng and practlcal approach
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~— Major Subiect Areas

~ Three grain parts; pericarp, embryo, endosperm

Bi~-products of grain reSplr&thﬁ and thair effect on
storage quallty

-  Control methods to retard grain reapiration-.
- Relative humidity and equilibrium mdisture content
- ‘Moisture movqpent in stored gréin \

Training Objectives

- Volunteer will be able to explain to farmers and exten-
sion agents the three parts of grain and their role in
nutrition and grain germination

- Volunteer will be able to explain to extension agents
grain respiration, its bi-products, and the environmental
factors which, retard or promote it

i

'=  Volunteer will understand principles of equilibrium
moisture content and will commit to memory the predicted

~— ' local equilibrium moisture content for grain at time of

harvest and at predominantly dry and wet season tempera-
tures and humidity

3

- Volunteer will be able to explaln,to famers and exten-
sion agents what causes moistutre movement in graln bins
and why stored grain should be shaded

Suégested Resources

- Peace Corps/VITA Small Farm Grain Storage, Sections 2, 3

- _FAO Handling and Storage of Food Grains in Trqglcal and
Subtropical Areas, Section 4, Appendix H
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;K. THE PHYSICAL PROPERTIES OF GRAIN contd.

Suggested Training Exercises

- Take hygrometer and temperature readings during two hour
intervals throughout the day to demonstrate relationship
of temperature dnd r\\étive humidity

Seal two szmples of moist grain in separate jars plac;ng
one in a cool and the othér in a warm environment to
observe the collection of moisture over several days

o
* * %

P s
Because the physical zroPefties df grain play a vital role .-
in its vulnerability and storage losses, 3 brief study of grain‘’s
physical structure and properties will’g{%e a clearer understand-
ing of the majorx factors which cause such losses and the Methods
of their prevention.

Grain kernels are actually 11v1ng .organisms. If gralh is to
be used for planting, it must be kept alive. In addition, liv1ng
grain resists storage deterioration bettgr than dead grain.

All cereal grains-—ma!ze, rlce, sorghum, wheat, barley, etc.--
are actually fruit of the grass family Graminae. The structure
of each type of grain is basically the same. The grain kernel
consists of ‘i:hree parts:

o The seed coat, or pericarp

o The seed germ,.or-embryo

0 The food storage reservoir, or endosperm.

The pericarp (seed coat) is'waxy and acts as the grain'
natural deterrent agalnst the movement in or out of 1nsects,
mold, and moisture. The embiyo (seed germ) extends up from the
tip cap {the end of the'kernel which was attached to the adult
plant). The tip cap has many tiny pathways which connect to the
embryo and the endosperm above it. Water passes easily through
these pathways, causing the- germlnation of the seed. The embryc,
which will become the living plant, is readily destroyed by molds
which attack moist grain. This.destruction kills the seed so
that it can no longer be used for nlantlng The endosperm
{stored food of the seed) forms the largest part of the seed,
about 80% in most grains. It is the largest source of the
grain's food value for huzans.

Like other 11v1ng organisms, graln undergoes life processecs
People breathe oxygep from the air and take nutr*ents rrcm the

-
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K. THE PHYSICAL PROPERTIES OF GRAIN contd.

£

food they eat in order to nourish their bodies and grow. Similarly,

stored grain must maintain its life proceases by taking in oxygen
and converting the stored food in its endosperm to energy. 'This
process is called respiration. Though the chemical reactions are
rather complex, suffice tco say here that when it is cool and dry,
grain is dormant. This means that while 1life continues, biolcgi~
cal activity 1is minimal, and there is no sprouting or gros-th,
Nevertheless, the grain continues to slowly take in oxvgen to
convert its stored food into almost impserceptible quahtities of
moisture, heat, and. carbon dioxide.

Two factors will serve to speed up the respiration. process
of grain: moisture and heat. Planting grain in favorable ¢on~
ditions of warm, moist soil will rapidly increase its respirca<ion
level, causing sprouting and growth in a matter of days. Grain
moisture in fact‘influences,resPiration and grain detsrioxacion
more than grain temperatuyre; an-increase in rolsture causes
greater increases in respiration.rates than comparable increases

. in grain temperature. The. respiration rate of grain can be.

retarded by forced or natural aeration or.by artificially ccol-
ing it, a process which in non-temperate cdlimates is generally
expensive and impractical. Reducing the moisture content of
grain .and cooling through natural aeration are’ generally nore
practical ways of reducing grain resPiration-

The moisture content of grain will vary according to the
climate in which it is grown and atored. Specifically, moisture
content after maturity depends upon the relative humidity of the °
surrounding air. Relative humidity means the amount of molsture
actually in the air caompared to- the maximum amount of moisture
the air would hold at that température if it were saturated.
Because warm. air will hold more moisture than cool air,. an
increase in air temperature during the hot dry season, at mig-
day, or in artificial dryers, will also lower its relative humid-
ity. Air with a low relative humidity moving through high meis~
ture content grain will cause the latter to give up moisture to
the air.. Warm the air and it does an even better job. This '
principle is used in“the drying of grain. Conversely, grain may
absorb moisture in the presence of air with high relative humidi-
ty. The ecuilirnrium moisture content is the point at which the
molsture content of the grain. and air stabilize.

L;fferen+ Gioids have varying equilibrium moisture contents
at a diffevert reoiative humidity. Research has determined that
the maximum moir.ire for safe storage is the eguilibriun moisture
content fcr graisn _n climatic conditions with air at 70% relastive
humidity and a temzsrature of 279C. A chart for various grain

!
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equilibrium moisture contents is found in FTAO Handling ard 8tor= .
age of Grains in Tropical and Subtropioal Aroas EOCt&on I...ﬂqu
53. , Ry

1f grain is sealed in a closed container, such as a metal
bin, the grain will reach an equilibxium. moisture content with
the air in the bin, Because thexe is _relatively much more actual
weight of moisture in grain than 4in air, it takes a great deal
of air to apprec1ab1y increase the moisture content of grain.
Thus, the air in a sealed bin quickly gives up its available
moisture or pickg up the little moisture available in the ai:
and comes into equilibrium with the grain. G&Grain exposod %o
open air would come” inteo contact with much greater quantitie:

of air, thereby acqulrinq or losing muah more moisture.tefore
uonlﬂg into Equlllbrlum

v

If grain is not stored in a sealed coniainef, a.9., Ln =pen
cribs or hanging from the limb of a tree, its moisture content

will continue to change in seeking equzlibrlum'with ‘the chanuying
environmental conditions.

The :\ép;ratxun of grain releases heat, moisture, and carbon
dioxide. The heat and moisture in turn further increase respira-
tion, potentially causing‘a spiraling effect. Because both mold
and insects reproduce more rapidly in onditions of wamrmth and
moisture, maintaining low levels of grain respiration and conse-
quently the reduction of grair moisture is a major component of
safe storage procedures. In addition, both mold and insects
produce heat and moisture through their life processes, further
adding to the potential heat and moisture -build-up. This phe-
nomenon can cause-gerious pockets, K of heated, moldy, and insect-
infested grain. We will look at this problem in more detail in
Section M, “"Factors which Threaten the Good Preservation oo
Grain.” ' -

~
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L. Moisturd and its Maasuroment

Major Subjéct a:éas

- Traditional non-mechanical methods of moiatura measuke-
ment

R

- - Mathematical formulation .for moisture calculatzon

Moisture removal methods of Toisture measurements

_Electric moisture measuxament methods

1.

Training Objectives o \

- Volunteer will identify and became proflcient in use
of local traditional moisture measurement methods

- volunteer will be able to use at least one method of
local non-mechanical meisture measurement wlth maximem
error of 2% + safe storage 1eve1

- Volunteer will be familiar with use and maintenance

of locally available mcisture meters for field and
laboratory use

— - Volunteer will learn location of all publicly available
: moisture meters in his/her area

Suggested Resources

- Peace:Corps/ViTA Small Farm Grain Storage, Section 3,
_Appendix B ..

- FAO Handling and Storage of Food Graxns in Tropical and
Subtropical Areas, Section 4

3 - Portable and laboratory moisture meters

Suggested Training Exercises

- - Take moisture readings of grain at graduated moisture

- levels to become familiarized with operation of moxsture
meter :

- compare results to laboratory meter, sealing and
. labeling samples for transport

v

- read repair manual and make trial adjuéiments to

caliprate portable moisture meter with laboratory
meter
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MOISTURE AND ITS MEASUREMENT contd.

-  Make non-mechanical estimate of grain moisture content
using teeth, thumbnail, etc., and learn to gauge various
critical moisture contents, checking againat readings
of moisture meter \

T —

. . ® W ®
< ' v .
Even though the reduction of moisture in grain .is probably the
single most important factor in its safe storage, there is: no ?
minimal fixed limit below which ‘grain may be safely stored for any
given period of time. Remember that a large insect infestation
can produce moisture-related problems in spite of controlled '
temperature and adegquate drying. The follewing table shows ‘the
aggroximate moisture content for up to one year's safe storage aw
C and /0% relative humidity. Generally, above these limiis
moisture alone will cause deterioration; at or below these Tamiie,
it is possible to. avoid moisture-induced losses.

Grain Type : Maximum Moisture Content for
One Year {(or less) Storaga at
70% relative humidity and 27°C-

Wheat....... et s eeen Gt et ececsssssennssnnn “.13.5%

Maize...... TEEEEE et ese-ssssesssssesssanns 13.5% R
Paddy RiCE....e.eeunnns v eeeee e, 15.0% '

Milled RiCE....ceeereeeeevcecececceasonens 13.0%

SOXrghUM. . s c oo eneesosnonnns e eeeesssenens .13.5%

Millet.......iiitiriiieireneeencecancnnnn 16.0%

oooooooooooooooooooooooooooooooooooo

Source£ Food and Agriculture: Organization of. the
United Nations, 1970, p. 53, Handling and Storage
of Food Grains in Tropical and Subtropical Areas.

The measurement of moxsture is clearly vital to safe grain
3torage.

. Traditional Non-Mechanical Moisture Measurement

Indigenous farmers have always had their own methods for
measuring the amount of moisture in grain. Some 0f these methods
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L. MOISTURE AND ITS MEASUREMENT c9ri,td.

provide a fairly reliable estlmaée of thergraxn 8 suitability for
safe sto{age These mathods involve pressing the grain with the
thumbnail, crushing ‘it betweer the fingers, biting it, rattling -
a number]of grains in tin, smelling or shaking a handful, or
plunging |a hand with fingers extended into a large quantity of
the grain (such as a saCK) Wet or damp grain is soft, gives a
dull sound, smells, and prevents penetration of the hand up to
the foream.  With experience, one can da a fair job of judging
"whether/pr not the graln -3s suitable for:storage

ofﬁgn, such local methods for determlning moisturse Pontent '
‘are adequate to insure safe storage and should be used as often
as goasible Mechanized moisture measurement techniques arc

iderably more costly, but they allow one to cut closer to
tegatrouble llne

F i
/" Other methods available for measuring moisture can ke dividad
into those suxtable for the laboratory or for the field. Iabora-
toxry methods are considerably more accurate but seldom practical
under field conditions.

Moisture~Rem0Val Methods of Moisture Me&surement

] - :
Very briefly, the two most common“of these methods of mois~

ture measurement are oven-drying and distillation, Both methods

. are most commonly found in laboxatories due to the complexity and
fragility of the required equipment. In both methods the grain

- is first weighed on a very accurate scale. The sample js then
ground into a fine powder and either heated in a special oven or
in a special o0il. Heating the grain causes the moisture to evapo-
rate. If the oven method is used, the grain is again weighed,
and the percentage moisture content can be calculated by the
following formula: .

weight of moisture

X 100 = percentage moisture contént

welght of wet sample

The distillation method traps the evaporated water and” condenSes
it into a graduated cylinder. The same formula can then be used.

Electric Moisture Measurement Methods

These methods rely on a piece of equipment called a moisture
meter. These are commonly found at processing installations and
warehouses, but they are generally too expensive and delicate for
use by small famers in developing countries. For this reason,
their use is often restricted to extension agents. The most com-
mon and practical moisture meter for field use is the capacitance

41
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L. MOISTURE AND ITS MEASUREMENT contd.

type. It measures the moisture of a given weight of grain by =~ =~
passing & current of electricity through it to gauge the conduc-
‘tivity which varies according to the type of grain and its mois-"
ture content. The reading of the meter is calculated on a*scale
with adjustments for grain temperature and type. Because capaci-
tance moisture meters are liakle to give false readirngs if the

_ sample to be tested is wet on the surface, the grain ghould be

K held in a closed containex for 24 hours before testing. .

‘ Resistance moisture meters may be of two types, uging either

a compression cell or a probe. 1In the compression cell methed,

a sample is compressed and the electrical resistance measured

on a scale calibrated in percentage moisture content. Temperziure
correction is required. The probe method is less accurate but is

useful where rapid evaluation of the approximate moisture coutent
of a large, already bagged quantity of grain is needed.

Finally, the simplest and most accurate method of moisture
measurement involves the use of non-iodized table salt and wciis
on the principle of eguilibrium moisture content. "~Its use is ;

-limited to determine whether maize has a moisture content of
more or less than 15%, the maximum for safe storage of bagged
maize. Consegquently, it is not useful where closed system stor-
age i8 in use. A small tightly sealed bottle of approximately
100ml. is' filled about three-quarters Zull of maize grain. About
5-10 teaspoons of free-running dry table salt are added and the
bottle is closed and shaken for a Iew minutes. (If recessary
the salt ma be dried in an oven or heated pan.) ‘If the salt
sticks to th inside of the bottle, the maize is above 15% mois-

““ture content.\ If it does not stick, the maize will be below 15%
moisture content. This method is found to be accurate in measur-
ing the 15% level-within a 0.5% margin of error. It is mors
accurate than most other field moisture meters.

Information on specific types- and brands of moisture meters
can be found in the Peace Corps/VITA Small Farm Grain Storage
Manual. Price and manufacturer's address are included. Generally,
the use of moisture meters by Peace Corps Volunteers will only be

. necessary where careful observations are being made of local and
improved storage performance and where artificial dryers are be-
ing tested and newly introduced. Moisture meters are rather deli-
cate and should be transported with minimum exposure to shock and
dust. Meters should be calibrated at least every 3ix months, more
often when they are used heavily, and especially when they are
frequently transported. They can be calibrated by selecting
several samples of grain at different moisture contents, measuring
the moisture contents with a known accurate meter, probably to be
found in a grain laboratory, sealing the samples in separats
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L. -MOISTURE AND ITS MEASUREMENT contd,

labeled jars and later compared to the moisture meter being
calibrated. A variety of moisture contents should be checked,
preferably at the level safe for storage of the grain in quea-~
i lower than that level. EBach moisture
nstructions for re-calibration adjust-

4
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M. Factors which Thresten Good Preservation of Grsin ’

Major Subject Areas

- The interrelationship of moistura, heat, insects, and
mold in grain storage and grain loss

- Mold growth, ita effect on storage and its control
- Insects, their effect on storage and.their control
- Redents, theiy effect on storage and thelr control

- Grain heating, its causes and effects on the storage
environment

- Moisture, its movement and xole in the storage envixon-
ment

~  Grain condition and its role in the storage envirgnment

Training Objéctives'

- Volunteer will be able to discuss with farmers and
extension agents the interrelationship of moisture,

heat, insects, and mold in grain storage and grain
N loss '

-~ = Volunteer will be able t¢ discuss and demonstrate
specific methods which are or could be locally used
to control moisture, heating, and mold growth (more
specific information on insects, rodents, and grain

drying is presented in Sections 0, P and Q, respec—
tively)

Suggested Resources

- FAO Handling and Storage of Food Grains in Tropical'
- and Subtropical Areas, section 4

. Grain samples with heat; insgct; mold; and ‘todent-
related losses

Suggested Training: Exercises ' i?

- Visit farm. storage sites to ldentlfy five major storsge
threats -

- - ask farmers what they think are the major threats to
the storage of their grain

H
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M. FACTORS WHICH THREATEN @OCD PRESERVATION OF GRAIN contd.

S -

-~  Present in local language summa:y of tha inttrrolation-'
ship of moisture, heat, insects, and mold in. qrain
storage and grain losgse

/
% % %

¥
+

Grain can be stored safely anyﬁhere in the world for mcre than
30 years with very little reduction of its nutritional value if
three factors can be controlled. These three factors are mois=-
ture, heat, and pests, The relative sgsignificance of these factors
varles according to climate. Heat, for example, is not a grai
storage problem during the winter in Canada. Similarly, insects\
cause fewer problems in dry climates than in tropical ones. Safe .

: storage practices basically entail manipulation of the environmeat \

~ to guard against storage threats. This can be accomplished through
sealing dried graxn in a moisture-proof bin, using. insecticides,
storing grain in cool, shaded areas, etc. Some forms: of environ-
mental manipulation will be more practical and effective than.
others. .

Specifically, the principle causes of grain logs in storage.
area: ,

f - Excessive moisture
- Heat - ' ) . T
- Insects
- Mold
F B
- Rodents
These causes are often interrelated and occur whether the grain
is stored in small baskets on a farm or in huge warehouses in 2
major urban center. The basic principles involved in controlling
and preventing storage losses are the same regardless of the
qgquantity being stored. This Handbook deals only with controi.
measures which are the most practical and available for use by
the small farmer in the developing world.
Losses due to mold and insects are frequently interrelated,
generally the most damacing to grain, and the most difflcult to
control.

Mold Growth, the Effecc on Storage and Its Control

Microscopic mold spores {technically-zalled fundi) are preéent
on all grain kernels. When moisture content is too high {usuaily
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M. FACTORS WHICH THREATEN GOOD PRESERVATION OF GRAIN contd.

14% or more) and the temperature is above 229C, mold sporea will
germinate. The growing molds send out tiny thraad-like roots
{called hyphae) and produce a2 mass of new spores in a Very short
time. These hyphae pierce the seed coat, especially at the
vulnerable seed tip cap, to feed off the embryo and the stcred frod
of the endosperm. .The molds wiIl kill the seed germ and consume
its stored food. Molds can penetrate very easily into damaged or
broken kernels, which ‘are unprotected by the waxy seed coat.
Therefore, care should be exercised in shelling, threshing, gnd
handling the grain to avoid its breaking or eracking, Moreover,
although they do not greatly increase the moisture content o3
grain, molds produce a considerable amount of heat which can
further promote the deterioration of stored grains by fosLering -
additional insect and mold growth.

L

An obvious loss in gquantity of the grain does not occur in
the early stages of mold development, and reduction in guality is
not immediately\noticed, However,. serious damage may rapidly occuz
in graips invadeqd by molds if they are not dealt with quickly.

e chemical substances (called enzymes) which break

d destroy the ability of seeds to germinate and
produce new plants. They also cause both discoloration of the
embryos and reduction in embryonic nutritional value. 1In the
later stages of mold growth, the grain s stored carbohydrates and
proteins are consumed, resulting in its loss of weight. Molds
also cause chemical changes in the grains, which further reduces
the food value- and changes the taste of the grain.

_ In some countrles there is growing concern about af‘atd&ins;
chemicals produced by certain mold growth. Detection of afla- _
toxins reugires very sophisticated laboratory procedures. Afla--
toxins have been found to be highly carcinogenic. The most '
reliable way to avoid aflatoxin contamination is through drying

of grain immediately after harvest.

Insects, Their Effect on Storage and Their Control

Insects feed on the stored nutrients of the grain and like
molgs, their metabolic processes produce heat and carbon dioxide.
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+

. -
The added moisture and\ heat make the grain a more favorable envi-
ronment for the gevelopment of even larger numbers of insects and’
the growth of mold. The optimum grain moisture for insect multi-
plication is about 14-17 but insects will grow and slowly multi-
Ply at moisture contents low as 11%. Generally, jinsects do not
reproduce in large numbers \in grain that is below ll%.moisture

content. Most insects will\go qormant or die in grain with 9% or
less moisture content. .

Temperatures also influence the growth of insects, which tend
to die or migrate when temperatires are higher than 40°C. Beczuse
it is often costly or impractical to dry grain below 11% moisture
content or to heat it above 400C,\ chemical or indigenous ingsecti-
cides are often used to prevent infestations., Details on the use
of 'insecticides are presented in Handbook Section 0, "Insects
and Their Control.”

Rodents, Their Effect on the Storage Environment and Their Centirol

Rats and mice eat large amounts of stored produce and ofien
spoil uneaten remains. Characteristically, rodent damage can he
easily detected in shelled maize which has the embryo ezten oui,
or in cob maize which is gnawed away to the base of the endosperm.
Smaller grains are often totally consumed, carried away, or. broken
into many small pieces. Flakes of material partially eaten are
indicative of mouse damage. Hairs, droppings, and tainted odors -
.are common in rodent-damaged grains, reducing not the gquantity
of the produce, but its guality. On the world export market some
countries refuse such contaminated produce.

The practical prevention of grain loss due to rodents involves:

(o} The use of storage bin construction materials that are
impervious to the gnawing of rats and mice--metal,
concrete, burnt mud bricks, etc.

(o} The provision of conical metal rat guards fixed to the
storage structure leg supports.

o The.use of chemical rat poisons or mechanical traps.

Grain Héatingi_lts Causes, and Its Effects on the Storage
Environment - '

Grain is a good insulator, meaning that heat produced by
mold growth, insects, and grain respiration tends to build up
and concentrate in the grain mass. This build-up can result in:
what is called "a hot spot." (See Figure A) As insects tend to

_—




M. FACTORS WHICH THREATEN GOCD'PRESERVATION OF GRAIN contd;
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FIGURE A
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. ' | \
Spoilage of grain due to temperature differences, movement
of moisture, and localized development of fungi and insects.

"Hot spot" formation may occur at any location in the grain
mass., | 7 .

Source: Food and Agriculture Organization of the United
Nations, 1970, p. 64, Handling and Storage of Food Grains in
Tropical 'and Subtropical Areas.
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M. FACTORS WHICH THREATENIGOOﬁ PRESERVATION OF GRAIN contd/

0
nigrate away from high temperatures, hot spot fomation may
actually spread infestation.

Heat produced by mold growth w111 increase unt11 the molds
are killed at temperatures of 50°C or more. At this point,
bacteria and fermentation {souring) will continue to produce heat, .
and temperatures may exceed 80°C. These extremely.high tempera-
tures usually cause darkening of the entire grain kernel. Grair
deterioration caused by the large amounts of heat producced by
molds {and insects to a lesser extent) reduces the quality of the
grain not only for food and feed use but also for indus:irial
purposes of alcohol and starch production.

Moisture, Its Movement and Role in the Storage Environment

Well-dried and insect—f}ee grain can keep for a considerab-.e
length of time if the conditions under which the grain is stornd .
do not change. Unfortunately, such conditions can change as a

result of temperature fluctations in the atmosphere outszide th-:
storage :container.

¢
[

Even when there is equal or uniform grain moisture distribu-
tion in storage, uneven temperatures in the grain mass (caused by’
the sun's heating of the bin walls} may cause moisture to migrate
from one part of a bin to another. Internal moisture migration
decreases grain moisture in one place and increases it in anotherx.
This frequently leads to mold-caused spoilage and insect growth

*in the high moisture areas. Understanding this externally cacs=d
process of moisture migration in the stored grain requires an
examination of the actual influence of temperatures outside
the storage bin.

in temperate climates, grains are placed in storage at reia-
tively high temperatures. As.the average air temperature outside
the grain storage bin decreases with the changing of seasons, :he
walls of the storage bin are cooled, lowering the temperature of
the grain and the air near the bin walls. When air is cooled.
its density increases. Cool air has a lower volume and a greater
weight than warm air. Since it is heavier, it tends to move down
along the bin walls toward the bottom.of the bin. This movement
of cool air to the bottom of the storage bin causes the displace-
ment of the warmer air that had been there. This warm zir moves
up through the center of the grain mass to the top of the bin
near the central area of its cool surface. (See Figure B)

Changing the temperature of air changes the amount of water it
can hold (i.e., its relative humidity, see p. 37). Thus the wa:m
air rising through the bin carries moisture which will condense at
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M. FACTORS WHICH THREATEN GOOD PRESERVATIQN OF GRAIN contd.
e
the upper surface of the bins asg its temperature is lowered by
- this cooler grain. The cooler, descending air will then be
warmed by the grain,lcausing it to pick up moisture from the
grain when it again goes through the center -of the bin, deposii-
. ing the moisture at the top of the stored grain when it is cooled
. once again. (See Figure B} This circular movement of air cur-: . - §
rents may deposit enough moisture at the top of the bin to pro~ . - ' 5?
mote mold and insect development and consequent - spoilage if no -
countermeasures are taken. Once the molds and insects\get started,
they can .spread to other parts of the ¢rain mass.

‘During the warmer seasons, the opposite situation may occur:
outside air temperatures axre higher than temperatures in the
storage bin. The air near the bin wall is thus warmed and riQES
along the walls. The displaced cool air at the™top of the bin ™ -
moves down through the center of the grain mass. Moisture carrie
by the rising heated air will again be deposited near the top N
surface of the stored grain because moistuXe condensation is .
caused by the cooling of the air moving down through the cool N
grain mass. ~

b
.

This process of air and moisture movement caused by external
changes of temperature 1S mos8t evident where there are iarge grain
masses and large seasonal temperature changes. However, i1t may

—-— occur also in situations where day-night temperature changes are
great, particularly in non-shaded metal bins whose walls are
good conductors of heat. Generally, this process does not occur
in smaller bins. However, even in small metal bins of 3~5 tons,
external heating may cause some moisture migration, build-up,
and conseguent grain deterioration if the bins are unshaded.
Thus' all closed bins should be shaded, particularly those made
of metal. ,

Grain Condition and Its Role in the Storage Environment

_ The condition of grain at the beginning of the storage period
affects the length of time grain can be safely stored. In |ddi-
tion to a favorable moisture and temperature environment, mold
and insects require a readily available food supply. A sound,
hard, seed coat helps keep moids and insects from easy accéss to .
the stored food of the grain. Sound kernels have better storage

. resistance than those that are cracked or hroken. The presence
of foreign material such as straw, weed se:ds, and dust 21so con-
tributes to the development of mold and insects. Straw and, to a
greater extent, dust are particularly hygroscopic; that is, they
tend to take up and retain moisture. Consequently, excessive
dust and straw in storage may provide an environment conducive to
the initial build-up of mold. - Thus, grain cracking and breakage
shovid be minimized in shelling, and all grain should be wirnowed
or sifted to remove chaff and dust hefore storage.
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FIGURE B S

Moisture movement within bulk grain due to differences
between cutside air temperature\and the temperature of
the stored grain. Left, ocutsideNair temperature .below grain °*

temperature; right, outside air tewperature above grain
temperature.

Source: Dr. Henry Barre, Professor Emeritus, Ohio State
University, Columbus, Ohio. -
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. G_‘éain Drying

Mijor Subject Areas

.

- N
- Muyisture content at araln maturity

Drying merhods {axtxfxcial solar, and field drying)
-~ Maximum saf% drjlnq temoeratures

Training Objectives

- Volunteer will be familiar with local drying metho&s
and be able to d;scuss‘the relative advantages and
disadvantages of each to £anners and extension agents

volunteer will be famillar with and able to dxscuss
with farmers and extension agents the results of any
local or relevant regional research on improved dryer
desian and performance
i
Volunteer -will be Wale ta build and operate suitable
dryer models for farmer ektension
. : b
Suggested Resources. i f

1

- Peace CorpsvaTA Small Farm Gtain Storage Manual,
Sections 4 and 5 ‘ \

#AQ Handling and Storage of Food Grains in ¢ropxca1
- and Subtropical Areas, Sectlon_ﬁ

l L]

Moisture meter

]

Thermomater

[

Solar dryer .construction materials and tools

-~  Local research reports on improwdd drying methods

Suggedted TLaining Exercises

-~ - Build a solar dryer and monitox grain drying with
thermometer , moisture meter, and non-mechanical
moisture testing methols .

Compare natural drving metheds and their drying rates
to 1maxﬁf:2}pola& dryirg during simultaneous operation

Dry sampl of grain at increasing temperatures, then

planu grain sSamples separately to observe effect on
grain germination potential
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M. GRAIN DRYING 1 —

- Use the same homogeneous bulk of grain to-obtain
each drying sample and plant one control which has
not been artificially dried

* & &

The amount Of drymg required to prepare grain for safe stor-
age depends upon its molisture content at the time of haxvest.
Grain drying practices also depend upon other..considerations in-
cluding the kind of grain, the method of harvest, the weather
at the time of harvest, and labor availability durzng harvest.

In general, grain is fully mature at about 33% moisture con-
tent, at which point the growth process ends. The end of the
growth process can be observed when the grazn plant turns brown °
and dies. Genherally, grain is harvested in tropical climates
‘very soon after maturity to make way for the next crop. Harvest-
ing and threshing of grain usually occurs when the moisture con-
tent of the grain is higher than is safe for c¢losed storage.

Wwindrowing (i.e., drying in stacks or bundles) and field dry-.
ing freshly harvested grain for even a few days with only a few
hours of sunshine each day will remove large quantities of watzr.
Field observations in tropical areas have ‘shown that approxlmate-
ly ten days of field drying reduces the moisture content of grain
from 35% to 24%. Such. steps as field drying and shelling also

greatly reduce the time and cost involved in artificial dry;ng,
if it is to be used.

Generally, the limitations to field dTYing are:

© Rodents and birds which consume and destroy large
gquantities of the grain. Insect 1nfestat1qp_cgn
get started in the unprotected grazn.“

o Rain and sun heating of the grain which cause
grain deterzoratzon

o The relatzve humidity in some axeas which is not
- low enough to permit thoxough drying for safe
shelled or bhulk storage. .

" o (Close-following Tainy season, which forces rapid

clearing of the field to preparxe for the next
planting.
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N. GRAIN DRYING contd.

Drying Temperature

Drying temperatures have a aiinificant effect on grain quality.
The maximum grain tempefature advised Auring Arying depends on:

1} the intended use of the grain, 2) the moiature content of

the drain, and 3} the type of grain. For example, to assure a
standard density Of plants per hectare, grain used for planting
needs to have a high germination potential. Because high drying

temperatures kill the seed, air temperatures for dxying geaed
grain must not exceed 400C.

Excessively high grain temperature in maize andsrice.will
cause increased kernel cracking, breakage, and discolvration and
lead to a lowered food and market value of the grain.

The baking and milling qualities of grain are seriously re-
duced by excessive drying temperatures. Fortunately, grain to

be used for such purposes can withstand higher temperatures than
seed grain. .

Maximum permissible recommended drying temperatures depend also
upon the use for which the grain is intended. Examples are given
in the table below. These are brvadly recognized values not
exclusively appropriate to all areas or varieties., Experience
may indicate that temperatures in excess of these may be used
satisfactorily. Initially, however, the temperatures listed are
recommended. Minimum tamperatures are always recommended when
quality is a factor.

SHALLOW LAYER DRYER OPERATING TEMPERATURE CONDITIONS

"Recommended drying

Produce and Intended use temperature °C
Grain to be used for live- - :

stock feed 74

Grain for human consumption 57

Grain for milling and manu-

facturing . 60

Seed grain or breWwery grain 43

Rice for human consumption 43

Beans for human consumption 35

Source: Food and Agriculture Organization of the Uﬁited
Nations, 1936, p. 71, Handling and Storage of Fcod Grains
in Tropical and Subtropical Areas.




N. GRAIN DRYING contd.

Drving Methods

Grain drying methods which are practical for use by small
farmers are field drying, natural ventilation, gun drying, and
artificial, heated-air drying.

Field drying should be used to the maximum extent
possible. The rate of drying of crops in the field largely
depends on the atmospheric air conditions (temperature, relative
humidity, wind, rain, etc.). Because of field losses due to
_dropping, spillage, rodents, birds, insects, anticipated rain
and thievery, farmers may be obliged to gather the grain bhefore
it has been well-dried in the field. Where there are two 'grow-
ing seasons, the second following closely after the first, the
early crop must often be harvested immediately at maturity to
permit clearing the fields in preparation for the second.

Other drying practices such. as windrowing and sun drying may
be used to great advantage depending upon weather conditions and
cropping patterns. However, they require much additional time
and labor compared to direct harvest methods. Sun drying on
mats, hard-packed earth, or other flat surfaces is commonly used
in many countries. Because birds and other animals must be pre-
vented from consuming the grain being dried, sun drying requires
constant attenticn to assure good grain guality.

Open storage cribs designed to provide good natural ventila-
tion are used traditionally when it is desirable to harvest food
grains too moist for closed storage, or when artificial drying
is not available or practical. It is especially common for the
storage of unshelled maize on the cob. During the dry season,
such storage may provide sufficient drying for shelling and .

- later enclosed storage of the maize. Long-term open crib storage
{more than 6-~8 months) is seldom practical because such naturally
ventilated structures in tropical regions offer little protection
against infestation by insects and rodents or from rain and
damp air during prolonged humid periods.

Heated-air drying systems consist of a drying bin to hold
the grain through which heated (low relative humidity) air is
passed, rapidly drying the grain. The use of these dryers is
generally restricted to larger cooperatives due to limitations
such as high cost of construction and maintenance. The fuel
for heating the air (petrol, firewood, maize cobs, rice hulls)
also adds to the cost further reducing the practicality of this
system for individual farmers. . However, this method can be used
regardless of climatic considerations {rainfall or humidity);
moreover, it is very fast compared to natural drying methods.
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Major Subject Areas

Sources of insect infestation

Basic insect biology |
Identification of major insect pests
Selection of insect control methods

Non-chemical and traditional insect control methods

© Control with chemical insecticides

Trainihg'Objectives

Volunteer will be able to demonstrate and discuss
insect infestation sources to farmers and extension
agents as support for the deinfestation of bins and
equipment -

Volunteer will be able to identify on observation the
major local insect species

Volunteer will be familiar with the life stages of the
insect, and be able to identify the adult stages of
major local species ‘ A

Volunteer will be familiar with and able to identify

and evaluate all local insect control methods which do
not rely on modern insecticides

Volunteer will be familiar with major locally available
insecticides and know which are or are not suitable
for grain '

Volunteer will be able to recommend to farmers and
extension agents the use of chemical insecticides,
including dosages and application methods

Volunteer will know the safety precautions for the
application of all locally available insecticides for
use with grains as well as first aid procedures. for
the treatment of insecticide poisoning
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Suggested Resources -

Peace .Corps/VITA Small Farm Grain Storage Manual,
Section 6, Part 1; Appendix C; Section i

FAO Grain Storage and Handlin ' in Tropical and Sub-
tropical Areas, Sections 4, 3, ¥, and Appendix C

Degesch Principal Storage Pests, a coler insect.
identification chart available from: Degesch, D-6000

Frankfurt {(Main) 1, Postfach 2644, Federal Republlc
of Germany

Regulations for local insecticide use

‘List of all locally available insecticides and theiy

suggested application and dosage

List of government and private insecticide outlets
and prices

Suggested Field Exercises

.-

Visit selected local farmers to practice insect 1dent1-
fication and infestation level determination techniqués

-~ remove samples from all accessible parts of store,
(i.e., top, bottom, sides) examining samples to
determine type of infestation and desirability and
type of treatment reguired

~ observe and discuss local insect control methods

with farmers to determine farmer awareness and
interest

Visit area grain markets for similar insect identifica-
tion and infestation level determination-

Practice the application of all local insect control
methods

Develop posters and simple instruction booklet for
insect control methods extension

. Visit grain warehouse or dock storage to examine and

practice bulk insect control methods
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Insects represent one of the most prevalent and destructive
causes of stored grain loss. In order to most effectively con-
trol them, a basic undersatanding of their physical characteristics
and biology is required. Such information permits the correct
use of insecticides as well as other more simple znd less poten=
tially dangerous insect control methods.

The choice of insecticides must reflect practical and economic
considerations as well as an awareness of their potential dangers
to the environment and to both the people using them and those
who will eat the grain. Insecticides are poisons, some more
dangerous than others. They are commonly misuszed, especially in
developing countries, sometimes with tragic resulits. BSuch trage~
dies are avoidable through education. ecause insecticides are

often so vital to the success of 'a grain storage effort, it is
critical that Peace Corps Volunteers know their proper use.

The Source of Infestation

Grain may become infested in a number of ways. In many grain-
growing regions, infestation starts in the field.before the crops
are harvested. This is particularly true when the rice weevil
and other insects are abundant in the field at harvest or where
loosely constructed farm storage perxrmits insects to move from
stores to the fields or from unused grain bags back and forth
to fields and nearby stores. Insects are generaliy more of z
problem in tropical climates where they wait out the non-growing
season in loose grain in the fields. - :

In addition to field infestation, there are several other
important sources of infestation of stored grain. Grain is
customarily stored in the same bins, sacks, or warehouses year
after year. The cracks and crevices of wooden binsg, for example,
£ill with dust and broken grain and afford places of concealment
for insects. If these containers are never cleaned, insects
later emerge in enormous numbers. Thus fresh grain guickly be-
comes infested. ‘ _

Uninfested grain should not be placed for storage or shipment
in sacks previously used for grain storage unlesg they have been
insect-sterilized by heat or fumigation. Sacks may be heat-treated
by boiling; sunning is also partially effective. On a thatch, sod
or clay roof, it may be relatively ineffective. .On a hot metal
roof, it may be 100% effective. ‘ !
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In any discussion of controlllng insects in grain, we need to

'fecognlze that the insects we are deallng with exist all over the

world in other food and feedstuffs, in food refuse and in nature .
unrelated to people's grains and foods. .These existed in nature long

before there were stored grains. Because insects exist outside
of stored g;aln sariitation and the use of tight storage bins are

extremely important factors in their control in grain stores.
Unless each storage gite is cleaned, the insects will be there
waiting. Unless it is closed tlghtly, the insects will move in,

and the grain will require repeated inspections and probably
treatments.

Insect Biology

There are many control procedures available. Before selecting
the best possible technique, an understanding of insects znd the
relation of controls to biological factors is essential. Insect
control consists of a combination of many interrelated factors.

In the tropics beetles and moths are generally the most com-~
mon insect pests causing losses and deterioration to stored food
grains: in some areas temites and ants may also be a significant
problem. »Among the insects which live in stored food grains, a -
few begin their attack several weeks before harvest. There are

. other species which are unable to attack until the crop is almost

dry or during the postharvest field drying period. &as drying
advances, certain of the insect pests are eliminated because there
is no longer enough moisture available to support their needs.
insects do not breed successfully in an environment where the
relative humidity is maintained at less than 40% or with tempera-
tures below 10°C. As the temperature and humidity conditions
diverge from the optimum, the time taken to develop from egg to
adult increases, and the number of eggs laid become fewer. Some
species -tolerate the high humidity conditions with which fungi
are aSSOC1atea, principally because they are mold feeders or
require that the produce be decomposed by mold development in
order to be suitable for them to eat. Most species do not toler-
ate prolonged temperatures above 420C,

Insects have six legs. They have a hard outer skeleton or
skin called the cuticle. The body is divided into three distinct
regions: the head, the thorax, and the abdomen. In adult insects
the head has mouth parts for biting and sucking, large compound
eyes, and two antennae or feelers. The thorax carries the three
pairs of legs and usually two pairs of wings. The abdomen contains
part of the food canal and the reproductive organs. The adult
insect lays eggs loosely in food, cements them onto food grains,
or bores a small hole with its mouth parts in which an egg is
securely laid. The egg develops and hatches a small worm-like
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larva, which is unlike the adult. The larva feeds, but in order
to grow, it must cast or shed its skin in a process called molt-~
ing. This process of feeding and molting continues until the
larva has reached its maximum size. At this stage it stops feed-
ing and may form an outer shell or in the case of moths spin a .
shelter or cocoon in which it changes shape and becomes a pupa.
The pupa, which may -look like a folded~together adult insect,
remains immobile and does not feed; it develops jinto the fully
formed adult insect which will push or bite its way out of the -
covering. | o o

Since it is very difficult to see the eggs or thé very young
larvae of insect pests, and since they do not leave large holes
in the grain, the farmer may assume that grains and kernels are
uninfested. However, the presence of a few adult insects walking
on or flying over. stacks or bulks of produce usually indicates
that there are many more insects inside the bulk of -grain.

“Under good conditions insects breed very quickly, the life
cycle from egg to adult being completed in a few weeks and each
female insect laying a large number 0f eggs. Under ideal tempera-
tures and humidity (289C and 65-80% relative humidity) and with
adequate food, a pair of flour beetles is theoretically capéable
of increasing to millions in six months.

Tdentification of Major Insect Pests

With some careful practice, Volunteers can learn to identify
the most common insect pests. Local entomologists or plant
storage protection officers are likely sources of information and
instruction. The Peace Corps/VITA Small Farm Grain Storage Manual
has black and white pictures of common grain insect pests, and

both the Degesch color insect chart and the FAO Handling and
- Storage of Food Crains. in Tropical and Subtropical Areas may be
helpful for Volunteers who wish more detailed information. For
identification purposes it is best to place dark-colored insects
on a light surface such as a piece of white paper. ’

Selection of Insect Control Methods

The selection of a control method is influenced by many
factors: :

- Temperature
"~ -Moisture
- Type of storage

- Type of insect
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Length of storage

Price of grain and .insect control.

Temperature

As already stated, insect pests of gtored grain have certain
temperature and moisture requirements which directly affect theix
proliferation as well as their ability to damage grain and resist
chemical control. As a group, grain-damaging insects are mostly
©of subtropical origin and 4o not hibernate. They have developed
little resistance to low temperatures so that in cool areas they
are rarely abundant enough to cause serious damage to stored grain.
Temperatures that are not immediately lethal indirectly do cause
the death of many insects by rendering them inactive and prevent-
ing them from feeding. : : ’

-

While each species has its own low temperature dormancy level,
most of the grain insects slow down appreciably below 15°C. This
also means that the uptake of fumigants or other protectants is
slowed, and higher dosages are required. Moreover, the insects
will move back into cracks and crevices and become less active. -
By 109C, while the insects are not technically dormant, activity
is further depressed and mating and egg-laying usually stop. At
50¢ true domancy occurs. However, mites continue to be active
down to 59C if the moisture level is favorable. '

Subject to certain upper limits, the rate of development and
reproduction of all grain-infesting insects increases with rising
temperatures. A grain temperature of 210C is considered to be
favorable for insects. At 219C or higher, severe damage to stored
grain from insects may be expected whereas below 16°C serious
damage is not likely to occur. Temperatures above 359C 'shorten
the adult life span and are unfavorable for the reproduction of
most grain-infesting insects. Temperatures above 389C cause the
death of some insect pests, and temperatures of 60°C kill them
all.

Moisture
~ Grain moisture is an important factor in the life of insect
pests because they depend on their food supply for the moisture

needed to carry on their life processes.. Up to a certain point,’
increasing the grain moisture favors a rapid increase in the
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number Of insects.- Beyond that point, microorganisms take over
and destroy them, except the fungus feeders. At the point that
microorganisms take over, the affected grain is totally destroyed
as well. If the moisture content of the grain js low, the water
required for carrying on vital life processes must be obtained

by breaking down the food reserves in the fatty tissues of the
insect's body.

Moisture requirements dszer with different species of insects.
. Weevils are unable to reproduce in grain with a moisture content
' uelow 9%, and the adults soon die. agdult rice weev1ls noimally
survive for only one week in 8% moisture, wheat at 29°C; at 9%
moisture, about 70% die by thred weeks, and few live for more
than seven. !

Type of Storage

Storage types can be broken down to closed and open storage
systems. Sealed gourds, metal bins, barrels, undergound pits,
and some mud bins are examples of closed systems. Open systems
are generally more varied including thatch baskets, open piles,
bunches hanging. from trees, and piles above cooking fires. Note
that closed systems are not necessarily hermetic.

. Closed systems keep insects already infesting the grain fram
escaping and keep insects outside the storage container from

- entering. Open systems permit the movement of insects in and
out of the stored grain. Open systems are most common in areas
of high humidity where grain does not dry naturally to levels

low enough to permit closed system storage without danger of
mold growth and rot.

Closed systems permit the use of both fumigants and contact
insecticides while open systems can only be treated with contact
insecticides unless they are enchsed with some type of gas-tight
envelope such as a plastic tarp, which permits fumigation. Fumi-
gation of open storage systems without the use of some form of
gas-tight envelope 1s not only ineffective in killing insects in
the grain, but also can be lethal to .people and animals.

*,

",
\

Insect Type

The type of insect pest znfestzng a bulk of grain will some=
times determine the type of control method to be used. 1In general,
fumigation and airtight storage is effective against all types of
grain-infesting insects. The Angoumois grain moth, because it
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can only penetrate some 10 cm into the grain mass, can be con-~
trolled by a surface sSpPraying or dusting with a contact insecti-
cide. The insecticide information sheets in the Peace Corps/VITA
Small Farm Grain Storage Manual gives details of the insects
controliled by some of the most common insecticides.

Length of Storage

Grain which farmers intend to store for only - a few weeks or
even up to three or four months may not require any form of insect
control other than the standard measures of cleaning the grain
containers and good sanitation measures around the storage sites.
Local farmers often know how long grain can be stored without
insecticides before major infestation -build-up. This is often
the time when farmers decide to sell their grain, passing the
impending infestation problenis on to socmeone else. 3Ideally, to
reduce insect-caused grain losses throughout the entire pipeline,
insect control measures should be applied to all stored grain when
it is first put into storage. However, this is not always in the
economic interest of the farmer. 1If grain is to be stored by the
farmer for three months or more, insect control measures such as
the use of insecticides or airtight storage are generally required
from the time the grain goes into storage. Grain is treated far
more effectively when it is first put into storage than after the
infestation level has built up during the first few months.

Price of Grain and Insect Control -

The economics of insect control are difficult to accurately
calculate due to the difficulty of projecting the estimated
grain and financial losses due to expected: insect infestation.
On the other hand, the cost of one or repeated treatments per
ton of grain, including labor expenses, can be readily calcu-
lated. This cost may then be compared to the equivalent gquantity
of 'grain of the same value. Farmers will often find this to be
the most persuasive argument in favor of insect control, as the
cost of insecticide per ton may be very favorable. It is certain-
ly worth comparing the cost of various alternative insecticides
to insure that farmers are using the most economical chemical,
keeping in mind the relative effectiveness of each chemical.

Insect Control Measures

Except for the mixing of clean grain with infested grain or
‘the presence of nearby materials literally crawling with insects,
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infestations usually start at a comparatively low level. Even
under favorable temperature and meisture conditions, a second
generation of insects takes about a month to become active and
start multiplying. The essence of preventing 'ingect-caused
losses to grains is to prevent the infestation from the start.

Note, however, that camplete’ exclusion 18 almost impossible in
most countries today.

GCood Housekeeping

Sanitation on the farm in dryers and silos will do much to
prevent infestation and to reduce losses. It is essential that
c¢lean, insect-free, and weatherproof -storage bhe provided frem
the very beginning and that nearby sources of infestation be
eliminated.

Concrete bins and metal bins with tight seams are readily
cleaned. Wooden bins or loose metal sheathing around sacked
grain need to be cleaned as thoroughly as possible and then
sprayed with an appropriate insecticide. . Refer to the Peace
Corps/VITA Small Farm Grain Storage Manual for information on
insecticides for the treatment of storage sites and bulk grain.
When cleaning and before spraying or dusting,. remove all waste
grain and feedstuffs. Be sure to clean out any machinery no
matter how simple or complicated. Remove all residue from the
premises, use it for feed or-burn or fumigate it.

Dockage, which includes ghaff, broken stems, husks, grain
dust, and other impurities, greatly encourages the development
of insects in stored grain. Dockage also tends to absorb and
retain moisture and prevent aeration. Thus, it must be screened
or sifted out before storage. '

Making the Storage Container Weathertight

Any holes in the roof should be repaired to prevent rain from
entering. Windows, vents, and evacuation shoots should be pro-
vided with means for closing during periods of rain or designed
to prevent rain from entering. Doors should likewise be protected.
Good d%ainage should be provided around the exterior of the
building, away from the storage container, particularly at the
joint between the walls and the floor to prevent seepage from
beneath the floor.

Areas surrounding storage facilities should be maintained
free of accumulated debris, grain and grain product residues, -and
equipment. This should be a part of the routine housekeeping
program. Furthermore, at least one meter around the entire
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storage facility should be kept free of vegetation. Such measures
will also help control rat infestation. - s

Bags should preferably be stored up off the floor on wooden
supports or be hung from the ceiling or roof. They too need to
be cleaned and treated with ingectjgide before use. The peace
Corps/VITA Small Fam Grain Storage Manual gives details on the
constrniction of sack storage pallets. " Sanitation in a warehouse
means Stacking sacks 60 cm away from the walls so#that inspections
and clean¥nds can go around the entire bulk of grain and so that
fumigation taxps can be properly sealed. Sanitation in warehouse
storage means cleaning floors whenever a lot is moved and before
another is stored in its place: It means a constant cleaning and
policing of the building and of the surrcunding arga so that the
problems due to insects fram nearby residues and debris will be
kept to a minimum. : .

InsecticidEmTreatment-of Storage Facilities and Grounds

Insecticide treatment of storage facilities and grounds will
be of little help in insect control unless the areas are firsat
cleaned so that the chemicals can’reach the structures and
grounds themselves. Walls and other gtructures covered with dust
and debris can be treated with pestic:de chemicals only by apply-~ '
ing them in exce551ve amounts.

Insectlc;des can be brought into contact with insects in two
ways. First, insecticide sprays or dusts may be mixed with grain
or applied to room.areas and surfaces such as walls, floors, etc. .
The insects walk over the surface -and thus contact the 1nsecticidd
This type of’ application is commonly yeferred to as residual '
spraying or dusting, especially if the specific contact insecti- ¢
cide used remains effective for-a long period of time. Secondly,
an insecticide may be released into the atmosphere as a gas.

This method is referred to as fumigation,

Many insecticides are available though relatively few are

safe for use on stored grain and it is 1mportant that the
appropriate .ones be used. This ig true not only from the stand-
point of effectiveness in controlling the insects, ‘but also from
the standpoint of_ human safety.- All pesticide chemicals are poten-
tially dangerOus, especially those related to food product storage.
Therefore, the least hazardous chemicai should be chosen.

-

Residual insecticides are ccmmonly available in two forms:
liquids *and dusts. The dusts may be in the form of powders,
either directly z2pplied to surfaces or mixed with water and N
sprayed on. The liguids are usually diluted with water or highly
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refined o1ls for appllcation They a:e‘QEneXQll applied by
cither hand-pperated pressure sprayers of motoxngrive pump wnits.
For vertical surfaces they should be diluted %o the point when
the liguid.would begin to run down the vgrtiéhl surface. On
horizontal surfaces thesgpray should not form puddles or pools.

In treatment Of storage facilities such as bins and. ware-
houses and the surrounding areas, the following materials and
procedures are recomnended:

Pagticide Chemicals

1} 1/2 liter 57% malathion emulaifiahle concentrate in
16 liters of watex, or

2) 1 liter 25% methoxychlor emulsifiable concentrate int
8 liters of water, or

"3} 1-1/3 liters of 6% pyrethrin with '60% piperonyl butoxide
in 1 liters of water...

Procedures,

1} Sprav 8 liters of diluted insecticide pex 100 square
meters of surface area.

2}  Spray the inside of cleane& walls of buildings to at
least a height of 2 to 2I-1/2 meters, or higher if easily
reached with the sprayer. This is especially important
if walls are rough-textured or have numerous cracks or
joints in them

1y Spray ciaanpd flaors cf storage areas giving special
attention to the areas along wali-floor junctures and
cracks of joints in the floors which may harbor insects.
- ! - . L )
4} Spraying on the exterior of the building should include:

al the ¥rounds, to a distance of about 2 meters from
the bullding. .

) the billars lor supports), if the building is .raised
of# the qround, and ‘an area of 8 few feet around the
underside of the fliocor at the support.

¢} the ercire undsrside of raised wooden or concrete
{if is poor repair) floors.
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Frequency of Treatment

1) Metal bins with caulked seams can be cleaned so as to
leave almost no food or insect resicdues. Spraying with
malathion or methoxychlor about two weeks prior to placing
new grain crop in the bins should be sufficient treatment
for the structure. From then on, watch the grain.

wood, mud, or thatch bin cleaning is more difficult and
is often less complete. Spraying of the bin with gala-
thion or methoxychlor shouléd be accoemplished each time
hefore the bin is filled with gxain.

(2%

31 warehouses should have walls, £1l0o0rs, and overhead zreas
thioroughly sprayed once each year prior to receiving the
new crup. In addition, whenever stacks of gr-in are
.umigated' the floor and wall areas surrounding the stacks

should be sprayed immediately prior to the fumlgagibn

When the fumigation tarp iIs removed, insects ha red in

and on the walls and floor will otherwise cause reinfesta-

tion problems. Whenever a storage bag or area is emptied,
the aresa should be thoroughly cleaned and sprayed using

an appropriate ingecticide before any other qrain isg

stored in the area.

Insw2ticide Treawment of Bags (Sacks)

S major problem in many regiSﬁs is the handling of grain,

iz, and cercals in used bags. [ Al]1 woven bags, whether burlap

polypropylene, will harbor indects. Plastic bags will be less
=f a urobl;m than burlap, but they toc hold grain debris between
srd among the fibers, in the ueavé and at the seams, where
cpervs live and feed, .

o impossible to clean burlap or polypropvlene bags. When
ey are empicoyed for grain, they should be treated with insecti-
15 o ki1l the grain.insects harbored in them. While it is
roue that grain insests can be killed by exposure to 60°C for ten
minutes, real care is required to attain and maintain this tempera-
~ire by the usual sun~heating procedures. In manpy rural areas
2 farrly good job is done by spreading used bags as well as
yrain in the sun on rwofs, parched land, or patios, but usually

not 411 insects are destroyed. In addltzon, scme of them are
merely driven.ints the s0il or into the buildings under the roofs
and remain in the area as a potential reinfestaztion problem.
Congequ ent;., the only completely reliable treatment for woven
bags 1% by means ¢f pesticide treatment or boiling the bags in
water Borling has the possible d;sad?an*aqe of weakening zertaln
wypes of hurlap or plastic weave bags. A few sacks SHD&Ld ua
pretested to deuerque any negative effects of the ballins heforz

treating iarge lots of used bhags.
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Non-Chemnical and Traditional Insect Control Methpds

There are a variety of traditional methods to control insects
in stored grain, including sunning, the mixture of certain crushed
or ground plants with the grain, the mixture of sand or wood ash,
smoking grain over cooking fires, storage in airtight containers,
and the storage of unthreshed grain with the ingsect protectant
husk left on. The Tropical Stored Products Centre in Britain
has done extensive investigations into the use of such methods
and is an excellent rescurce. Specific subject requests for
information should be "addressed to:

Tropical Stored Products Centre

Tropical Products Institute

London Road

Slough, Berks SL3 7HL, England
The Peace Corps/VITA Small Parm Grain Storage Manual gives o
detail in the use of the above traditional storage methods in
Section 6, Part 1. 2additional detalils may be found in Section 8
of the PAD Bandling and Storage of Food Grains in Tropical and
Subtropical Areas.

The function of various traditional insect control methods
iz not always clearly underatcod due to the unknown properties
of the wide variety of local plants which may be mixed with
stored grain. There is also a distinction between methods wiich
actually kill insects and those which inhibit infestation by
driving insects out of the grain or making it difficult for
insects to attack the grain. Methods which actually kill the
insects are generally preferable although infestation inhibitors
should not he overlooked or discounted.

Sunning grain kills some insects anpd drives others out of it.
» 9% mo§sture content or leas in grain (i.e., in very well-dried
grain} M1l kill mest insects or cause dormancy due to lack of
adeguate molisture for reproduction.

The mixture of certain local plants in ground, crushed or
sowdered form functions as an insecticide and/or an insgect
inhibitor. ©Others, though traditionallg used, may have little
appreciable effect. Research needs to be done in this area as
it is concelivable that effective insecticides can be derived
fron these traditionally used plants. (It is suggested that the
Peace Corps Volunteer actually try out the method in some grain
xept under his/her control before recommending for gensral uze.)
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The mixture of sand or wood ash with grain acts as both an
insecticide and an insect inhibitor. fhe sharp edges of the
sand or wood ash scratches the waxy coating of the insect's body
causing it to lose moisture and dehydrate, This method ig only
effective as an insecticide when uséd with dry grain at 9-10%
moisture content or less. If used in more moist grain, .the sand
and wood ash function as inhibitors by f£illing the inter-granular
spaces in the grain bulk, and slowing the movement of insgects
from one grain to another.

The smoking of grain stored above cooking fires is effective
through the continual drying and heating of the grain, which are
wotk insecticidal and insect-inhibiting. The smoke itself-may .

be insecticidal in-very heavy concentrations thou re likely
it is5 simply an insect inhibitor. '

There are many forms of “@airtight contaifiers, though they are
traditiocnally rather small and often restricted to seed storage.
Gourds may be sealed with tar or resin. In some regions the use
of o0il drums and kerosene tins is becoming increasingly more
common as a form of airtight storage. Some underground pits may
be airtight as well. Airtight containers are insecticidal, kill-
ing off all insects through gradual asphyxiation. The build-up
of carbon dioxide and the depletion of oxygen is a gradual process
whirch will depend on the numbher of insects in the grain, the
grain moisture content and its resgpiration level, and the volume
of the container not filled with grain. Generally, the asphyxia~
*ion of insects will occur after about four months.

The storage of unthreshed grain is common for both maize and
r:nn, where the natural protection of the husk offers insect-
inh:bliting 2dvantages. WNeither maize or rice husks completely
‘'shut out insect infestations although they are significantly
more effective than storing husked grain without ingecticide.
The development of new maize varieties which have looser husks
hag brought about new storage difficulties as insects find much
easier access tc the grain kernels through the more penetrable

nuEKs,.

insect Control with Chemical Insecticides

Trere are many chemical insecticides which effectively kill
insects, However, there are relatively few which are safe for
use on stored grain or in asgociation with any food product.
ks discussed ¢arlier there are contact insecticides which may
e in the form of liquids or dusts diluted before application,
dusts applied directly, and fumigant gases. The pumber of insecti-
cides which are lozally available may be large and varied tnougn
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those which axe suitable for grain storage will be much more
Timited. 1nsecticides not intended for use on food products are
commonly misued in grain storage. Volunteers may find that this

is a major local problem requiring immediateé attantion. The
insecticide information sheets in Section 6 of the Peace Corps/
VITA Small Farm Grain Storage Manual gives application dosages,
trade names and insects controlled by seven of the most cgmmon
insecticides recommended for use in stored grain, in grain storage
equipment, and in storage buildings and surrounding areas. De-
tails are provided for a much wider variety of insecticides in .
appendix C of the same manual. When in doubt as to the recommended
dosage, application method, or safety of any insecticide, contact
the local government office in charge of plant protection or grain
storage. Do not rely solely on the judgment of private insecticide
outlet salespersons as they may be misinformed or inclined to
provide information which would increase their insecticide sales.
Insecticides should always be clearly labeled with dosage and
application instructions as well as their composition. Insecti-
Zide containers should never be reused for any type of food
storage or preparation or water vessel. 1nsecticlde dosages should
be carefully respected, keeping in mind that increasing the dosage
may not only be costly, but also dangerous.

Instructions for dusting, spraying, and admixing insecticides
and for grain fumigation are included in the Peace Corps/VITA
Small Farm Grain Storage Manual. Precautions for the treatment
of polisin victims should be included in instructions to extension
workers, farmers, and Volunteers.
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“P. Rodemts and Their Control

Major Subject Areas

[
I
1
1

- Principal rat species 1

Rodent food consumption needs and patterﬁs
- Basic rodent biology I
- Rodent-proofing

- Rodent poisoning

- ‘Rodeht trapping

- Rodent fumigation

Training Objectives

- Volunteer will be able to identify local rodent species

~ Volunteer will be aware of basic rodent hiology and be
able to convincingly discuss the rationale for control
of rodent food supply as the most successful léng-range
rodent control measure

- Volunteer will be aware of trapping procedures and be
able to demonatrate the use of locally available traps

-  Volunteer will be completely familiar with locally
available brands and types of rodenticides, their
prices, distributors, application dosages, and hazards

- Volunteer will be able to supervise rodenticide applica-
tion and be fully aware of dangers and limitations
inherent in rodent poisoning methods .

Suggested Resources

- Pewvce Corps/VITA Small Farm Grain Storage Manual, Section
6, Part 2

- FAO Handllng and Storage of Food grains in Tropical and ..
Subtropical Areas, Section 9

- Rat and mouse traps available locally

- Rodenticides available locally

- 73
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P. RODENTS AND THEIR CONTROL contd.

- Rodent fumigation equipment
- Living or dead rodent apecimens"of common local species

Suggested Traihing Exercises

- Vvisit fam storage sgites to 1dent1fy rodent runs and
infestation levels

~ Discuss rodent infestation and control methods
with famers..

- Ppractice use of traps, rodent—ptoofing, poisoning, and
fumigation

* * %

In spite of rodent control efforts dating to biblical times,
even today the rat population in any area is roughly equivalent to
that of humans. The genus Rattus has 570 named fommg--more than
any other genus of mammals. The Norway rat {(Rattus norvegicus),
the roof or black rat {Rattug rattus), and the house mouse (Mus
musculus) cause the most extensive damage. . Economic losses due
to roHe?ts are so large and so widespread that they defy prec;se
estimation,

Rodents will gnaw through almost any object in their path to
obtain food or shelter and to wear their incisors, which grow
continuously--about 1l0cm per year in the Norway rat. Damage
varies from place to place and year to year and fluctuates with
changes in rodent populations.; An eruption of rats occurred in
the Philippines during 1952-54 resulting in a reported 200 to
2000 rats per hectare. Losses totaled upwards of 90% of the rice
and 20 to 80% of the maize crops.

Rats eat about 10% of their body weight in food each: day and
contaminate a great deal more with their droppings and urine,

~ rendering grain unfit for human consumption. It is lmPOSSlble

and undesirable to make a distinction between storage rodents and
those in the total environment. They move®*in and out of humans'

immediate ecology. This resiliency is precisely what makes them

such fomidable enemies.

Rodent Biology

Preventing losses to or contamination of stored food grains
by rodents depends upon four factors: environmental distribution;
the pressures of the population; migration and transportation into
controlled areas; and population dynamics and biology. The life

7
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P. RODENTS AND THEIR CONTROL contd.

of the average rat or mouse is fairly short, and the younq mature
rapidly. -The gestation period of the Norway and roof rats is 22
days, and that of the house mouse is 19 days on the average.
Female rats and mice can mate within 48 hours after they have
borne young. If a female is nursing young and is also pregnant,
birth of the new 11tter may be delayed by as much as a week.

Large litters are the rule though frequently some . of the new-
born are killed and eaten. DpDisturbance of the nest by other
rodents may cause litter destruction either by the mother or by
the invaders. If the nest is disturbed, the mother may move the
young, which reduces their survival rate. -For about three weeks,
the young depend entirely upon the mother for food. They begin
to take solid food in the middle of the third week.- They can
then live away fram the mother if necessary, Reproduction can
occur at the age of two to three months.

There are daily patterns of activity among rats and mice.
Wwhen food is- abundant, the rat shows the greatest activity during
the first half of the night, becoming most active at or shortly
after dusk. This activity continues until about midnight. The
house mouse has a similar pattern of nocturnal activity, and
has a second, lower activity peak starting well after midnight
and lasting unt11 dawn.

Rats and mice often carefully avoid strange objects, even
strange food. This reaction is the basis for many beliefs about
the "wily" and "intelligent" rat. Rats may avoid a new food for
several days, and when they do begin to-eat it, they may do so
only in small quantities. If such amounts contain a sublethal
dose of a poison that only makes a rat sick, the avoidance reac-
tion is strengthened. This is the blologlcal basis for pre-~
baiting with unpoisoned bait before poison is added.

Roof rats and the house mouse are notoriously good climbers.
They can climb any vertical surface where they can get toenail
holds. Rats can reach 30cm up a wall. They can also do a
standing high jump of almost 60cm, and with a running start and
a bounce can clear nearly a meter. Therefore, allowing for a
safety factor, the clear distance for rat guards should be a
meter. The house mouse can do a running jump of 60cm. Rats and .
mice are good swimmers and can pass through drains, under water, '
and through sewers

Rodents will nest in any safe spot close to food and water.
The Norway rat is a good burxyower! the roof rat prefers the upper
reaches of structures. Mice will burrow or not, depending upon
the nesting availability. Rats can tunnel down two metexs in
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P. RODENTS AND THEIR CONTROL contd.

soft earth. Rats digging underground aleng a wall will keep close
to the wall, unless they meet an obstruction, The construction

of a horizontal lip underground extending out from the wall will
force them to give up and stop their digging, ,

Rodents will eat almost anything, but do have decided prefer-
ences. They like meat, grain, grain products, eggs, and potatoes.
Rodents have an excellent sense of touch through. their face
whiskers and longer guard hairs over the bedy. Vision is not
as well developed as is that of humans, and they are color blind.
They have a keen sense of smell, recognizing other rats, rats of
‘the opposite sex, and strange rats,

The Peace Corps/VITA Small Farm Grain Storage Manual, Section
6, Part 2, gives details on specles variations with diagrams of
the Norway rat, the roof rat, and the house mouse. A diagram:
for the identifcation of rodent droppings is also included.

Since rats and mice generally occupy only a limited area, they
may use the same pathway many times. Outdoors or on earthern
floors, these runways may appear as clean-swept, well-packed
paths 5 to 8cm wide. 1In dusty areas, ranways may consist of
tracks made in dust by passing rats or mice. In many areas, rats -
and mice leave dark smears or marks from the natural oils and
dirt on their bodies when rubbing against objects. Mice runs
may otherwise be difficult to locate because they are gmall and -
often very faint.

Rodent-Proofing

The rodent-proofing of each individual structure or bin pre-
sents its individual problems. Recdent-proofing should be custom-
designed for each structure. First, the exterior of those parts
of the structure accessible to rodents must be constructed of
materials resistant to the gnawing of rodents, and all openings °
must be either permanently closed or protected with tightly fit-

" ting doors or with screens of lcm mesh or less. Generally, the
cost of rodent-proofing will amount to less than the loss caused
by rcdents during a single yepr. Details and diagrams on the
installation of rodent guards for grain cribs are presented in.
the Feace Corps/VITA Small Fayxm Grain Storage Manual.

Rodent Poisoning

There is a lack of consensus among experts as to the recam-
mended poison and bait. Rat poisons come in two general forms:..
single-feeding dosage poisons and multiple-feeding anticoagulants.-
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P. RODENTS AND THEIR CONTROL contd.

Baits are selected for rat preference as well as other factors.
Ligquid baits are useful where the normal sources of water for
rodents are either limited or wholly absent, sometimes with the
‘addition of not more than 10% sugar to the water to improve
acceptance. Of the solid baits, moist baits are generally better
accepted than dry ones. But moist baits may spoil quickly in hot
weather, making it advantageous to use dry baits such as a cereal
with sugar and an animal Or vegetable fat added. To prevent rats
from dragging poisoned bait off to other areas of the store,
thereby contaminating clean grain, the bait should be finely - '
pulverized. The Peace Corps/VITA Small Farm Grain Storage Menual

.. gives details on the placement of baiting stations and the selec-
tion and dosages of various common rodenticides,

Rodent Trapping

Rodent traps are recommended to avoid the danger of poisoned
baits, to avoid the odor of dead rats, and to eliminate bait-shy

rats. Traps can be rather costly and require careful placement
and management.

The most commnonly used traps are the snap trap and the steel
trap. Snap traps, sometimes called wood traps or breakback traps,
hatre -a flat base. They kill by means of heavy wire, actuated by
a Sprlng released by a trigger. Steel txaps have a platform trig-
ger and two steel jaws which are snapped together by means of a

single\ flat spring. Steel traps with approxxmately 9cm jaws are
effective for rats.

Usually the catch in any type of trap will be best the first
night, prov1ded the traps are carefully placed. If a rat is
caught in each trap the first night, not enough ‘traps have been
placed. Because. rats quickly become trap shy, trap location
should be changed frequently. Traps require servicing at least -
daily and should have fresh bait. Many persons believe that the
trapper must wear gloves when handling traps to avoid leaving
human odors, but these odors do not deter rats, which live in

"close association with humans. It is also unnecessary to wash, boil,
or sterilize traps to remove the odox of prev:ously caught rats.

Snap traps may be used unbaited if the bait pan is enlarged to
provide a platform on which rats may step to release the trigger.

It can be enlarged by fastening a 3cm piece of fly screen or card-
board securely to the trap trigger or bait wstainer. The trigger
must be placed directly in rat runs since there is no bait to lure
rats. Boaxds, boxes, or other obstructions should be placed be-
side or immediately behind such traps to guide rats into them.




p. RODENTS AND THEIR CONTROL contd.

Rodent Fumigation

Fumigation is an excellent means of quickly eliminating
rodents in a sealed building, the hold of a ship, a boxcar,
grain elevator or sealed bin. However, the use of fumigants
iz extremely dangerous and even the ‘least hazardous ones should
be used only by trained workers. The fumigants most commonly
used are hydrogen cyanide, methyl bromide, and phosphine.

Gassing of burrows is used as a supplementary measure for
killing rodents. It should not be attempted by untrained
operators. Calcium cyanide dust can be blown into a burrow
system. It is not, however, effective in extremely dry ground
because some moisture is needed to convert the dust to gas. The
nearby ground should be observed closely for escaping dust from
other holes in the burrow system. These holes should be quickly
closed to prevent the escape of either gas or rodents. Burrows
may be reopened by rats shortly after they have been gassed.
This represents either a failure of the gassing operation or a
new rodent infestation and indicates a need for re-treatment.




Q. Recognition of Storege Probloms in the Figid |

LI

Major Subject Areas

- Sources of 1nformat10n and informants to reveal storage
~ problems

- Use of survey and interview for information gathering‘

- Responses {0 storage problems

Training Objectives

- Volunteer will know the possible sources of 1local and

regional information and lnformants for grain storage
problems

- Volunteer will he able to conduct informal storage
surveys with individual farmers and analyze observations

and responses for likely graln loss 901nts and potential ,
preventlon measures ~

-  Volunteer will be familiar with the control methods

traditionally used by local farmers to reduce problems
due to heating, mold, insects, rodentg, theft, etc.

Suggested Resources

- Reports from local or relevant regioﬂal research and
extension projects for storage loss assessment and
storage method design and field trials

- FAO Handling and Storage of Food Grains in Tropical and
Subtropical Areas, Section /, Appendix A

- Post Harvest Loss Assessment Methods, Chapter III (AACC
publication available from 5340 Pilot Knob Road, St. Paul,
Minnesota 55121, u.S.A.

Suggested Training Exercises-

- Conduct survey interview with other trainees in local
language, then with selected, farmers

-  Take specific examples of problems cited by farmers and
list all possible solutions with critical assessment as
to probable viability, practicality, cost, and likeli-
hood of farmer acceptance
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Q. RECOGNITION OF STORAGE PROBLEMS IN THE FIELD contd.

Too often traditional or peasant fammers have been agsumed
to be basically ignorant, at the mercy of an often unfriendly
environment, and generally in need of modern, mechaniZed itech-
nology. | Fortunately, development specialists are coming'to
apprecia both the great wealth of knowledge and intelligence
of traditional fammers and .the idea that traditional farming and
storage methods may be logical, practical, scientific, and e ffi-
cient in terms of available resources and environmental cendi-
tions.

Given the initial recognition that farmers are probably making
relatively ‘effective use nf the resources at their disposal, the
development worker Or Volunteer who wishes to help improve local
farm level storage methods must be a careful observer and design
or recommend changes with delibexate attention to their practical-
ity, feasibility, and general appropriateness. Simple, inexpen-
sive alterations or modifications are likely to be more easily
accepted and adapted than more ‘invelved, complex, or expensive-

ones. Finally, any changes must obviously respect basic storage
principles. ' '

There are four principal sources of identification of storage
problems upon which the innovative Volunteer may expand:

1. The storage method survey presented in Section D of this
Handbook can be used as a guide ‘to identify local postharvest con-
ditions, storage and drying methods, and potential problem areas
which the Volunteer might address. Remember that many questions
and answers already exist in the area you are improving. Seek

out local thinking comparing the ideas of innovative farmers and
extension agents.

2. The results of local research for the design of improvecd
harvesting, drying, storage, or processing methods can be an
indication of locally recognized postharvest problems.

3. Past or ongoing extension efforts may have identified-
improvements which can be expanded upon. '

4. The non-availability of storage resources can identify
storage problems as well as Volunteer projects. Access to insecti-
cides, cement, wire screening, credit, favorable markets, etc.,
necessarily deteunine the range of a farmer's choices regarding
postharvest methods. :

Use of Survey

t;#—IEe use of a storage survey such as is presented in Section T
i11

elp to reveal specific storage problems in addition tG orher
portant social, cultural, and behavioral factoxrs such as:
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RECOCNITION OF STORAGE ' PROBLEMS IN THE FIELD contd.

Farmers' recognition of storage problems

The resources farmera have at their disposal
The degree of farmer sophistication in understanding
storage problems and storage pruncxplea .

The level of farmer concern for specific storage
problems ]
o The degree of farmerlawareness of storage 'hility,
‘The observations and questibng recommend in theisgrvey
are 9eneral and applicable to a wide range6f postharvest condi-
tionz. As the Volunteer gains experiente and understanding of
local storage methods and farmer atr{tudes, mome specific
"questions and.questioning approaches will be identified. The
following guidelines are re ended for use of the survey

l. Be stralghtforward in stating that the purpose of the
interview or visit is to identify storage problems encountered
by farmers in an effort tO develop a pro;ect to help alleviate -
those problems.

2. Farmers may be reticent to dxscuss certain details con-
cerning their stored grain. It may be best to avoid any specific
questions as to the quantity of the total!harvest or sale prices
if farmers are concerned about the effect it might have on their
taxes,  jealousy from other farmers, theft, etc. The volunteer
should attempt to detect such reticence on the farmer's part
and will need to tailor the questions and approach of the survey
to assure that the 1nformants fee) free in sharing accurate
information.

3. The survey will probably be most useful if conducted in
an informal interview.or discussion rather than as a set of ordered
ques¥ions read fram a form. The Volunteer may find it helpful to
take brief notes, but should nrobably avoid recording IESponses
. on a form, ‘

l

4. Get a varied sampling of all types of famiers.

5. Faxmérs'may want advice immediately after sharing cheir
storage problems with the Volunteer. This is understandable,

.
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REOSOR TTION OF STORAGE PROBLEMS IN THE PIELD contd.
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am 14 14 probably best ki terms of the resulis of the survey
C:f fapmers ferl they afe getting sopething useful in yetum or
in a ridsult gf the time they spend in responding to the Volun-
: uestiong.  If there are reasonably certain improveme:nts

whioh ean be recommended, do not hesitate to make suggestiont.
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iy not the case, promise a follow-up visit, Then do just

making another visit some weeks' later. Even if no gpecific
mondations oan be made at the vime, farmexs ars likeiy o

T Rlae

morn Unproused and cooperative with a Volunteer who carss

EINH

‘o honor & promise fo visit agaln, .

LY yel 4o nobl know the Correct angwer to guessions farmers
g hat be af raxd o 3ay. 50, Profise fo jook into the

and rndn follow 2p with ancther visiv, oven if yvour

2131l dowes not answer the guestioh.

v eummtale s RIS =L A A b

snes Unlunteer interviews and observes a number of farmers,

serraan storage probloms mag begin to appesx with regelaritv.
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FEST: 0113 0

Graxn drying would eliminate mold problems and reduce
nseot abrack, but flrewood and fossil fuels for dryer
Hoeattag are prohibivively expensive.

sunning OF graan is difficult because of the labor
reguired Lo nove grain under shelter during the un-
prodictahle rains at hayvest time.
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2. ECOGHITION GF STORAGE PROBLEMS IN THE #IELD contd.

At first glance this set of interrelated problems does not have
sny immediately promising solutiorn, and indeed there will be
situations in which the Volunteer may be obliged to conclude that
the farmers are doing thelr best under the circumstances. Byt
before that conclusion cap be realistically made, all viable
options should be examined. The following is a list of common
storage problems and possible, though not exhaustive, potential
solutions. Nelther the problems nor the possible smolutions are
listed in any order of priority or fregquency of occurrence.
Remember tihrat some problems are unsolvable because of overriding
sccial, economic or technical reasons.

Srorage Problem , Potentizl Soiution
Pre-harvest losses due to birds, - harfest at earliest possible
monkeys, cattle, pigs, theft, date, attending to congequent,
L A drying problems - B
, - uge people (children) tc stay R
1 in the fields to chase away
pests \ : .

- establish cooperative agreament
among farmers to fence, tie, or
herd cattle, pigs, goats; etc.

Pre-narvest and field drying - {remember that rodent clukbing,
Ipgges due to rodents poisonl}ag, or trappihg in the
. field is impractical except in
the cases of huge population
invasions)
~ haxvest and bring grain in from
field at earliest possible date
- puild field-drying nlatforma
with 3t guards

Fre-harvest and tranﬁéort losses plant other less shattur-prone
due to shattering {(notably varieties -
certain bean and rice varlieties harvest 23 goon as possible

necome very fragile and fall from -~ seal gaps, jeints, or holes in
the stalk or pod when 4ry, blown transport baskets, carts, sacks,
by wind, or jostled during harvest ete., to reda spillage losses
and transport) . . in transport
Wind blows down stalks, and rats - harvest as early as possible
and rot gcause losses - plant varieties with shorter
stalks. or more sclid root
stiructure
83




S. BRCOMGMITION OF BTORAGP PROBLEMS IN THE PIELD contd.

5rorage Problem

Lapar required to harvest or
trangpart from field necessitates
leaving Jrain in field for a long
seriod, expesing grain to pest
animais and inzact pests

Cogr of firewcod or fosasil fuels
toc expengive for use in grain
dryng

4

set of dryer construction and/or
nperation toeo expensive for
pdividual farmer

fun-drying drfficult due to labor
reguirements f£or tuming grain or
moving under shelter during rains

Contamination during sun-drying
by wandering animals, dust,

" pebbles, etc.

84

potential Solution

-

organize famers for coopera~-
tive harvesting and transport
mechanize harvegt and/or
transport

uge carcs pulled by humans,
animals or mmall enginea to
transport in bulk (may reguire
ccoperative ownership or credit
purchase)

build temporary or long-term
storage gtructures in the field

uBe natural or improved golar
drying

improve efficiency of dAryer
fuel consumption with blowers,
reduced alir flow obstructions,
increase height of flue, etc.
burn husks or cobs as alterpa-
tive fyel

use open storage method permit-
ting increased moisture content
for aafe storage

use less expensive local materi-
als for dryer constmction
cooperative dryer ownership

work with govemmment on price
incentives for lowez moisture
c¢ontent in grain marketing

dry in thinner layers, reducing
need for turning

dry on black or dark surfaces
uge rakes {simple local manu-
facture) to turn grain

use covers %0 shelter drying
grain at night and during
rains

carefully sweep drying surface
before use

pen animals during drying
hard pack dirt drying floor
puild slightly inclined con-
crete drying patios (incline
for rain evacuation).

¢_ft, winnow, Or screen grain
after drying
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Srgrage Problem

Tha&ch; wot«i, or Special skills
tecoming -too expensive for dryer,
storage construction

#uiz nrain storage desirable, but
rulk shelling too labor demand- -

/ in/nanensive

-

A

“wirllina causnes grain Cracking
aned Gareeavacge with congedquent
irnmect and mold actack and
price reduction

et Long

=% in storage

L

Irs:ct I, .rs in storage

PECOCNITION OF STORAGE PROBLEMS 1IN THE FIELD countd.

Potential Sclution

cooperative construction/
ownership

redegign or treat structure to
reduce repair or reconstruction
frequency

replace expensive renewable
materials (ex. metal roof,
brick leq supports, mortar
lining of mué bina, etc.)

hand-held or hand-operated shellers
cooperative mechanized shelling
gradual shelling and bulk

ﬁ&orage

redegign shelling mechanism
for reduced grain damage
properly adjust snelling equip-
ment

experiment with other varieties
legs prone ©G breakage

shell at higher or lower
moisture

install rodent-proofing, e.g.,
rat guards, impermeable wall
construction with mortar layer,
fired bricks, wire screening,
broken glasa or stonhe layer in
wall or floor, metal guards
around filling or emptying
spouts

clear debris and drass from
around bin

clean up genexal village
situation

rodent-proof sources of water
rodent traps or poisons

{ remember limitations of E/%n}

dry grain more thoroughly
select only non-infested. ears
for storage

clean and disinfect bin and
equipment before storage

seal against inzect entry
use insecticides
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0.  pECOGHNITION OF STORAGE PROBLEMS IN THE FIELD contd.

#

Storage Prublem

[ 4

New varieties more susceptible
v innect attack

Termites or rotting destroy
wooden support frame of bin
requiring expengse 0f frequent
'epalv, replacement

Marketr prices toc low at harvest

srinding or processing removes
large percentage of grain food
“alue

Molding and rot logses on bin
floor

Potential Solution

-

treat with ingsecticides earlier

or more frequently

use new insecticide if there is :
resistance to present product

regular sun-drying to destroy

or drive out infestations

atoré above cooking fires

sell new variety harvest as

early as possible ’

txry other varieties

further breeding improvements -
gee insect control solutions

treat wood with creosote, oil,
insecticide, encase in concrete
footings

set supports on stone founda-~
tions

useé concrete or iL-ick support
poata

organize storage cooperatives

for later sale -
organize cooperative transport

to better markets

oroparly adjust gxinders,
ooliahera, etc.

encourage processes which use
whole grain products

develop and encourage new food
preparations which incorporate
previously unused processing
bi-products

control bin floor moisture

permeation from soil by eleva-

tion, coal tar or plastic

liners, etc. ; .




" A. Dasign and Fiald Testing of Improved Storege Technelogles

Major Subject Areas

- concept of Appropriate Technology

-  Guidelines for design of appropriate improved storage
technologies

- suidelines for field research trials

Tra1n1nl Ob)eCtIVﬁB

- volunteer will be able to make recammendations for basic .
design improvements of local postharvest methods and
structures

- volunteer will be able to set up and monitor field
regearch trials

- volunteer will be able to select farmers respecked in
the village who will be cooperative for field research
triale

Sgginqted Regources

- Peace Corps Information Collection and Exchange Refer-~
e¢nces on Approprlate Technology

- Pecace Corps/VITA Small Farm Grain Storage Manual, Sections
4, 5, 6, 7: Appendices D, E .

o,
—

- "L.T.F.K./RACC post Harvest Grain Loss Asaessment Manual,
available on request from L.I.F.E., 1126 - léth Street,
N, W., vashington, D. C. 20036 '

- Small is Beautiful, Economics as If People Msgttered,
E. Schumacher, avallable throug the Office df Program-
ming and Training Coordination, Peace Corps, 806 Connecti-
cut Avenue, N. W., Washington, D. C. 20525

- Reports of or visits to local or regional atorage design
and research trials

Suggested Training Exercisges ’

- Plan field research trials with three different improve-
ments and one traditional control with three duplications
) of each example. Plan all materials necessary, their
delivery, tools required, agreements necessary with
farmers, and time and type of observations to be made.
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R. DESIGN AND FIELD TESTING OF IMPROVED STORAGE TECHNOLOGIES
contl,

1

Successful change of local storage methods will depend large-
ly on the degree to which the program or effort relies and builds
on local skil's and knowledge, utilizes local resources, and re-
sponds to local needs and goals. As one of the countless examples
of locally adapted technology, American prairie farmers used
sod to build their homes, even though masonxy bricks would have
been more durable. But bricks were either not easily available
or more w@Xpensive, so the sod houses were cheaper and easier to
build and maintain. Closer to our subject, although subsistence
farmers might get better results from chemical insecticides, mix-
ing sand with stored grain may be preferable as it is simpler
and less expensive.,

This general approach to technological innovation has recently
been given a popularly accepted name by the late Ernest Schumacher
of Britain. It is called Appropriate Technology (A.T.). A.T. is
defined in many, and sometimes conflicting ways, though for the
purposes of this Handbook, A.T. refers to technologies which are
derived from the needs, goals, knowledge, and resources of the
¢lioent population {(in this case, the gmall subsistence farmer).
Because labor is often more plentiful and cheaper than mechaniza-\
tion, labor-intensive solutions are common to A.T. Schumacher’s
book , Small is Beautiful, Economics as If People Mattered, is a’
wueful Information resource for this section of the Handbook.

Pcace Corps Volunteers working in poor or isolated rural areas
should quickly recognize the logic of client-oriented technology
and employ the basic concepts of A. in their work, even with-
Hut a formal understanding of it.  Large storage development
projects in the past too often have not used the A.T. approach.
Inappropriateness explains the numerous examples of massive,
imported, modern storage bins which have been abandoned or never
used.  The question of large centralized storage installations
as oppused to on-farm storage should be examined from the A.T.
viewpoint in determining whether expertise and cash resources
presentty exist to use and maintain, large, modevn installations.
Railroad and transport infrastructures must exist to bring large
quantities of grain to central storage locations. In fact, farm-
ers may be able to store and handle grain themselves at a lower
cost, higher efficiency, and with lower losses. '

Under any climatic conditions, the major dangers to safe
storage can be controlled by employing a variety of often highly
mechanized and sophisticated, though not necessarily appropriate,
technologies. However, farmers' non-acceptance of "modern®
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storage bins or grain dryers results in no improvement jin grain
storage conditions. Among the most common reasons for farmer
non-acceptance of new storage technologies are that the new
methods simply do not function properly in the local climate,
are too expensive, too difficult to repair and use, or are in
conflict with local cultural practices.

Education and extension can change cultural v.lues and
practices and teach farmers how-to adopt and use new storage
methods although this may be a long and slow process. However,
before education and extension can begin effectively, the basic
design and feasibility of the new method must be carefully
examined. The Important point here is the development project
planner and extension worker have the responsibility to recog-
nize and effectively deal with these technology design and
transfer problems.

-

Before a new storage method can be advocated for farmer
adoption, its technical, e >nomic and cultural viability must
be verified along with the ability of the extension/educational
system to successfully incroduce it. To increase the likelihood
of successful adoption, careful, aystematic, applied research ~
is required to explore all possible approaches. But researxch
in the laboratory or on the research farm cannot replace a
- on-farm trials. Such field trials, however, must be repeat
if the multitude of social, technical, economic, and cultural
factors are to be clearly understood and dealt with. They are
not necessarily complex nor do they necessarily require advance
techrical expertise. In fact, available resources may dictate
that they make do with meager technical support and resources.
_The following guidelines are recommended for improved storage
method design and for the conduct of field research trials.

Cuidelines for the Design of Improved Storage Technologies

Technical Viability

Above all other considerations, improved :.storage technologies
must function properly under local conditions. Guarantees from
foreign manufacturers may have no relationship to the reality of
a farmer's environmental conditions of intense heat, torrential
rains, dust storm:, etc. If field tests are properly conducted,
technical viability should be readily apparent. For example,
airtight storage is not an approxirate technology. Unless the
container is and stays airtight, insect control Just will not
happen. Does grain actually dry or stay dry? Does the insecti-
cide lose its effectiveness over time? Does the rat guard
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actually stop rats? Is the plastic liner easily pierced by
sharp objects or rodents? Does moisture seep up through the
“moisture—prooﬁ" barrier? These sitvations may sound unlikely;
vyet they are not.

Cost
The cost of improvements must be compared to;

1. The realisti@~grain value saved as a direct result
of the improved technology, and

2. The cost of the old technology and the realistic value
of the losses inherent in that technology.

A very basic calculation of the cost of any technology includes
the initial materials cost, projected repair expenses, projected
total depreciation, and labor costs by the farmer or hired help.
Labor costs may be difficult to evaluate if the farmer does the
work him/herself. In this case, the most ugeful evaluation of
the required labor may come ' directly from the farmex who has had
actual experience with both technologies in question. He/she

. will likely consider not only the time and effort required, but
the competing labor demands, the stOrage quality outcome, and
the labor requirements for repair and use.

some technologies may be viable in terms of the value of
grain saved, but inappropriate for the average farmer. At times,
projects may opt to deal with above-~average income farmers for
the simple reason that little significant improvement can be
brought to the level of the average farmer. Such projects should
be very carefully reviewed as they may havid long-range ramifica-
tions on the economics of a whole area; possibly increasing land
ownership by the wealthy, increasing the number of landless poor,
and encouraging their immigration to urban areas.

Practicality

The access and dependability of material supplies need careful .
examination. For example, what happens during fuel shortage if
dryer fuel is needed to avoid a mold problem? The increased
dependence on imported materials and resultant foreign cash flow
may not be advantageous to a developing nation. However, imports
may have their own unique problems in regularity of supply.

New skills required in the construction, use, and maintenance
of a technology may have a major effect on its practica’ity.

ap

9




R. DESIGN AND FIELD TESTING OF INPROVED STORAGE TECHNOLOGIES
contd.

In thé time You will be available, can farmers Or skilled trades-
persons learn the necessary skills, snabling independent, unsupex-
vised operation? If not, increasing acceptance of the technoloqy
will create greater and greater demands for extenaion support.

Can farmers or skilled tradespersons raad and understand printed
instructions for construction, operation, and maintenance?

Cultural Considerations

Established labor patterns--If men tend to harxvest while women
and children transport, dry, shell, grifd, and store grain, labor
pattems (and potential changes in ownership)} need to be known
and accounted for in the design of new technologies. If women
store, the bins need to be designed so that women can use them,
including special design factors for height and weight considexa-
tions. Labor requiraments during construction and use nesd to be
accounted for. Specifically, how much and whose actual labor is
required? What else must be accomplished at the same time? What
will take priority?

-

Cultural and reiigioua beliafs-~These can be vexry complex and
difficult to learn and appxeciate by an outsider who Mmay have
very different belief systems. The following general areas need
attention:

- Status--Does grain, its visibility, quantity, quality,
or manner of storage add or detract fxom a fammer's
status?

- Religion--Does grain or its products play a role in the
farmer's religion? 1Is it sacred, or is its possession
considered to be a temporary condition bestowed by a
divine force? Arxe losses to rodents, birds, etc.,
considered as the farmer's contribution to the 1ife
around him?

- Family--~Is grain needed as gifts to needy family or
friends, for weddings, funerals, and the like? bDoes a
visible grain bin invite less fortunates to request aid?
Will this influence how uch the farmer will want to
store or the desired visibility of the bin?

- Theft--I8 it a problem? Will new storage methods help
to prevent it? Will they encourage it?

- Food taste and texture--Do improved technologies, which
cause changes in grain and grain product texture and
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taste, cause it to be unacceptahle? Some insecticides
may cause problems, as may new drying processes. rield
testing will reveal such distaxy acceptance problems.

Guidelines for Conducting Field Reseaxch Trials

Insure minimal farmer risk--Farmers should be asked to test
only new metnods which are reasonably certain of success. Abysmal
failures set very bad precedents and make poor advertising for
a new project. If new methods under consideration have a very
uncertain chance Of success, the trials should be conducted in
the Volunteer's backyard or on a research farm, where failure will
not risk heavy losses by the farmer or give bad publicity to the
project, However, this sheltered testing environment can never
replace acvtual farm trials. fFarmers should be insured against
unforeseen losses due to possible failure of the new technology
ecither by replacing the lost grain or paying its cash value. Any
new costs of the trial technology should be paid partly or in full
by the farmer. Caution needs to be exercised, to assure that
farmers in the areaz do not come to think that the new silo, dryer,
ctc., 1s always sJoing to be handed out as a gift.

Repeat-~A single design trial is seldom enough even though
trial extension efforts may begin while design trials continue.
Climatic conditions, as well as insect and rodent infestations,
may vary from year to year. One farmer may behave very differently
from others, making it necessary to run trials with a variety of

famers: ©ld and young, wealthy and poor, those located near cities,
ot.C. -~

Run trials in the real farm milieu--Research farms and Volun-
teers’ vards are nct typlcal fam conditions. The sooner farmers
learn and perform certain tasks involved with the technology in
the context of the trials, the more 'likely the results are going
to roflect real problems or shortfalls.

Tore with traditional methods~-Ydeally this should be done
i obse.ving botn technologies 1n operatidn by the same farmer,
Jompare weight 1o was from the beginning of the storage period to

the end. Volume .osses are much more difficult to assign meaning~-
131 values to.

Assign cash valuas--Assign a realistic value to the cost of
cach technology and 1ts components, to the grain losses or savings
Jue to each.
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Be aware of cultural variables--Parmers who axe chosen to
participate in research trials must be cooperative and follow
instructions. FPFurthermore, they should be representative of
the average farmer population. This may be difficult to achieve
if only the most innovative farmers are willing to cooperate,
Ideally, trial farmers should be well~respected in iheir village
or area so that results will be trusted by neighboring farmers
and so that their example and recommendations will be respected
and followed. Trial farmers may be so eager to cooperate that

they cover up pror ems just to please the volunteer or trial
supervisor.




8. Extension of improved Btorege Technologias

Major Subject Areas

- Common extension service shortfalls
- " Farm visitation |
- Demonstration
- Indirect extension methods
- ‘Training-yourself out of a job |

Training Objectives

-~ Volunteer will be familiar with lgcal ext.naion hierarchy
and location of local field extension agents

- Volunteer will be familiar with all past extension efforts
in local small farm grain storage

Suggested Resources

- peace Corps/VITA Small Farm Grain Storage Manual

- Peace Corps, The Photo Novel: A Tool for: Development

- Agrzcultural Extenszon The Training and vigit System,

. Panietl Benor and James {(J. Harrison, World Bank, 1977, .
available on request from the World Bank, 1818 H- Stzeet,

N, W., washington, D. C. 20433 or any regidnal office.

- Educational Tours, A Guide for Extension and Village
Workers, Extension Service . USDA/USAID 1974, available
through Inforxmation Collection and Exchange {I.C.E,},
Peace Corps, Washington, D, C. 20525.

- Farm and i i
Workers, Extension Service, USDA/USAID 19?4, available
through Information Collection and Bxchange {I C.E.) .,
Peace Corps, Washington, D. C. 20525,

-° Using Visuals in Agricultural Extension Programs, United
States International Cooperation Adhiministration,
-available through ICE, Peace Corps, washington, D. C.°
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S. EXTENSION OF IMPROVED STORAGE TECHNOLOGIBS contd.

Training Exercises

- " Practice a famp visitation with emphasis on gaining -
farmer's trust and interest .

T

- Make a pian for and map oGt farm visitation uschedule

- pesign posters to adver tina the various pﬁt&nti&la
of improved storage methods . -

- plan a 2-4 minute radio spat to adveit}aﬂ some form
- of improved storage

- Investigate éussibility-af presenting a pooth or demon-
stration at the next area agricultural fair

- vinit the agricultural extension training center and
huild a storage model. theve for use in training exten-
sion agents

Agricultural extension i3 the term used tO refer to the
process of education and encouragement of farmers to adopt new
or improved farming methods. Though it is & vital 1link in
agricultural development programs, the extension service in
developing countries is often both inadequate and ineffective.
The most common reasons for this are:

- Iinsufficient number and mobility of extension agents
: to reach numbery of farmers ‘

-.  Inadequate tmining of extensxon Wents and insufficient
contact with updating of techno ;e and informationm

- Low status of extension workers, low pay, and lack of
respect by farmers . :

- Duplication of services with several branches or offices
having overlapping authority and duties

- uUse of extension agents for noh-extension ac.zv*txeﬁ
such as census taking, fayn data gathering, msaterials
supply, credl' management, etc,

For an extension effort to be successful in motivatzng sarmars
to improve theix farmxng practices, there must be gsome ¢lear
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-

incentive for the famer. The most common and successful incen-
tive is increased profits, whether as a result of increased pro-
duction, reduced losses, or reduced labor reguirements. If im-
proved storage methods are to be widely adopted, farmers need to
be convinced that there is a clear practical advantage to the new-
methods. Extension efforts need to be planned with that goal in
mind. . Answers to the following questions can help shape tfe

. plannlng of an extension strategy:

g?;V -  What exactly are the changes the farmer will be
: encouraged to make? °

Ll

,What are the advéntages to the £ er? -
, - What new cash investments will be necessgxy° What is
. +he expected mate of return on the new 1nVestment°
- . ) - . What credit is available for the project? 1Is 1t ade-
; ' quate? Who can qualify?
- What new or additional resources will be needed, e.g.,
mud brlcks, cement, rat guards, 1nsect1c1des, etc ?

e - How will these additicnal supplles Or resources be
. N delivered to the famner?. -t

N - Which member of the famlly will be prim;rily'responsiﬁle
N for making "the decisi?n to change from present methods?

\ .
- Who will be responsiblg for the labor required to con=
struct, use, and maintain the new method? » - g

- What new skills or knowledge are required by the new.
. method?

- What kind of tralnlng will be needed by the exten31on' }
agents? What training do they pxesently receive?
What continuing information and supervision will be
needed by extension ajgents and by farmers? '
, - : y
Appealing to a Wide Range of Farmerq

Rather than promoting "one standard procedure which may'be
too demanding for small or poor famers and inadequate for larger
. : farmers, a variety of possible recommendations suitable to the
varylng resources and abilities of area farmers should be pre-
sented. Ideally, farmers would be encouraged to begin with small
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_changes and, as those prove successful; adopt more expenslve or

complex changes. - -&
_ . )

Fam Visitation -

5

Farm visitations should be scheduled on a frequent and regu-
lar basis, such as twice monthly on a specific day of the week.
This allows farmers to schedule ‘their work around extension-
visits. The regularity also helps to build familiarity and
trust. Too often famers are visited only 3-4 times a year and
have little opportunity to establish a friendly relationship

" with' extension agbnts. As a result, they learn vary little from
the\v151ts. : ‘

o«
Rather ‘than attempting to reach x1l1 of the farmers in any

given area, a limited number should be chosen either onm a group’
or individual basis. If the farmers in the extension program
are carefully chosen, they will serve as communications links
with the rest of the farmers in the area. Fammers chosen to
participate in the extension program should be representatlve of
the total farm350pu1a+x0n, varying in'age, family size,‘'farm
. size, wealth, education, etc. If only the most progressive
ﬁgnners are included in the extension program, average farmers
may not identify with them or follow their example. The selec-
tion of participant farmers could be discussed with village
leaders or elders. Farmers who are chosen- should agree to
explain re¢commendations te neighboring fammers, allow them to
visi’t their farms, and be willing to answer their dquestions.

Demonstration.

The single most.effective method of convincing farmers to
" adopt new storage methods is by demonstration. It is, therefore,’
often the most effective extension technique, particularly when
a demonstyation is set up to insure that a large number of farm-
.ers can see it, hear it explained, and discuss it among them-
selves. Demonstratlon sites should be carefully chosen to allow
for adeguate uuperv1sion, easy access, and high visibility.
School gardens, public lands near market places or rural clinics,
etc., make highly visible locations. However, when the demonstra-
tion:involves the construction of a permanent structure, extra
care needs to be exercised in planning to allow for long-range
supervision and use. Abandoned silos gr dryers do not make good

publicity when funds or interest to keep them 'in proper use and
maintenance run out.

L d
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useful with some local adaptation.
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Learning from Farmers through Extension

.

The reactions of famers to extension demonstratlons and

" their success or failure can be very useful in further improving’

the extension strategy and the storage method itself. rFarmers
should be encouraged to.reast to the ideas and methods presented

and-.every possible effort should be made to accommodate their
suggestlons and-'critielisms.

Indlrect Extenslon Methods

There are a number'of indirect ways of communicating with -
famers to convince them that rew techniques are worth a try .
The most common ‘'of such methods involves the use of agricultural

. fairs and demonstrations, radio programs and announcements, ’

1

posters, newsletters, and advertisements.

:The Peace Corps publication, The photo Novel: A Tool for
Devélopment gives detalls on the use of photographs which tell
how to demonstrate a new idea or method. It has proven to be
a very successful extension method in some countries in Latin
America. Where resources are limited, the idea mlght be used
in single-page flyers or posters. Also the Peace Corps/VITA
Small Farm Grain Storage Manual has a variety of illustrations
and subject-specific farmer training guldellnes which may prove

USlng Radio as an Extenslon,Tool .

Radio spots, informative talks and fammer interviews can be
very useful in reaching large numbers of farmers and extended
farm families in urban areas who may convey the new ideas to

relatives in rural areas. Radio spots and informative talks
should usually not ‘be 13 ger thanr five minutes and should best
be scheduled for broadcdst during farmers' non-woxking hours.
Radio spots of longer than five minutes are very difficult to
keep interesting enough to maintain the interest of the listeners.
Farmer interviews should not be longer than ten minutes and can
fe very.useful in publicizing the results of demonstration trials.
he following are general guidelines for plannlnq and broadcast-
ng radio extension programs:

*» |

~

-\K\Eeéb the program lively and interesting

- S8 arize the points to be“presented at the beginning
' §3msevera1 times during the *hrogram

. ( ’ - d
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Identify the subject to ‘be discussed, te11 why it is
a problem, what can be done about it, the results
which can be expected

 Rehearse the program until the materials are really

familiar ’

Use the name and location of farmers who have success-
fully vsed the new method @ . ‘

Give and repeat contact addresses for further 1nfg_ a~
tion or followuup

Advertise the program well ahead of time through radio, .
posters, néwspapexs and direct extension contact

Training Yourself Out of A Job . ff .

Peace Corps philosophy- encourages Volunteers to consciously
train themselves out of a job. I# a Voiunteer ends his/her
-service before training a local counterpart in the work done by
the Volunteer, chances aze poor that ‘this role will ever be
filled by a local person. Furthex training and supervisory .
inputs would again be necessary. e goal of training local

counterparts in all of a Volunteer's work roles is far from
easily attained. BAsk a few ‘experienced. Volunteers how success-
ful they were... Development and change is usually a very gradual-
process even though general goals may be very clear and widely

"accepted, such as feducxng’qrain losses to increase the. food

+

supply. Real progress in development hinges on the communication
and teaching of new skills and knowledge so that local people-are
able to take more control over their own lives, planning and

1nnovating as their needs and prloxitles direct. N
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APIENDIX R

PEACE CORPS COSTA RICA GRAIN STORAGE PROJECT REPORT

9ubmlttod to Juan Coward Coata, Rica Associate Peace Corps
. Director/Agricultura

Prepared by The Leghue gor International Food,Education'

L.1.¥.E. Team Memberssy

Theodore Granovsky, Texas A&MbUnlver91ty
Carl Lindblad, Consultant, Washington,.D. C.
Robert Morris, Consultant, Washington, D. C.

BAPKGROUND : . . !

f . *

The Costa Rican Consejo National de Produccion (CNP) placed
a request through Juan,Coward of Peace Corps Costa Rica for the'
recruitment, training and placament of eight volunteers to work
in a new small farm storage project. The CNP is a Costa Rican
governmernt organization responsible for the purchase, storage,
"and resale of basic grains produced in Costa Rica (maize, rice,
m111et and beans). The igeneral CNP goal for the requested PCV's
is to assist €mall farmers in improving ‘their graln drying and
storage practices such that better quallty grain will be sold to
the CNP and the farmers in, turn will receive higher prices for
their, grain. . . P

o~
v

The Loague for' International Food Education (L.I.F.E.) is a
washington, D. C. based, non-profit organization funded primarily
. through the Office of Nuﬁritlon, Development Support Bureau,
USAID. L.I.F.E- is a consortium of nine U.S8. scientific and
‘professional organizations unitsd together to provide information
and assastancetin solving technical problems in nutrition, food
technalogy and child feeding programg if developing céuntries.
The attached” brochure*gives more details of L.I.F.E. and its
functions. One of L!I.F.E.'s projects, fqued throngh USAID, is .
to deveiop and test an 1nternatlona11y acceptable methodology for
assessing post-harvest grain losses. As such, the L.I.F.E. Ggain
Toss Project has been 4in actiVve cooperation and communication with
all major development organizations woyrking o thisg area.

Mr. Coward, who visited Washington, D. C. in January,. 197§,
requested a briéfing from L.I.F.E. on available technical assis~
tance resources for the programming, training an ongoing technical
supervision of the CNP-requested PCV's. During the three dz2ys of
his contacts with L.I.F.E. and through subseguent communlcatlons,
arrangements were made to secure a mission to Costa Rica by a ‘team

of L.I.F.E. Grain Loss Project consultants.
%

The L.I.F.E. team spent April 22-29, 1978, in-country toc
accomplish the following three objectives:

N

*Nct attached; may be obtained from L.I.F.E., 1126 - 1&th Street,
N.W., Washington, D.C. 200386
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Set forth proposed ‘activities and job deacriptiOna
for the requeated PCV's. . I T 1
1 ' .

2. Outline Veclunteer recrui&ment ¢riteria and training ,
. reeds, . id *

1.7

‘ . & .

3, Outllnc the various tgchnical ssgistance needs of ‘the" LR
project and ralevant rescurce organizptions which )
could be called -upon to respond to these technlcal’
assintance needs. . / -7

' ] 7 L‘

The 1,.1.7F.E, team travelled to two reglions in Cogta Rica: ‘
Pacitfico Sur, on the southern Qoast near the Panama borders and
Pacifico Norte, somewhat inland in the area of the city of san
Carlo<. fThese ar wo of the five possgible areas where volunteer

placement ie undCr congideration. .

}

Both areas have high rainfall and two mags? cr ing seasons. )
In Pacifico Sur most farmers contacted wére recent /"colonists” . -, \ )
who had. been given government-sponsored credit for! the 'purchase ' '
and cultivation of. abandoned banana plantation-land. These farm-
ers are challenged by cultivation and storage in a climate and .
area often unfamiliar to them. In both &reas, the crops undey
consideration were principally maize and bansﬁm e

Drying and storage methods consizt oF, a Variety of traditional
and more modern techniques. Drying is done largely in the field *
before harvest and particularly in the case of beans, solar. drynnq
is done on canvas tarpoling before and at irregular interva#ls ‘
during the storage period. Storage of maize takes place princit - | ’
. pally in covered wooden bing in or near the home, or in open - Co-
weave bags under the shelter of the homé roof. Beans are stored
:5hg11ed often with pulverized plant and pod material-tmixéd in
for insect control, and placed in copen weave bags.- Less frequent.-
ly beans are stored in metal 55-gallon drums which can be seal-q.

In both areas visited, post-harvest loss preventidn can be
brokgqn down to the following general, though not all inclusiye,_
categorles. . : s .
1. Field standing losses due to birds, rodents and
other. animals. . - : .

2. Inadequate pre-storage drying with resultant losses
due to fungi and insects.

3. Insect, rodent, and fungi losses during storage.
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ngajtcm DEGCRIP1ION .
The overall purpose of this project is to involve wight pCV¥'g

. . in identifying:
). Local, small farmer grain storage problems (Princi-
pally maize, with lesser emphasis on beans and rice).

2. fnppr0priate, practical storage methods which . reduce
post~harvest losses.
i . t . PRI
3:“thension of these anrov&d astorage methods to area
- small farmers. :

4. Secondafy volunteer activities will be in the axten-
sion of improved basic grain cultivation procedures. s
- LY "

; PROJECT JUSTIFICATION y ' )

The project plan set forth in this reéport and the consequent
technical approach is based on the following factors:
i. There exists a variety of small farmer post-harvesgt
drying and storage practices in areas visited. Some
of these methais appear to b more successful in loas
preveq}ion thah others. .

Il

. 2. Particularly.in areas where newly~settled "cclionists”
- compkise much of the small farmer population, locally
evolved, relatively successful post-harvea; practices .
, ' are not well known t0 the "colonists.” Observation
Y and rudimentary analysis of the varied methods utilized
in any area will point to which, if any, of the local
methods prevent losses most satisfactorily. This
y measure of success is not solely technical. It must
include practical cultural and economic considerations.

3. vVvarious appropriate postwharVeat technologles exist
which are not currently known or used in the areas
vigited. Such technologies should be carefully con-
sidered and systematically tested for practical ahd
techﬂﬁcal viability in the areas served by volunteers.
Those "improved” and local technologies which are most
succesgful in losg prevention should be cautiously .

. introduced to small farmers through a carefully ,
. planned and monitored extension effort. - .
4. Ongoing observation of technology test-trials and

K extension efforts will serve %o continually refire

ot and improve both the post-harvest technologies ard

3 the extension mechaniam. k
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Monthia b
Suruey 15-100 local small farmers sgselected at random from a

,.rtt‘qq mialh using the CIGRAS"model for random gselection- and

“rvey questionnairxe in order to jdentify progressive farmers,
common drying and storade methods., Collect insects encountered
frome S0 wmall farm storage sites, Insect specimens will be sent
<o CIGRAS for identification. Volunteers will, as a secondary
artivity, aivise on basic graing culsivation practices with
contacted farmers. :

Yonthe 6 - 12:

e A

i. Pafticipatﬂ ire inrservice training session for plan-~

ning and initiation of demonstration and extension-
prnsahtations on improved drying and storage.

Ser up drylng and storage demonstration gites in the
volunteer's region.

Take moisture content samples from grain at doﬁbling,
at harvest, after drying and at monthly intervals
during storage from five progre<sive farmers and five
non-progressive farmers, Sambles will be sent to
CIGRAS for analysis of aflatcxin presence. Samples
will be replaced with grain supplied by the CNP,

Make & callectlon of grains damanged by birds, rodents,
insects and fungi.

-
LLE

corn inie 3 and 5 above taking moisture samples.
Further refine and continue demonstrations.

Place five metal bins of 220-1000 kg capacity with
progressive farmers (bins to be manufactured in

San Jnse). :

Supervise improved grain drying and fumigafion.
Experiment with cheaper and/or more effective drying

tarps, experiment with darkened staining or dryirg
patios, etc. '

*Grain and Seed Research Centre of the University of Coasta Riza.

1G5




RPPENDIY A Ccontd,

- — i b

#onth J4: Particlipate In two~thrcee day seminar to:
1. Review and evaluate activities,

2. ldentify mngr effective appropriate gstorage
rechnologies,

, i. Develop two-year plan £or continued storzde
activities in present locale,

4. wWrite job desgriptlon and make two-year plan for
PCV's in new areas.

wur

Evaluate potentlal for local manufacture of appropri-
ate storage technology, including metal bins, drying -~
and other relevant equipment.

Monthe 18 - 24:

1. Develop extension materlals with L. 1.F.E. coordina~
tion for area-wide dissemxnation.

2. Continue ref;nement and demonstration of improved
storage prac;ices.

RECRUITMENT CHITERIR

Trainees should have some Span;ah bacquound {C+/1 minimum}
with farm background (4-H, FPA or direct farming experience)

and/or aqricultural traznznq at high school cr post-hich scnoo1
level,

TRAINING

Pr r e ~Service

stk

1. {rive daws} Basic grain cultivation practices to
include planting, fertilization, cultivation, seced
certification and improved and local grain varieties.
Vigit to CIGRAS with introduction to grair storage
principles and practices.

. 2., {Two days) Bagic grain storage principles including

interrelationship and control of moisture content,
insects, rats, mice, and birds, meld and fungi.
Visit to CNP for precgentation and discussion of
project objectives.




Damage ¢danti£ica tion techniquas for
ird, insect and Fungl losses.

L WD aaysk Use of post-harvest survey gquestion-

aive imeluding random sampling and random gelection
Tirmers, random grain sample selaction and transge
©. oand principles and use of moisture meters.

e daysl  Review of cammon~losta Rican
‘ar;;ng ancd storage practiced, including
et c, above fire storage, wooden bins, drying
«:75, drying patios, insecticidaa available and the
cermnn and/er proper use, insect identification with
wesund fileld visit to CIGRAS laboratory.

ne~rnalf dayl Principles and phllosophy of

.w,ﬁJg;*ate technology, incliuding cost, construc-
',' f}l"‘}

", Fazntenance, utility and cultural factors.

Eifiniﬂg (end of first six months)

criew ntorage principles, i.e., relative humidity,
-:av:vr, migration, etc.

w f common drying practices taken.from survey,

:ew nf common storage practices as per survey,

domonstrations of most successful practices

sitable to individual PCV sites as revealed through
ccsluation of parts 2 and 3,

:3uion of application of Appropriaste Technology
nripies to encourage PCV's to think of design
.3 for cost, practicality, etc., where new
whpoiogies are proposed. Is it practical? Can
fxrmers procure, use, maintain after PCV involvement?-

i ission of demonstration methods and techniques
'?%z &.ﬂOﬂ demonstration problems.

Pactinw of function of moisture meter.
rovizw of random sampling techniques,

iiruss collection and mounting techniques for pest-
daraned corn ears and beans.




cannd

Fxplain ard dLLCuESE qlmg;e aeiecaxcn technigues
from ten {ggm sites and sample transportation
Powysntacs.,

Sfrseass an3ectict de 3¢ and proper dosago and
pessibie extension methods to encourage proper
zrrnckzcxde uge,

ta-Month Training Sessicn

E% = e ke at el am

. \ Lt
I.0 st for knowledge of proper use of insecticides
and desages (fumigant and contact ingecticides),

Filan further appropriate technology experimente.

Plan logistics of five metal bin placement,
Reviow accomplishments.
SDevelepn and discuss a two~year PCV plan.

“. Write job descriptions for mext group of PCV's.

’
s

SITE SELECTION

FEach POV should be placed withain one day's travel to at lgast
gre other sftarage PCV in order to facilitate collaboration and
shared learning doring the project's early evolution. This strong
recommendat ion is given with” acceptance of the desirability of
placing ind:ividual pCv's far enough from each other teo foster an
independant volunteor experience,

A FI0 osite should be carefuily investigated in or near at
irast oaf of the more isolated Indian tribes, Thé iaformation
ang exnor;ance dérived from these indigenous culturz4 should be
vevv wnlightening in identifving and &ssgessing th=z vivious Zforme
of ad*txgﬂally evolved storage methods. These methods should
bc-“a*ﬂ*ully studied for potential qeneralizatzon in' other parts
of Costa Rica, particularly where newly-arrived “"colonists”™ are.
unfamilyar with local climate, local storage problems and locally
avallable methods of addressing those nroblems in drying and
storing grain., . ,

TECHMICAL ASSISTANCE

The Puace COorps Costa Rica Grain Storage Projec¢ has avallable
to it a wide variety of technical assistance sourc&sﬁ These Shouid
be fuily utilized“on an ongoing basis, but particula 2ly in tne
early cvolution of thé project.




APPENRDIXK A contd.

The various technical assmstance -sources avallahle localiy
inciude, among others, the Consejo National de Produccion (CNP),
the Graln and Seed Research Center of the Unlverelty of Costa
Rica (CIGRAS}, angd the Center for Human Potential ( }. Other
non-local technical assistance resources include L.M%F.E. and
the Group for Assistance on Grain Storage (GASGA) whigh is com--
posed of United Nations Food ang Agricultural Organization, .
“galish, French, Landian,“MBelyilanm;, Australian and American member
institutions. GASGA assistance through any of its member organi=~
zati1ons can be requested through the secretariat at the Tropical
Stored Products Institute, Tropical Stored Products Cenire,
tondon Road ) Slough, Berks -SL3 ?HL ~England. ’

L.I.F.E. assistance can Bé requested at 1126 - 16th Street, .
N.W., Room 404, wWashington, D. C. 0036. The L.I.F.E. Grain )
Logrs Project c0n51ders this Peace/é;rps Grailn Storage Project
to be one of important potential and,.. as such, encourages any
further utilization of its reSOurces in the project‘s further
development and evolution. . -

Once staging and pre-service training have taken place, one
possible alternative to maintain active communication with and
utilization of the technical assistance sources could be achieved
by appointing or electing one PCV as the Tachnical Assistance
Liaison. The PCV with thé most extensive and relevant agriculcural
experience would likely be the best choice here. However, commit- ~
ment, interest, social skills and comaunication loglstlcs shoul& '
also be considered.
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: §
Agricultural Extension: The Training and Visit System,” Daniel
BEnor and James Q. Harrisgn, World Bank, Washington, D. C., 1977.

—~

ﬁéndling and Storage of Food Grains in Tropical and Subtropical

2reas, Food and Agriculture Orgablzatlon of the United Nations,
Rome 1970.

Kenton Harris, unpublished articles, drawn llberally from in
Section O, "Insects amd Their Control," with gratitude for per-
mission gyanted. k

~

Peace CorXps Trainlng Guidelines: The Program and Training Loop
and a uyqtomaflc Approach to Eralnlng, Peace Corps, Wasﬁington,

Do C., 1973,

Post-ltarvest Grain Loss Assessment Methods, American Aqsoc1atLon
of Cereal Chemists, St. Paul, Minnesota., 1978.

. ) /

Small Farm ‘Grain Storage Manual, Carl Lindblad and Laurel Druben,,
Peace Corps, Washington, B. C., 1976.:

.

Storage of Cerxeal Grains  and Their Products, American Association
of Cereal Chemists, St. Panl, Minnesota, 1978, drawn liberally
from in Handbook Section P, "Rodents .and Their Control.," with
gratitude for permission granted. .
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Sincs 1961 when the Pescs Qorps was crested,; acrs than 80,000 0.6, citizens have ssrved
as Voluntsers in developing countviss, living and workicg aamong the psople of the Third
World se collssguss and co~workars. Todey 6000 PCVN aze invelved in prograns designed
to help strengthen locel capacity to sddrass such fundamsntal concaras as food

production, water supply, snergy develomant, nutriticn and health education and
reforsstetion.  °

Loret Millar B:.\P"pl. Dirsctor
Everstt Alversz, Jr. Deputy Dirsctor
Richard B. Abell, Dirsctors Office of Progranning and Training Coordicetion
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