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SUMMARY STATEMENT

The study objectives were to (a) exanine the rature, patterns, magnitudes,
and causes of losses under various systems of post-production technology
and management, and (b) determine the factors that explain the choice of
technology in rice pnst production. The data used in the study are based
on a gseries of field level trials conducted by the Department of
Agricultural Engineering of the International Rice Research Institute in
Central Luzon in 1975-76 and in the Bicol Regions in 1976-77. These field
trials were carried out to assess the performance of the IRRI-designed
axial-flow thresher and twin-bed batch drver as compared to traditional
methods practiced in the area.

General Linear Model of the Statistical Analysis System was used to
determine the physical and quality detorioration response functions for
paddy and milled rice. Inferior quality characteristics of paddy and
milled rice such as impurity, ecracked, damaged, fermented, and chalky
kernels were found to be associated with a reduction in the quantity,
quality and market grade of milled rice. Timeliness in the performance of
subsequent post-production tasks as well as the type of machine or
equipment used likewise influenced variability in rice recovery and grade.

' - Comparative rate of return (CRR) on added capital investment was used
to measure the economic potential of alternative post-production systemns
over that of the traditional systems. The alternative combining the axial-
flow thresher with sun drying exhibited the highest CRR in spite of the



foregone quality price premiums largely because of che low capital and
operating cost of traditional sun drying coupled with efficient performance
of the axial-flow thresher. The second highest CRR value was obtained from
systems using the axial-flow thresher and the batch dryer. Alternatives
where traditional methods of threshing and cleaning are combined with
mechanical drying showed relatively low comparative rate of return even
with substantial quality premiums. High capital outlay and operating
expenses incurred in mechanical drying contributed to this low CRR.
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PREFACE

This research report has been prepared from a dissertation research
project carried out by Zenaida Toquero while attending Kansas State
University on a graduate research assistantship. Miss Toquero completed
her doctorate studies at KSU on leave from her research position in the
Department of Agricultural Engineering at the International Rice Research
Institute (IRRI) at Los Bafios, Philippines under memorandum of agreement
between the IRRI Department of Agricultural Fngineering and the KSU Food
and Feed Grain Institute.l The memorandum of agreement provided use of the
IRRI data for the study by Kansas State University to the mutual benefit of
both institutions. This report is an outgrowth of that agreement under
research by the Food and Feed Grain Institute at KSU supported largely by
Cooperative Agreement AID/DSAN-CA-0256.

The quantitative data on physical loss and quality deterioration of
paddy and milled rice during alternative post-production operations were
developed from a series of field-level trials conducted by the IRRI
Department of Agricultural Engineering in Central Luzon in 1975-76 and
Bicol in 1976-77. These trials were carried out to assess the performance
of the IRRI-designed axial-flow thresher and twin-bed batch dryer as
compared to traditional methods practiced in the two regions. In this
study the observed losses and quality deterioration of individual post-
production operations under alternative techniques were regrouped for
quantitative analysis of physical and economic performance of alternative
rice harvesting, threshing, drying and handling practices. Multiple
regression analysis was used to measure the impacts of the various factors
assoclated with the extent of threshing loss, head rice recovery, total
milling yield and market grade of milled rice in alternative post-production
systems. Discounted cash flow analysis of comparative rate of return (CRR)
on added capital investment was used to evaluate the improved systems
compared to traditional systems in the two regions of the Philippines.

Physical post-production losses were measured as (1) loss of paddy
grains and (2) loss of milling recovery when the remaining paddy is
milled, standardized for moisture content and purity. Lower physical .
losses were associlated with use of the axial-flsw' thresher and batch drier
(Table 2), with timely operations (Table 3), and with favorable moisture
content, sound kernels, purity and other quality characteristics of the
paddy at harvest (Tables 9 and 10). Post-production losses of quality
were measured as (1) reduction in the percentage of head rice recovery
and (2) reduction in numerical grade of milled rice. Lower quality losses
were associated with use of mechanized techniques (Table 4), with timely
operations (Table 5), and with favorable characteristics of the paddy at

1The authors are indebted to Mr. Bart Duff of IRRI for his leadership in
negotiating the memorandum of agreemenf. and his counsel through the course
of the study. The relationship has be2n rewarding to the authors, but
they accept full responsibility for the methodology, interpretations and
recommendations expressed herein.

xiii



harvest, such as maturity, moisture content, and absence of cracked, chalky
and fermented kernels (Tables 11 and 12).

Comparison of the alternative post-production systems with traditional
systems shows that the most profitable system for rice farmers is the
axial-flow thresher combined with sun drying. In spite of forgone quality
premiums under this system, the annual comparative rates of return on
additional investment exceed 100 percent (Table 19). The comparative rates
of return for the fully-mechanized system range from 34 percent to more than
50 percent, depending upon the levels of market premiums for milling
quality and wage rates for harvesting labor (Table 16). Alternatives
combining traditional harvesting methods with mechanical drying are
infeasible for Filipino farmers unless they receive a substantial market
premium for the mechanically~-dried paddy. (Tables 22 and 23).

The findings indicated sound justification for continued expansion
in the use of axial-flow paddy threshers in the Philippines. Mechanical
drying, although effective for reducing post-production losses of quantity
and quality, appears to have limited potential at the farm level. Because
they receive the benefits of higher milling yields associated with
mechanical drying, it is the commerical rice millers who have economic
incentive to expand the use of mechanical dryers. Paddy price premiums of
some two percent for mechanical drying would be required to make the use
of batch-dryers financially attractive to producers. '

- xiv



CHAPTER I

INTRODUCTION

Importance of the Study

Rice ir by far the most important food crop in the Philippines,
To Filipinos, rice is life, politics and economics (1). It is the
country's staple food, and 80 percent of the population depends on rice
in one way or the other for its livelihood. Every government admin-
istration has used self-sufficiency in rice as an avowed goal and
political promise. Ricu must continue to play a major role in the
improvement of the Philippine economy. Rice output must be doubled in
the next twenty to twenty-five years just to keep pace with predicted
growth of population and consumer demand. fhis can be achieved only
by mounting accelerated production programs to increase rice output.,

Increased rice ouﬁput can be achieved in several ways. One is by
expanding the area planted to rice. Another is through infrastructure
development such as irrigation to support improved technology aﬁd
‘increased productivity, Reduction in post-production losses will like-
Qise_increase ner, output for consumption,

Considerable attention has been given to increasing food pro-
duvction throﬁgh the development of high yielding varietiés and increasing
the avéilability of couplementary inputs such as w#ﬁer, fertilizer,
~ insecticides, and fungicides; Much less effort has been put into the

postharvest sector, where the need is to'insuré that all of the grain
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 produced is cafely harvested, and that the harvest is preserved, processed
and distributed to meet the requirxements of consumers,

Ironically, the early momentum to realize the potential of this
neglected dimension was generated by the promise of a surplus, not the
existence of deficit. It was not until an increased volume of grain
began moving inﬁo the market as a result of increased production fhat
more attention was given to this area. The whole gaﬁut of the marketing
problems associated with moving, processing, buyirng and selling larger
quantities of grain has become the secpnd generation problem of the green
revolution (2).

The strongest support fdf a coordinated postharvest program came
from the resolution of the special session of the United Nation's Genmeral
Assembly in 1975, calling for a 50 percent reduction in postharvest food
losses by 1985, and the cooperation of all countries in attaining this
objective. This was followed by the establishment by the Food and
Agriculture Organization (FAO) of a special fund for the prevention of
postharvest losses.. At the regional level, the Southeast Asia Cooperative
Post Harvest Research and DevelopmentvProgram emerged.

A number of international agencies are engaged in postharvest
'food loss reduction programs in developing countries. Many of these
agencies work closely together with coordination of efforts at many points .
In the ASEAN (Association of Southeast Asia Nations) region; individual
countries have for several years undertaken a variety of programs to
reduce postharvest losses, particularly for food grainms. Major focus

-

has been on rice, the basic staple ‘ood of the pooulation of the region.
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In spite of the growing body of literature dealing with the issue
of postharvest grain losses, there is need to plan, implement and inter-
pret additional research in this area of inquiry. There is still much
that is not known about patterns, magnitudes, and causes of losses in the
sequence of post-production operations. The operations (both at the
field and processing stages of the post-production system) are inter-
dependent, making evaluation in discrete operations difficult and the
results often inconclusive in pinpointing the nature and characteristics
of losses. Another major justification for the continued research on
postharvest losses lies in increased economic incentive. With increased
grain yiel&s in countries adopting modern varieties, fertilizer, chemicals
and expanded irrigation, higher absolute losses occur, thus raising the
value of output and making recovery economically more important. Finally,
characteristics of the environﬁent within which losses occur are changing.
New grain varieties with differing dates of maturity and milling charac-
teristics coupled with modified methods of management make precise recom-

mendations based on previous studies largely inappropriate (3).

General Review of Relevant Studies

The seriousness of the problem of posfharvest foodgrain iosses
has been discussed at numerous meetings, conferences, and symposia at
the national as well as international levels. Many studies for assessing
pogtharvest losses have been conducted at various levels by institutions
throughout the developing world. And during the last decade, a very
large body of published materials déaling with the many aspects of

postharvest food technology has emerged.
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While numerous references to studies on losses and loss reduction
can be found, all too often referenced studies are widely scattered,
unpublished or difficult to loca}e. Frequently, they are not reudily
identifiable by title as relevant to postharvest technology. Very few
of these document results are based on comprehensive rcsearch, experi-
ments or surveys. Some of the loss estimates are based on guesses,
otners on limited observations and/or poorly-designed studies. As a
consequence, their validity and relevence is questionable.

In this section some attempt is made to review.available litera-
ture on the subject published during the last. decade. However, since
the number of publications is too large to permit exhaustive review,
only such literature as was available to the authors and of greater
relevance to the problem being studied has been referenced in this study.

Hall (4) prepared a manual on handling and storagc of foodgrains
in tropical and sub-tropical areas. The study was based on information
collected from research workers in Africa and other developing countries
as well as organizations concerned with storage problemﬁ. The manual
discusses in detail the principles of handling and storage of cereals,
legumes and oilseeds. It sets out the causes of grain loss, deterioration
and contamination, the methods of drying and storage, thé design of
storage facilities and methods of controlling fungus, insect and rodent.

In 1975, a survey was carried out by the survey team of the
Directorate of Food Cropa-Ecoﬁomics, Indonesia in several regions of
Esst and West Java. Resuita of the study indicate that most of the
dfyera‘are underutilized because of technical, economic and social

reaaéus (5).
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In 1977, the FAO in cooperation with the Government of Malaysia
ana the Food for the Hungry, Inc., hosted an Action-Oriented Field Work-
shop in Kedah, Malaysia for the pfevention of postharvest 'losses in fice.
Recommendations and suggestions which came out of the workshop were
focused on the methodology for assessing quantitative and qualitative
losses in rice post-production operations. Twenty-nine papers were
presented and discussed at the workshop (6).

Harris (7) recommended that specific in-depth studies be made
to identify and measure losses at each stage of the post-production
sequences of operations. He thinke study of loss assessment should be
a collaborative work between scientists of multidisciplines such as
statistics, entomology, anthropology, sociology and economics.

FAO (8) summarized the reports submitted by their country repre-
sentatives on a survey of postharvest crop losses in the developing
countries. Commodities discussed in the report include cereals, fruits,
vegetables, animal products, fish and crustacea, and miscellaneous commo-
dities. Priorities for the reduction of these losses were also proposed
in the report.

Existing work and information about losses of major food crops
and fish in developing countries are also summarized in the report
prepared by the National Academy of Sciences (9). Some of the economic
and social factors involved, needs and suggested policies and programs
for the less developed countries and technical assistance agencies are
also discussed in this study. |

In 1978, staff of the Western Regional Center, Sciences and

Education Administration through the initiative of the United States
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Agency for International Development conducted a worldwide field
investigation to update knowledge on rice postharvest practices in
developing countries (10). Based on data obtained from interviews

and visits with research workers, institutions, and companies involved
in grain postharvest studies, they presented an intensive state-of-
the-arts review of rice postharvest losses, the pattern and magnitude

as well as causes of these losses, actions undertaken to prevent their
occurrence, and some recommendations for future international assistance.
The publication contains a selected bibliography of more than 200
publications in the area of postharvest technology.

The book developed and compiled by Harris and Lindblad (11) for
the American Association of Cereal Chemists contains articles and materials
contributed by scientists of multidisciplines. It provides an overview
of the major requirements in planning and organizing a loss assessment
study, the complex multidiscipiinary factors that have to be considered,
and the statistical methodology for sampling and interpretation of
results are discussed in the book. In terms of locs assessment, the
book provides detailed guidelines for assessing quantitative and qualita-
tive losses during storage, but only brief discussion with very little
detail on assessing losses during threshing, drying and milling. The
book also systematically reviews the concepts, definitions and measurement
tecﬁniques in postharvest loss assessment.

Sarath Ilingantileke (12) used a systems analysis of the in-field
post-pro&uction operations in Sri Lanka for two harvesting seasons, Yala
and the Maha. Grain losses and technology were investigated aid
evaluated in relation to climate and labor availability. Field measure-

ment data were analyzed and equations were developed for use in formulating
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a systems model. The model was then used to simulate fesponse of
selected rice varieties to alternative techmological practices.

A similar simulation study was conducted by Habito and Duff (13)
in a typical two hectare farm in Laguna province, Philippines to
compare quantitative and qualitative losses associated with mechanized
and non-mechanized farm production techniques (harvesting, threshing,
cleaning and drying). In the simulation model, stochastic variables
such as availability of labor and weather were used to test influences
on the final returns obtained under aICeénative post-production tech-~
niques. In the choice of technique decision framework, paddy quality
was used as an important criterion.

The SEARCA Technical Team (l4) prepared a discussion paper on
postharvest programs, issues and problems in the ASEAN countries of
Indonesia, Malaysia, Philippines, Singapore and Thailand. The paper
provides an overview of the postharvest systems and discusses priority
areas for current and future problem-solving initiatives both by SEARCA
and individual member countries.

An FAO Manual (15) provides guidelines on statistical methodology
for assessing, sampling and collecting data on postharvest foodgrains
losses. Concepts, definitions, and measurement techniques of quantitative
and jualitative losses in various post-production operations from
harvesting to processing and distribution are discussed in the manual.

As FAO consultant, Schulten (75) critically reviewed the loss
assessment activities of completed and on-going FAO Prevention of Food
Loss (PLF) Projects in 1982. This review was discussed by GASGA repre-
sentatives and technical FAO staff with recommendations on the form and

scale of loss assessment activities to be included in loss reduccion



projects.

The Southeast Asia Cooperat.vc rust Harvest Research and
Development Program has sponsored a series of technical workshops
with the cooperation of host institutions in the Asian region. Papers

presented during these woikshops are compiled and published as Proceedings.

The first annual workshop was held in Bangkok, Thailand June
10-12, 1978 with the Division of Agricultural Engineering, Thailand.
Twenty-two papers were discussed and presented at this workshop dealing
with the various aspects of.posthatveac operations, including milling,
drying and storage, as well as research and extensioa.

In January, 1979, the second workshop was held in Jakarta,
Indonesia with the cooperation of the National Logistics Agency (BULOG)
and the Department of Agriculture, Indonesia. The proceedings of the
workshop cover the post-production system's capability to deliver output
subject to the influence of engineering, ecomomic, sociological and
environmental factors. Twenty-two papers were discussed and presented
during the seminar.

The third workshep was held in Kuala Lumpur, Malaysia in cooperation
with the Ministry of Agriculture, Malaysia, the Malaysian Agricultural
Regearch and Development Institute (MARDI), Lembaga Padi dan Beras
Negara (LPN) and Eembaga Persatuan Peladang (LPP). The focus of the
workshop was on the improvement of grain quality.

The 1981 Postharvest Workshop was held in Manila, Philippines
through the cooperation of the National Postharvest Institute for
Research and Extension and the National Food Authority. It was attended
by 133 delegates from the ASEAN ccuntries, Australia, the United States,

England, Korea, Bangladesh and India. Thirty technical papers were
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pr2sented along the line of improvement of postharvest facilities
and systems including threshing, handling, drying, milling and insect

and rodent control.

Studies on Rice Post-Production Technology by IRRI

Rice post-production technology is a major research area in the
Department of Agricultural Engineering of the International Rice Research
Institute (IRRI). In addition to machine design, testing and evaluation,
several feasibility and socio-economic studies have been conducted in the
Department to (a) inventory existing post~productio. practices and tech-
nology, (b) exszmine the degree of machine adoption and utilizatio:, (¢)
evaluate the technical and economic performance of these machines, (d)
determine the costs and benefits associated with its use, and (e) study
farmers' attitudes and preferences in the use of alternative post-pro-
duction techniques.

To examine post-production systems currently existing in the
Philippines, a comprehensive survey was undertaken in 1973-74 in three
regions in the country--Central Luzon, Bicol Region and Southern Tagalog--
representing three of th. major rice producing areas in the country (16).
One hundred and eighty rice mills and approximately 600 rice farmers
were surveyed to inventory existing post-production practices. Harvesting
and threshing have been identified by Filipino farmers as major problem
areas in rice production. To determine the impact of post-production
operations on the quality of paddy and milled rice, samples of paddy were
taken from 111 rice mills in the three regions studied. The samples were
analyzed and graded according to the six grade categories established by

the Philippine government. Results of the analysis showed only one-third
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of the samples falling into the upper three classifications categorized
as high quality. The bulk were graded as low quality and one-third
fell into the lowest or sub-standard category. These results attests
to the fact that a number of factors causing losses occur in operations
preceeding the actual milling of paddy.

Studies by Alkuino (17), Getubig (18) and Toquero and Duff (19)
have examined characteristics of the rice marketing and processing
industry in the Bicol Region. These studies indicate that the region
has a significant volume of unutilized milling and storage capacity and
that current farm practices are not conducive to the production of high
quality paddy or milled rice. A number of technical inefficiencies in
components of existing systems appears although by economic criteria, the
industry appear to perform rationally.

Habito (20) examined the problem of choosing the appropriate
technologies in rice harvesting, threshing/cleaning and drying operations
in the Philippines. Seventy-two different systems or combinations thereof
were evaluated for their relative technical efficiencies using the
isoquant~isocost approach suggested by Timmer (21) and the comparative
cost analysis undertaken by Boon (22). Only seven threshing-cleaning
combinations were singled out as technically efficient and logical alter-
natives for more intensive economic evaluation. Results of the study
indicate that labor intensity-capital productivity criteria alone are
insufficient for making a valid choice of techniques inasmuch as factor
costs are ignored. As a result, the tradeoff between capital savings
~and increased employment is neglected. Furthermore, there are other

factors not accounted for in the empirical analysis that have important
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roles in the choice of techniques. These include technical considerations,
institutional factors, and technology impact on labor absorption and
employment.

In 1977-78, a study was undertaken by Ebron, Takai, and Duff (23)
to provide a detailed assessment of farm level storage practices in
selected provinces of Luzon and Iloilo. To attain this objective, a
survey was conducted in the study areas and a carefully controlled
series of laboratory experiments were carried out to evaluate grain
quality and deterioration effects due to fungi and insects. The study
examined the disappearance pattern of paddy from storage, the condition
and quality of grains in storage, deterioration patterns and possible
sources of grain losses, and the'techno-economicbackground influencing
the use of particular storage practices.

Juarez (24) examined different issues relating to increased and
continued adoption of mechanical threshers since 1976. The study was
conducted in the provinces of Iloilo and Laguna, Pﬁilippines to analyze
the distributive and output effects of adopting mechanical threshers.
The reasons for_and against the use of threshers, the institutional
arrangement for harvesting-threshing in both areas, and impacts of
thresher adoption on turnaround time, yield, incume, farm size, tenure
and prestige were also discussed in this study.

As a follow-up to the above mentioned study, Juarez and Pathnopas
(25) made a cross country comparison of thresher adoption and use in
Thailand and the Philippines. The history of thresher adoption and
diffusion in both countries was traced and the factors affecting adoption

and the different measures of costs and benefits were analyzed.
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Since 1973, the Department has likewise conducted surveys, field
experiments, and farm level field trials to assess and evaluate the role
of post-production operations in determining the nature and magnitude of

’quancitative and qualitative losses in rice.

A field study undertaken by Samson and Duff (26) quantified paddy
loss characteristics which occur in the harvesting and threshing operations.
The study consisted of three phases: The first was a replicated experi-
mental trial conducted on the IRRI farm during the 1972 dry season. The
second and third stages consisted of replicated field sampling techniques
conducted during the 1972 wet and 1973 dry seasons in Gapan, Nueva Ecija,
Philippines. Results of the study showed that the range of losses in the
harvésfing process itself is not great, but that it can be significant if
the yield level is high. The levels of loss were particularly sensitive
to the date of harvest which, in turn, is dependent upon the moisture
content of the grain. There were also significant differences in loss
levels between wet and dry seasons and between differeﬁt varieties,

Based on the results of the above mentioned research, a series of
farm level trials was conducted in Central Luzon and Bicol Regions of the
Philippines from wet season 1975 to the dry season of 1977 to assess the
impact of alternative systems of rice post-production operations., Four
systems of technology involving alternative combinations of threshing and

»drying techniques were utilized (See Figure 1, Chapter II). System I
exemplified the traditional system commohly practiced in the area. Mech-
anized technology was exemplified in System IV where the IRRI~-designed
axial-flow tﬁresher and twin-bed baCc@ dryer were introduced. Systems LI
and III combined elements of traditional and mechanized systems in the
threshing and drying operations. Composition of farms included in the

trials is given in Table 1.



Table 1. Characteristics of villages included in the post-production pilot
trialq, Central Luzon and Ricol Region, Philippines, 1975-1977.

No. of

Ave. area

Location ~ Season Cooperators Plots (mZ/plot)

Variety

CENTRAL LUZON (Nueva £cija)

Soledad, Sta. Rosa Wet

Malapit, San Isidro Wet

Polilio, Cabanatuan Dry

Sta. Cruz, Zaragosa Dry

BICOL REGION

Libon, Albay Wet

San Jose, Camarines Sur Dry

Buhi, Camarines Sur Dry

80

46

42

22

25

- 32

55

39

771.4

1423.2

1242.3

1350.27

1209.197

1739.392

1037.914

1017.041

IR20
IR26
IR1529
IR1561

IR26
IR30
IR579
IR1529
IR1561

IR26
IR30
C4~63G

IR747
IR30
IR20

C4

C4
IR26
Peta

C4

IR20
IR26
IR30

(A
IR26
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Preliminary results from village level field trials in Central

Luzon have been summarized in a number of working papers issued by the

.

Department of Agriculturai Engineé}ihg.aud iisted in the attached bibliog-
raphy (27 and 28). Results of the study in Bicol were reported in the
publication "The Technical and Economic Characteristics of Rice Post-
Production Systems in ihe Bicol River Basin' (29). Analysis in these field
trials centered mainly on the measurement of quantitative anquualitative
losses between alternative systems. Some evaluation of costs and benefits
incurred wus included, but the issues involved in making a choice between

alternative techniques were not addressed in depth.

Scope and Objectives of the Present Study

It is the purpose of the present study to conduct in-depth
analysis and evaluation of these alternative post-prqduction systems.
The four post-production systems considered in the pilot trials were
further segregated for each of the specific post-production tasks.
Harvesting, handling and drying operations were categorized according
to timeliness in the performance of each tasks. Under "traditional"
threshing and cleaning, it was noted that different tools or equipment
were used in different locations thus allowing a further sub-grouping
in these two operations. The IRRI study made no distinction among
these traditional techniques.

The following are the sub-categories used under each specific
post-production tasks:

Harvesting

a) immediate harvest (i.e. accomplished within the day)

" b) delayed harvest (took more than one day to finish job)
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Handling

a) timely nandling (done immediately or simultaneously with
ha.vestin;) '

b) delayed handling (delayed or staggered bundling, hauling,
stacking)

Threshinp
" a) threshing frame (hampas)

)

b) flail or stick

¢) axial-flow thresher

‘Cleaning

a) winnowing basket or sieve (bilao or bithay)

b) wooden winnower (known locally as hungkoy)
¢) axial-ilow thresher
a) timely sun~drying
b) delayed sun—-drying
c) timely batch drying
d) delayed use of the batch dryer
The choice of alternative techniques in harvesting, handling,
thr.shing, ‘cleaning, and drying in the two regions are examined in the
light of ﬁhe technical, economic, social, cultural, institutional,
 :nvironmental and other factors as they influence the decision-making
process. | |
This study is perhaps more problem-seeking or investigating than
problem-solving sincé it is an exploratory one. Through the analysis‘
"of data generated from the village level field trials, tﬁe study attempts

to pravide partial answers to the following questions:
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1. What is the range of alternative technologies currently
available in rice harvesting, handling, threshing, cleaning,
and drying in the study area?

2n extensive state—of-the-arts review of existing post-pcoduction
bractices in the area will determine the relevance of the entire choice
" of technology issue. For the issue to be relevant, there should be a
rénge of alternative technologies embodying significantly aifferent
technical and economic charactéristics from which a choice can be made.

2. What are the nature, patterns, magnitudes and causes of losses
under various systems of post-production technology and manage-
ment? |

While there is a need to accurately measure losses in alternative
techniques to justify choice, it is just as important that loss assessment
studies should lead to a better understanding of the complexity of the
concept of "loss". There is no pgreed definition of ''loss' because of
its varied nature; loss may refer to loss in weight, quality, nutritive
value, market value, etc. Each of these types of losses may have differ-
ent significance that varies with people, time and place and in the face
of existing methods and conditions of evaluation.

3. What are the factors that explain the choice of technology

in rice post-production systems?

The post=production system is a complex interéction of numerous
factors which frequently result in lcss, be it food, effort, or |
efficiency. The method of quantifying and qualifying these factors
(e.g. technical, economic, social, cultural, institutional, etc.)vmust
be examined and anaiyzed in order to fully understand the vatyihg
efficieqcies and/or inefficiencies of alternative systems rather than

simply estimating relative weight loss.
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STUDY DATA AND RESEARCH WETHODOLOGY

~Fia1d Trial Design and Methodology

Saca used 'in this study were taken from the results.of the
Vfield levelltrials conduct:ed by the Department of AgriCuitufal Engineering’
of the Intarnctional Rice Research Institute in Central Luzon and Bicol
' Regions from- 1975 to 1977.1 These include the input-output data fbr the
diffoarent post production operationa suci as labor requigements, expend-
itures (fixed and operating), quantitative and qualitati;e losses, outputs
or yields, and results of the laboratory analysis for paddy and milled
rice.

To supplement information from the field trials, rice farmgrs
were ipterviewed regarding their hafvgsting, threshing, drying, storage,
milling and trzading practices as well as their attitudes and preferences
in the choice of alternative post production techniques. Produqtion and
disposal were asked in order to estimate rcspondents' marketable surplus

of rice.

he project in Central Luzon was the .senior author's major project
whiie working in the Department of Agricultural Engineering at IRRI. In
the Bicol project, she was instrumental in the conceptualization
of the research design, selection of the project sites and dovelopment
of the field interviewing and evaluation format. In recognition of her role,
an agreement was signed between the Food and Feed Grain Institute of the
Kansas State University and the Department of Agricultural Engineering,
International Rice Research Institute providing use of the data
generated from the field trials for further research at Kansas State
' University. : '

-17-
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" Information on insﬁitutéonal_arrangementa was obtained through
personal interviews with farmers, hired léborers, machine owners, operatcers
and other resource persons. Additional information relevant to the analysis
was taken from secondary sources such as published materials, censuses and

statistics, and on-going research for the study areas.

The Study Areas

The great plain® of Luzon is the most important and largest single
plain in the archipelago{ It is a highly developed agricultural region
where a large percentage of the Philippine population is found. Central
Luzon is known as the '"rice granary" of the Philippines. It encompasses
" .the provinces of Nueva Ecija, Pampanga, Bulacan, Tarlac, Zambales and
ABataan. |

Tiie central plains is extremely flat with a land are. of 18,280 sq
km. The Central Luzon basin has a highly seasonal distribution of rain-
fall. It is shielded by the Caraballo mountains when the north and north-=
east trade winds blow, an< by the Zambales mountains the remainder of the
year. .There is a pronounced dry season from November to April. However,
tl.e southwest monsoon trade winds bringlraina from June through October.
The mean monthly rainfall over 20 years averages 5 mm in January and 383
mm in August. In combination with irrigation, farmers design their cropping
sequences to make full use of the rainfall pattern, plahting their first
crop in June and their second in December.

In Central Luzon plains, rice is the most important crop, and
rice growing is the basic farming pattern. The region accounted for 14
percent of the country's harvested area in 1974~75. and 18 percent of the
national rice production in 1974-75 (30). .

' Nueva Ecija, one of the postharvest project sites, is the seat
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of various agricultural development projects including the Upper Pampanga
River ptoject which includszs Pantabangan Dam, the largest single infra-
structure project in the Philippines. Nueva Ecija is located in the

heart of the central plain lying north in the Caraballo and Sierra Madre
mountains. It is bounded by Bulacan on the south, Nueva Vizcaya and
Pangasinan to the northeast, Pampanga to the southwest, Tarlac on the west
and Quezon on the east.

Nueva Ecija rice farms comprise about 29 percent of the total area
planted to rice in Central Luzon. It has also one of the highest yields
per-hectare in the country. It's land area is 5,284 sq km.

The Bicol Region, on the other hand, is in the southernmost part
of Luzon. It consist of the provinces of Camarines Norte, Camarines Sur,
Albay, Catanduanes, Sorsogon and Masbate. The valley of the Bicol River
Basin on San Miguel is mainly important for the production of lowland rice.

Camarines Sur, also one of the project sites for village level
field trials, lies in the southern part of Luzon and is bounded by the
Province of Albay on the south. It 1ies at the very heart of Bicolandia
covering a total land area of 5,269 sq km. The landscape of the pro-
vince embraces the volcanic regions of its two massive extinct volcanoes
and an extensive valley through which the Bicol river meanders. Two dis-
tinct seasons dominate the year-round weather condition of the province,
the wet season and the dry season. The wet or rainy season is ordinarily
characterized by typhoons. Camarines Sur is reported by many as the rice
granary of the Bicol Region.

Another area selected for the village trials is Albay, one of the
most progressive agricultural province of the Bic61 Region. It lies
in the central section of the southeastern volcanic region of the island

of Luzon. It has a total area of 2,553 sq km. Albay's general topography
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ranges from level to gently sloping, rolling to hilly and mountainous.

The level areas consist of the interior and the coastal plains. Two types
of climate prevail in Albay. Central and eastern Albay has a very pwo-
nounced maximum rain period and no dry season while western Albay has no

pronounced maximum rain and no dry season.

Village Level Trials

This section incorporates discussion of criteria and procedures

followed in planning, selecting and implementing field trials.

Site Selection. The field implementation of the postharvest

trials required the IRRI staff to live in the study area throughout the
duration of the experiment. Site se'ection was partially based on a
sequential series of harvesting calendars to allow a single assessment team
to move from one site to another without having t&lmanage operations at two
or three sites concurrently. The selected site was required to have at
least 50 hectarzs planted to irrigated rice and with at least two crops
of rice per year.

The field trials in Central Luzon were conducted from the wet
season 1975 to wet season 1976 in .four municipalities of Nueva Ecija
Province - - Sta. Rosa, San Isidro, Cabanatuan and Zaragosa.

In Bicol, the field trials were initiated in 1976 in two municipal-
ities of Camarines Sur and one in Albay. In Libon, Albay, the trials were

carried out for the wet and dry seasons while in San Jose and Buhi,

Camarines Sur, the field trials were only for the dry season.

Selection of Farmer Cooperators. In order to insure success in

the implementation of ihe field trials, a series of meetings were held

at selected villages. The whole concept of the proposed trials and
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the duties and responsibilities required of the participating farmer

association and selected farmer cooperators were discussed (Appendix A).
Farmer cooperators were picked from those members of the selected

association wiio were willing and interested in project participation. Farms

included in the experiment were in a contiguous area, double-cropped,

irrigated and with relatively homogenous soil and yield history.

Acquisition of Postharvest Equipment. The threshers and dryers

uted in the pilot trials were purchased through the project fund and
sold to the farmers' association selected for the field trials. An
equipment purchase agreement was signed by the president of the associa-
tion, the manager of the Area Marketing Cooperative (AMC) and a repre-
gentative from the couperating agency through which the project was
being implemented. In Central Luzon, the project was implemented in
cooperation with the Integrated Development Project for Nueva Ecija (IDP/NE).
In the Bicol Region, the vesearch was conducted in cooperation with the
Bicol River Basin Development Program (BRBDP). Under the terms of the
Purchase Agreement, the cooperating agency sold one axial-flow thresher
and a twin-bed batch dryer to the farmers' association. The machines were
amortized over a period of not more than five years with 8 percent interest
_charged on the unpaid balance. No initial downpayment was required from
the association for purchase of the equipment. ~The first smortization
was made after one year of custom renting the postharvest machines to
members and other farmers in the area or neighboring towns. This was to
enable the association to generate enough income to pay for the operating
expenses and amortization without necessitating the use of the funds of
the organization.

The Area Marketing Cooperative acted as intermediary or guarantor

of the loan by the association from the agency. All threshing and drying
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fees (either paid in cash or in kind) collected from the use of the machine
vere deposited to the AMC. The AMC in turn acted as marketing agent and
liquidated stocks. Forty percent of the gross income from the use of
equipment was given to IDP/NE as amortization charge while 60 percent
remained with the association to defray expenses on labor, fuel and oil,
and maintenance.

In the Bicol study, there were no Area Marketing Cooperatives so
the individual farmer association paid their amortization directly to

the Bicol River Basin Development Program.

Alternative Pogt—Production Systems. Four systems involving

alternative combinations of technology and management were utilized in
the village level field trials (Figure 1), karvesting operations in all
four systems used the scythe or sickle as traditionally practiced in the
area.

System I exemplified traditional technology. Threshing was entirely
nanual with the operator using either a threshing frame (hampasan),
flail or stick or manual and/or animal treading. Threshed paddy was sun-
dried prior to storage and milling. System I served as the control
against which the resuI;a from the other systems were compared.

Improved technology was used in System IV, Paddy was mechanically
threshed with the IRRI-designed axial-flow thresher and subsequently dried
in a twin-bed batch dryer.

Systems II and III ;ombined elements of traditional and improved
systems in the threshing and drying operations. System II involved manual
threshing, but the IRRI-designed batch dryer was used to remove moisture
prior to storage and milling. In System III, the IRRI~-designed axial-

flow thresher was used immediately following harvest, although the paddy
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was dried under the sun.

Mechanical Thresher and Dryer Specifications. The IRRI-axial flow

thresher has a 122 cm-long pegtooth threshing drum inside a full-length
oval-shaped concave. The material is loaded onto the tray and fed into
the opening between the cylinder and :he concave at one end of the
machine. The threshing section consists of a rotating pegtooth threshing
cylinder enclosed by a round bar grill or wire mesh concave, and a round
or hexagonal cover provided with inclined louvers. The louvers assist
the axial movement of the material from the feed to the discharge end of
the cylinder where it is thrown by the straw paddles. Threshed grain drops
through the concave openings where it is either collected or cleaned. A
centrifugal blower winnows threshed grain as it falls from the concave.
Winnowed grain is conveyed by an auger to a rotary screen which removes
residual straw not separated by winnowing (31).

The thresher is mounted on wheels for mobility and it can be
hitched to a tractor or a caraboo (water buffalo) for ease of movement
inside the field. The machine is a throw-in type with axial movement
of material inside the thresher. It has an output capacity of a ton or
less per hour of threshed cleaned paddy depending on the cundition of
the paddy.

The IRRI-designed batch dryer consists of a flat bed with per-
forated screen floor, a blower, a 3-HP engine or a 2-HP electric motor,
ducting, a grain bin and either a kerosene burner or a rice hull furnace
to raise temperature of the drying air (32).

The kerosene burner is a gravity flow, pot type consisting o% a
bowl, baffle, and cover. Fuel from a tank is metered by a manually con-

trolled needle valve. A safety valve actuated by a counterweight vane,
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stops the fuel flow when the burner stops. In case of rice hulls. as
alternative energy source, a furnace consisting of a rectangular fire
brick chamber with fire brick walls dividing the chambers into comb-
ustion and ash settling sections is used instead.

vaa dryer assembly is connected to the plenum chamber of the bin
by a canvas duct for ease of alignment, flexibility and to minimize
transmission of vibration from the engine to the bin. The ducting con-
ducts the heated air to the plenum chamber below the perforated screen
of the grain bin, whiéh provides space for the grain to be dried.

The blower is 45.7 cm diameter, vane axial type, driven by a
2-HP electric motor or 3-HP gasoline engine. The engine is wounted on
the side of the blower assembly with a shroud to recover engine heat.
During operation, the blower Yraws heated air from the burner, or the
rice hull furnace, and the engine forces it through the grain via the
ducting and plenum chamber. Heatea ambient air decreases in relative
humidity which increases its moisture absorbing capacity. Heated air
passing through the grain mass transfers heat to the grain and absorbs
evaporating moisture. This process continues until the grain is dry.

The twin-bed system is similar to the batch dryer with the
addition of another bin and duct system. Heated air is alternately
directed to each bin for certain time intervals. The bins can be
arranged either as a V-shape set-up, end to end or side by side to
minimize spaca. The twin-bed system increases dryer capacity by re-
ducing dryer downtime thus improving the performance and flexibility of
its use.

The mnchiné will dry a ton of paddy in 4 to 6 hours depending

upon the initial moisture content of the grain.
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Implementation of the Field Trials. Depending on the minimum

paddy requirement needed to operate a particular system, one or more plots
were used in each systeﬁ treatment. When more than one plot was required,
every attempt was made to insure comparable variety and planting dates.
For the field trials in Central Luzon, System I required a minimum of
0.5 tons while systems IL, III and IV required 1.25 tons each. In the
Bicol field trials, the minimum paddy requirement was greater to permit
replicated commercial milling tests. Systems I and IV had a minimum paddy
requirement of 1.75 tons each while Systems II and III required a minimum
of 1.0 ton each. |

The area of plot(s) selected for a given system were measured and
identified with individual tags. Farm maps for all fields included in
the trials were prepared as guides in the planning and scheduling of farm
operations.

Replicated crop-cut samples using a two square meter sampler were
taken in each post production technology to measure the potential yield

at the field level. Actual area yields were obtained by measuring yields

after threshing and again following drying. Paddy samples were also
taken at each stage of the operational sequence and amalyzed in the lab-
oratory to determine changes in quality resulting from the use of a part-
icular treatment. All weight measurements were corrected for moisture
content and impurities.

The labor employed for each operation within individual systems,
the costs incurred to perform each operation, and the time required to
complete an entire sequence of operations were recorded. Rest pcriods
and breaks for snacks and meals were not included in computing total

man hours utilized in each operation and/or system. Labor figures, there-
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fore, pertain to the net time utilized in the performance of the different
post production tasks. Harvesting in this study covers the time required
to cut straw or individual panicles of grain. i’andling includes bundling, .
gathering and stacking of harvested paddy in the field or along the road-
side, irrigation dikes, or any other locations in preparation for threshing.
Threshing, on the other hand, is defined as separation of the grain from
the stalks. Under the traditional system, threshing is considered separ-
ately from cleaning er winnowing which involves separation of the grain
from immature kernels, chaff, stone and other foreign materials. In the
ease of mechanical threshing, the paddy is simultaneously threshed and
cleaned during the threshing operation. The time required for drying
includes handling of threshed paddy in preparation for drying (e.g.,
bagging, weighing, spreading of threshed paddy on the drying floor, etc.),
management of the drying system, and collection and rebagging of dried
paddy. |

Physical loss and quality deterioration measurements necessary to
impute relative benefits and costs for each system were also compiled
at each stage of the post-production operations. A more detailed Zis-
cusgion of these loss assessment procedure is presented in subsequent

sections of this study.

Analytical Framework

A study of alternative systems in rice post production is a
multifaceted problem that encompasses a wide range of operations from time,
place and form of harvest to the time, place and form of consumption.
Post-production systems include (a) the technical cperations of reaping,
handling, threshing, cleaning, drying, storage, milling, etc., (b) the

~ associated trading practices and malpractices, (c) the standards, grades
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and measures of the commodity, (d) the financing-credit system for the
rice industry, (e) the physical and institutional infrastructure through
_which altetnative.poét-production technologies operate, (£) the influence
of governmental incentives, regularoty measures, pricing philosophies
and policies, and price stabilization strategies on the developmental
growth of the industry, (g) the set of cultural, social, organizational,
institutional, technical and economic conditions in which the system
operates, as well as (h) the attitudes and preferences of the different
sectors directly or inditectly involved in the rice post-production system.

Such a study of large, complex systems is facilitated by a method
called the "systems approach'" where individual elements of the system are
analyzed and then these elements are interconnected in such a way as to
maximize the performance of the system as a whole ... AThe systems view
is a holistic one, which implies that isolated ;tudy of parts of the
system will not be adequate to understand.the complete system. This is
because the separate parts are linked in an interacting manner. A
system implies a complex of factors that are interrelated, it implies
interaction among these factors and it implies that a conceptual bound-
ary may be erected around the complex as a limit to its organizational
anatomy" (33).

In this study, evaluation of alternative post production tech-
nologies was limited to harvesting, handling, threshing, cleaaing and
drying (Figure 2). Each individual system was assessed within the
context of internal and external factors that are likely to influence its
perférmanée, including farm size, output and input priées, labor supply

and programs, grain quality standards, supportive infrastructures,
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institutional arvangements, etc. (Figure 3),

Criteria for Choice of Alternative Technology

_ Whenever alternatives are available there is always the queﬁtion of
what choice or combination of choices will prove most effective from the
‘ point of view of thpse %ho are making the decisions.

The choice of technology issue deals with the criteria used in
making the éhoicé, the decision process followed and the.consequence of
the choices made in terms of uéage\of the different factors‘pf production.
The characteristics of alternative systems have to be considered in order
to‘predic: and understand the importance of socio-economic and technical
variables as determinants to the choice and adoption of a given post pro-
dgétion technology (34). There are three characteristics that are part-
icularly important in this regard: a) eﬁficiency, b) factor intensity,

_and c)- complexity.

Efficiencx. The issue of efficiency relates to the impact of
the technology on costs and yields at the farm level and ultimately on
the net farm income. Efficiency is generally measured by changes in
costs per unit of oufput resulting from new and improved inputs or better
management of existing factors of production.

There are three measures of efficiency for evaluating decision
criteria on investment choices according to Barker (35):

"engineering efficiency - the ratio of physical output to physical

input.-
private éfficiency -~ the rate of'retufn to private ihvestors, and
"social efficiency - the rate of return on investment using shadow

prices for factors and products,
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including the spillovers that are nﬁt
captured by the investors.

"The diyergence of social from engineering or private efficiency
ieads to a‘misallocation of resources. The conventional view of economic
development theory is that market imperfections cause private efficiency
to diverge from social efficiency. These market imperfecticns generally
take the form of subsidiged interest rates on credit, market wages above
the opportunity cost of labor, and overvalued exchange rates, all of
which tend to bias private investment toward more capital-intensive
techniques. Taxes, subsidies and xternalities may also be a source of
bias." |

Factor Intensity. This issue relates to the effects of a specific

technology on factor shares, i.e., <capital-using (labor-saving) - if the
ratip of capital to labor employed in the production process rises - or
labor-using (capital-saving) - if the capital-labor ratio falls. The
significant point is that if factor prices remain constant, technical
change which is labor-using increases the relative income share of labor,
and capital-using technical change increases the relative share of capital.'
(36)

Deriving the respective labor (or capital) intensities of each
' technique, expressed as either the capital-labor ratio or labor-output
ratio and determining whether they could be ranked into a continuum
ranging from a least labor intensive to a most labur intensive techni-
que would give a rough indication of the péssibility of labor-capital
substitution in the activites being studied. For the purposes of this
study, capital-labor ratio is expressed as value of capital divided by

man-hours employed per hectare and per ton of threshed, dried paddy
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(i.e., two ratios are computed). Capital here refers to fixed investment
(i.e., outlay for machine and other capital investment); hence, the capitai-
labor ratio is given by fixed capital per man-hour employed in the produc-
tion of a standardized unit of output,

The standardized unit of output used in this study is a ton of
threshed, dried paddy to facilitate estimation of annual capacities of
different machine§ used in the operations. Labor is measured in man-
hours per éon of threshed, iried paddy. Capital input per ton of paddy
was determined by adjusting both investment outlay and fixed repair and
maintenance cost for annual capacity and then adding the operating cost
per ton of paddy. This required reasonable assumptions on the estimated
actual annual capacities of machines included in the analysis (a more

detailed discussion of the assumptions is presented in Chapter 4).

Complexity of Concept and Application. Studies focused on the

issue of choice and adoption of a given post-production system often
neglect the fact that a technology is a stream of practices and inputs
whick requires adjustment in resource use and management skills and
techniques to achieve full benefits accruing therefrom (36). A new
technology may represent an improved input or production method that is
consistent with existing practices. Conversely, the adoption of a
new technology may require acceptance of new biological or technical
concepts and/x the ability to follow detailed technical procedures.
Both have important implications for adoption and effective utilization
of ‘proposed technological change.

| The choice of technique in alternative post-production operations
is complicated and conditioned by numerous factors. A frequent problem

in developing economies like the Philippines is the. distortion of relative



34—
market prices for labor and capital with respect to relative factor
scarcities, resulting in non-optimal use of factors of production.
Furthermore, prevailing institutional structures, access to markets
and the nature and level of economic incentives facing farmers heavily
condition the choice of techniques. The harvesting and threshing phase
of post production is particularly sensitive in terms of labor dis-
placement due to widespread practice of paying labor a portion of the
harvest after the threshing operation. |

In this study, the institutional arrangements prevailing in the
study area were examined and their effects on the choice proolem assessed.
Similarly, other external factors influencing the choice technique, such
as quality and price incentives, government policies and programs, etc.,

were analyzed.

Models Used in the Study

Three analytical models were used to examine efficiency of
alternative post=-production systems; rate of teturn on investment,
physical loss response functions and quality deterioration response

functions.

Economic Feasibility of Technology Investments. A farmer's

receptivity to improved post-production technology is conditioned by

the availability of capital input. Farmers with sufficient capital

are more receptive to change because financially, they can afford to

take risks as their resource base is relatively bigger than those farmers
who do not have 2 stable capital base., The choice for a given tech-
nique. is therefore dependent on whether the capital investments farmers

themselves are expected to make will be profitable,
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in order to compare the.efficiency of alternative post-production

techniques, the Users Guide to Computerized System for Feasible Agri-

business Development (8) was used in the study. The principal measure

of economic soundness used in the feasibility analyses program is the
potential annual rate of return on investment based on the time flow of
woney into and out of a given post-production alternative. The rate of

return is calculated by solving for r in the formula:

IO + +* + [ XY WY + -
(1 +r) (1 + r)? (L+ )"
Bo + 51 Bz Bn
+ + 00 000 ¢ +
(1 +r) (1 +1)? (1 +r)n

where:
I = net investment each period
B = net benefit each period
n = represents the periods 0, 1, 2, ..... n starting
with the present

r = interest (discount) rate

Three discounted measures of investment worth were used in this
study; net present value (NPV), benefit-cost ratio (B/C) and comparative
rate of return (CRR), Net present value is simply the present worth
of the cash flow stream, It is computed by finding the difference between
the present worth of the benefit stream and the present worth of the
investment stream at a specificed annual discount rate. Benefit-cost
ratio, on the other hand, gives the discounted benefits per dol‘ar of

discounted investments, also at a specified annual discount rate.
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Comparative rate of return (CRR) was used to measure the differential
rate of return to total capital investment in an alternative post-production
system compared to a base case system, which in this study refers to the
traditional method of threshing, cleaning and drying commonly practiced in
the two study areas. In Central Luzon, the common practice is threshingj»
with the use of the frame (hampasan), cleaning using the winnowing basket
(bilao) and drying paddy under the sun. In Bicol, the traditional
system consists of threshing paddy with a flail or stick combined with man-
ual treading, cleaning with the aid of wooden winnower (huugkoy) and
paddy sun-drying.

In comparative rate of return, I is defined as the schedule of
additional capital for the alternative compared to that of the base case,
and B, 38 defined as the schedule of additional net earnings (or savings)
for the alternative compared to that of the base case. The internal
rate of return (IRR)Z for the alternative equals the IRR for the base case
plus the CRR.

In the analyses of benefits and costs among alternative post-pro-
duction systems, benefits were measured in terms of output or yield which
take into account the marginal benefit (in terms of grains recovered) of
improved systems over the traditional ones. Alternatives were analysed

which also ascribe increased value of improvements in the quality of the

2The internal rate of return represents the average annual earning
power of total capital investment over its expected useful life, regardless
of how the enterprise is financed and how the earnings are distributed.
It is computed by finding the discount rate which just makes the net pre-
sent worth of the cash flow equal to zero, i.e., it is the discount rate
at which costs equal benefits. In the internal rate of return, I is defined
as the schedule of total investment, including replacement of depreciable
assets as needed, and B is the schedule of net earnings before depreciation,
interest payments and income tax.
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grains for systems using mechanical dryers on the assumption that specified
price margins are given for good quality grain.

On the capital outlay side, the acquisition price of each piece of
capital investment in a given system or technique was used. For the mech-
anical threshers and dryers, the commercial price was considered in the
analyses instead of the project price to simulate the actual outlay farmers
would have if they purchase the equipment in the commercial market. Fixed
costs consist of repairs and maintenance and related expense.

Operating costs include the value of fuel, oil and grease and the
wages of hired labor. A more detailed discussion of the assumptions used

in the analyses is presented in Chapter 4.

Loss Response Functions. The loss response functions were estimated

using the General Linear Models (GLM) of the Statistical Analysis Systems
(SAS). The variables considered in the models were selected from a whole
list of explanatory variables based on economic theory, logic and statisti-
cal relationships. These include those variables that showed significant
influence on the variability of physical and quality losses using the
Central Luzon data which include: (a) post-production input variables,

(b) inferior quality characteristics of paddy and milled rice, (c) varietal
characteristics, and (d) interactions between pairs of independent variables.
In the analysis, the data from the two regions were combined to increase

the siee of sample to 295 observations (145 from Central Luzon and 150 from
the Bicol Regions). Two post-production tasks were considered in the assess-
ment of physical and quality losses; threshing and drying. The choice was
limited to these two tasks because preliminary results from Central Luzon
indicated that among the different tasks, it was in threshing and drying

operations that the influence of the different paddy and milled rice
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characteristics on physical losses and rice recovery was more evident.
The loss response models were grouped into two general categories:
(1) physical loss response functions, and (2) quality deterioration

response functions,

(1) Physical Loss Response Models. In the physical loss response

models, two dependent variables were considered; threshing loss (THLOSS)
and total milling recovery (MILLREC).

Threshing loss is the difference between the potential harvest
yield per hectare obtained from crop-cutting and the actual amount of
paddy recovered after threshing and cleaning including the amount of
grains recovered from gleanings, i.e.,

Loss per hectare (Y) = harvest yiald (X3) - threshing yield (X;)
x 10,00C

Plot size (X,)
where: harvest yield (X3) = potential yield based on  Jp cut
samples corrected for mo’ re
content and impurities
threshing yield (Xj) = weight of paddy recovered a.ter
threshing operation corrected
for moisture content and impur-
ities
plot size = area of plot included in the field trials.
Percent total milling recovery, on the other hand, is a measure
of milling yield rather than of milled rice obtained (see Appendix B). It is

computed as:

% Milling Recovery = wt., of milled rice obtained
wt. of paddy sample used in hulling

x 100
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(2) Quality Deterioration Response Functions. The two measures

considered as dependent variables in the quality deterioration response
models were percent head rice recovery and numerical grada of milled
rice as defined in the Philippines Standard Grade Requirements for
Milled.Rice (Appendix E). Head rice recovery was selected as one of
the dependent variables since from the laboratory analysis of paddy
samples taken during the field trials, three measures of milled rice
quality were considered: (1) percentage head rice, (2) percentage
broken kernels, and (3) percentage brewers rice or "binlid" (Appendix C).
The higher the percentage head rice, and conversely, the lower the ber-
centage of brokens and binlid, the higher the quality and greater the
value of a given quantity of milled rice. Because the percentage of
brewers' rice was very small for all samples, the correlation between
percentage head rice and percentage brokens is nearly =<1.0, so that one
measure acts as proxy for the other (see Tables 4 and 5). For this
reason, percent head rice was used as the dependent variable for quality
of milled rice in the regression analysis reported in this section.

Grade of milled rice (GRADE) in this study refers to the overall
quality of the grain in terms of bercent head rice, brokens, brewers'
rice or "binlid", damaged and chalky kernels, presence of other varieties,

red rice and percent foreign matter, i.e.,

GRADE = HDRICE + BRKENS + binlid + damaged kernels + chalky

kernels + other varieties + red rice + foreign materials

Using the Philippine Scvandard Specifications of Grade for Milled

Rice (Appendix E), three grade classifications were used in this analysis:
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Grade 1 = when total percentage points are less than or equal 110
Grade 2 = wvhen the total percentage points are greater than 110
but is less than or equal 125

Grade 3 = when the total percentage points are greater than 125

Since the amount of head rice, bfokens and brevers' rice sums
up to 100 percent, the residual above 100 reflects the total percentage
points of the inferior quality characteristics of milled rice. Therefore,
a Grade of 1 means best quality rice and a Grade 3, the poorest.

The general form of the equation and the variables used in the
physical and quality deterioration loss response functions is expressed
as:

(2-1) Y = a+bjX] +byXyg + vevvvniannns + by X

Y = dependent vafiables which include:
(a) THLOSS = amount of threshing loss per hectare (kg/ha)
(b) MILLREC = percent total milling recovery
- (c) HDRICE = percent head rice recovery
(d) GRADE = numerical grade of milled rice
a = intercept
X's = explanatory variables which include:
(a) post-production input variables measured in observed
values per staﬂdardized unit of output
(b) Inferior quality characteristics measured as continuous
variables expressed as percentage of total paddy and

milled rice weight



41—
(¢) Varietal characteristics measured by IRRI standard
scales (see Appendix B for more detail)
(d) Environmental characteristics measured as dummy
variables

(e) Interaction between pairs of independent variables

The data on yield, labor requirement and elapsed time by post-
production tasks were actual measurements recorded during the field
trials. For the different varietal characteristics (e.g. maturity,

lodging, shattering, etc.), scales were based on the IRRI Standard

Evaluation Systems for Rice prepared by the International Rice Research

Testing Program (Appendix B).

The qualitative characteristics of paddy and milled rice were
obtained from the results of the laboratory analysis of paddy samples
taken at each stage of the post-production sequence of operations (see.
Appendix D for details on how each of the figures were computed).

A more detailed discussion of the different explanatory variables
used in the General Linear Models is presented in Chapter 3. For both
physical and quality deterioration loss response models, regression
analysis was done for threshing éna drving operations. Combined physical
and quality deterioration variables were considered in the analysis to
test for possible interrelationships as these factors affect post—pwo-

duction losses and quality characteristics of paddy and milled rice.
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CPAPTER III

. PHYSICAL LOSSES AND QUALITY DETERIORATION IN RICE POST-PRODUCTION

Loss Assessment Methodology Used in the Field Trials
This section presents the general considerations and procedures
followed during the implementation of the field trials to assess

physical losses of and quality deterioration in paddy and milled rice

. among -alternative post-production systems. Problems encountered in

the assessment of losses are discussed as they relate to the accuracy

and vepresentativeness of the results.

Selection of Plots and Size Requirements

In the selection of field plots for alternative post-production
systems, care was taken that conditions in these plots were compérable in
terms of variety planted, date of harvest, soil and water condition and
production practices. Plots selected had to be adjacent or in one con-
tiguous area for compagability and ease in implementétion.

With regard to the size of plot, one major consideration was the

’minimum.paddy requirement (i.e., the smallest volume of paddy required

_ in the normal operation of a particular technology being assessed) of a

given system.. The size of plot initially selected at the point of harvest

had to be of sufficient size to provide sufficient volume of paddy re-

quired_for'each succeeding operation. Therefore, depending on the minimum

paddy requirement, one or more plots were used in each system treatment.
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For the field trials iﬂ Central Luzon the traditional system

required a rinimum of 0.5 tcne while the mechanized system or a com-
" bination of traditional and mechanical requifed 1.25 tons. In the Bicol
field trial;, the minimum paddy requirement was greate. to permit re- |
plicated commercial milling tests. The traditional and fully mechanized
systems reqﬁiréd a minimum of 1.75 tons each while systems with combined
traditional and mechanized techniques ahd a minimum of 1.0 tons.

Afrer the plots were selected, the areas were measured and
marked. In the measurement of total plot size, levees and bunds not
planted to rice were excluded to avoid overestimating the actual land area
planted to paddy. Farm maps of field plots included in the loss assess-
ment exercise were prepared to serv; ag .guides in the planning of each

farm operation.

Calendar of Operation

Timeliness is a basic consideration in loss assessment studies
because any delay in planning or implementation greatly affects the
magnitude and quality;of results. A calendar of operétion for paddy was
kept for each farmer cooperator to plan and monitor the different farm
opérdtions. Harvest dates (as estimated by the farmer) were recorded
in the individual record so that all the needed preliminary steps and
~ preparation such as crop cut;ing were accomplished ahead of time. And
since dates of'harfest cén be moved either earlier or later than the
qet ;ime due to enﬁironmental and ocher uncontrolled factors, field
~ assessors had to check regularly with the farmer for amny changes during
the '"waiting period." Iﬁ spite of this, there were still instances when
the team was not notified on time about changes in' the date of harvest thus

resultiug incomplete data.
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" Problems were also encountered in the timely ﬁsé of the mechanical
threshers by farmer cooperators. The éxial-flow thvesher has been very
popular among the members of the farmer associations, go that cooperators, -
who according to project agreement were to be given prioritv in the use
of the machiﬁe, actually had to wait for their turn (delays averaged from
2 to 4 days). In addition to poor scheduling, lack of funds to operate
and maintain equipinent further complic;ted the préblem. There were
times when fuel and oil were purchased only when needed,'prompiing the
" field staff to make cash advances so as not to jeopardize timely
execution of field trials.

In the drying operation, immediate need for cash prompted some
farmers to sell their paddy immediately after threshing without waiting
for full completion of aaté collection. In some cases farmers were only
willing to dry a portion of their crop thus affecting continuity of the
exercise fromlharﬁesting to drying and milling. Reluctance of farmers

to use batch dryers also posed some problems.

Assessment of Physical Loss in Alternative Post-Production Operations

To obtain a more meaningful and effective result, every effort
was made to conduct the field triais in the "natural environment' without
creating any artificial condition or disrupting the farmers traditional
post-#roduction practices. The farmers were given a free hand in the
performancé of the different post-production tasks the way they ordinarily
do and it w;s only when mechanical threshers and dryers were involved that
the field staff supervised the whole oepration.

In the assessment of quanfity losses, all yield and weight measure-

ments were corrected for moisture content and impurities.
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Potential and Actual Yields

To measure goteﬁtiai yield of plots considered for a given

system, érop-cut samples were taken from fields declared ready for harvest

by the farmer cooperator. Crop-cut sampling was completed by the project

feam before harvesters were allowed in the field. The two square meter

sampling frame was used in the field trials with the number of crop-cut

samples dependent on the total area plots under consideration. Actual

area yields'wefe obtained by measuring output after threshing, cleaning,

and again following drying.

Harvesting Loss

" The different loss components assessed during harvesting include:

(a)

(b)

(c)

Qhat:ering loss, which is the premature shedding or separation
of sound and mature grains from the panicle. This i§ caused
by wind, birds, varietal characteristics, maturity, handling
operations, etc.

Lodging loss, which includes sound and mnture grainé that

~remain intact with the plants that are drooping or lying

flat on the ground due to varietal characteristics or

environmental conditions.

Standing crop 1053; which corresponds to~the sound, mature
grains left harvested on the standing plants during harvesting
operation as a result of oversight, carelessness or haste

in accomplishing the task. This is very common for border.

line plants where tall grasses or weeds grow side by side

‘with the rice plant.
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To assess harvesting loss, a 2 sq m steel sampling frame was used.
_Depending on the total area of a given plot, the sampler was used two
or more times within the total field where harvesting had just been
compléted. All grains within the area of the frame that had fallen on
the ground or which were left intact in standing crops as well as lodged
plants were manually picked and weighed., Efficiency of this exercise
was hampered by recurring rains resulting in flooded fields especially

during the wet season. Data gathered were limited, correspondingly.

Stacking Loss

To measure stacking losses, farmers were provided with plastic
or canvas sheets to.be usad as uﬁderlay for the .arvested paddy while
waiting for the threshiﬂg operation. The grains remaining on the sheet
after bundles were taken and carried to the threshing site were considered

aé~s;écking loss.

Threshing Loss

The Aifferent loss components considered during threshing include:

(a) Loose straw and chaff loss, which includes the sound and
mature gfains that were mixed with the straw or chaff or
and other impurities during the threshing/cleaning operations.
In the case of mechagical threshers, this is usually referred
to as blower lossc. ﬁ

(b) Scartered loss, which is composed of sound and mature grains
scattered on the gound after the threshing and/or cleaning
operations.

(c) Unseparated grain loss, which include the sound and mature

grains remaining on or in the straw after completion of the



48~

threshing operation. This is usually referred to as
separation loss in mechanical threshing.

In the case of traditional methods of threshing using either
the flail and/or stick or the threshing frame (hampasan), canvas or
plastic sheets were spread near or on the threshing floor to catch all
possible grains los!: or scattered during the operation. After threshing,
all the sound and mature grains scattered on the sheet or outside of
it away from the heap of threshed paddy were manually picked, weighed
'and_moisture content recorded. This recovered grain was recorded as
scattered loss if the farmer does not ordinarily try to recover it. If
he does, then it was not considered as a loss.

When local people are allowed to glean or re-thresh the straw,
the grains recovered by these gleaners (mambabarog) were considered part
of the threshing loss. Ocassionally, field staff would check further
the threshed straw worked by gleaners and recover whatever sound grain
that may still be present on the straw. Grains recovered by the staff
were added to the total threshing loss figure. .

With the axial-flow thresher, canvas and plastic shezts were
also used to recover and assess paddy discharged onto the ground. Sheets
~ were spread near the feeding and bagging area to recover any scattered
losses. Separate sheets were used to catch the blower output. To
determine separation loss, the threshed straw was manually re-threshed
or mechanically recycled in the thresher (depending on the volume of straw
invélved) to recover sound and mature grains remaining on or in the stalks.
~ Sound and mature grains mixed with the chaff or broken straw coming from
the blower/screen outlet were collected and recorded as blower loss.

Scattered grains on or outside of the sheets at the feeding and bagging



=49~

area not ordinarily recovered by the farmer were picked and recorded as

scattered loss.

Cleaning Loss

Assessment of grain lost during cleaning or winnowing operavion
was initiated only in the traditional system using either the winnowing
basket (bilao) or wooden winnower (hungkoy). Loss figures under this
operation consist of the scattered sound and mature grains mixed with the
chaff or straw that were blown away during cleaning and were not normally
recovéred by farmers. The use of canvas or plastic sheets facilitated

recovery of scattered grains.

Drying Loss

Assessment of drying loss was based upon the simple principle
of weigh-~in and weight-out. Initial and final moisture content and weight
measurements were taken from each system before aud after drying.

In this study, drying loss pertains to handling loss which
is the removal of the grain or portions of grain from the drying system
due to 3pillages improper or careless handling, pilferage, consumption
by birds, rodents, or chickens, blown by the wind either from natural
causes or by passing vehicles in case of paddy drying along or beside the
road or highway.

To arrive at the handling loss figure, the weights obtained
before and after drying were first adjusted to percent purity. Thus,
winat remained is the weight of pa&dy and the amount of moisture present
in the grain. The moisture content, which is on a wet weight basis,
taken before and after drying was converted into dry weight basis using

the conversion scale of Brooker, Bakker—Arkema and Hall (46).
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Then the following computational procedure was used to arrive

at percent drying (handling) loss:

(1) MC) (up) XW; =4
(2) w
(3) w, -A =DM

(4) MC) (gb) = MCy (gp) * DM, =C
(5) B-C =D

(6) D+ W; *100=E

where:

MCl (wb) ™ initial moisture content, wet tasis
W; = initial weight of paddy before drying

Wy = final weight of paddy after drying

MC) (ap) ™ initial moisture content, dry basis
MCy (dp) = final moisture contemt, dry basis
A = kilograms of water present

B = weight lost during drying

C = amount of evaporated water

D = handling loss in kilograms

E = handlidg loss in percent

DH1 = amount of dry matter
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Assessmept of Quality Deterioration in Alternative

Post-Production Operations

To evaluate the impact of alternative post-production tech-
nologies on the quality of paddy and milled rice, 750 gram paddy
samples were taken at each stage of the post-production sequence of
operations, (a) before harvest, (b) after harvest, (c) after threshing,
(d) after cleaning, (e) before drying, and (f) after drying. These
samples were dried individually to 14 percent moisture content in the
sample laboratory dryers brought to the study area. Dried samples
were then placed in individual plastic bags, labelled, sealed and
delivered to the National Foods Authority laboratory for analysis. For
the Central Luzon trials, paddy samples were sent to the NFA laboratory
in Manila while in Bicol, the NFA laboratory facilities in Ligao, Albay
was used,

In the quality assessment, camples collected during the field
trials were analyzed against the criteria prescribed by the Philippine
Grades and Standards for paddy and milled rice. These criteria include:

Moisture Content, the amount of water held by the grain.

Moisture content is usually expressed as a mass of water
per unit mass of wet grain (wet weight basis) or mass

of water per unit mass of dry grains (dry weight basis).
In trade and industry, moisture content wet weight basis
is usually used, and was used in this study.

Foreign Material, all impurities other than rice which includes

weed seeds, straw, chaff, stalks, stone, sand, dirt, etc.
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Other Varieties, rice kernels of different variety other than -
the one being analyzed,

Cracked Kernels, kernels that have seed coats cracked by
mechanical means or by drying too rapidly with
excessive heat.

Damaged Kernels, kernels or pieces of kernels of rice which

are distinctly discolored or damaged by'water, insects,

heat or any other means.

Fermented Kernels, yellowish milled rice due to fermentation or
heat.

Chalky and Immature Kernels, kernels which are undeveloped,
shrivelled and with 50 percent or more white portion.
Depending on the location of chalk on the kernel, the
chalky spots may be referred to as "white belly",
"white core" or "white back".

Red Rice, rice with any degree of redness. The red seed coat
(pericarp) is usually in the form of a firmly adhering
bran.

Head Rice, whole kernels and those not less than 3/4 of whole
kernel size.

Brokens, milled rice smaller than head rice but larger than
brewers' rice or "binlid".

Brewers' Rice or '"Binlid", portions of a kernel which will pass
through a 4/64 sieve (1.587 mm).

The procedure for the analysis of the samples obtained from each

post-production operation is illustrated in a flow diagram presented in

Appendix C.
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Results of the Field Trials

Physical Loss

A comparison of physical losses per hectare among alternative
poat—prbduction systems showed that the mechanical thresher and dryer
combination incurred lower losses than the traditional system (Table 2).
“Although these figures were tﬁken from very limited samples due to the
problems encountered during the implementation of the field trials, the
results still indicate the potential of mechanized systems in reducing
these loss.

In interpreting the results of these physical losses, one should
bear in mind that the importance of the loss varies depending on how the
farmer-owner or cultivator views them. The figures can be lower or
higher depending on whether farmers normally try to recover the '"loss"
or whether they deliberately ignore it in order to help landless laborers
and small farmers share a part of the produce thfough the gleanings they
are allowed to take freely during the harvest Qeason.

Another measure of physical loss considered in this study is the
threshing loss (THLOSS) which is the difference between the harvest yield ‘
per hectare and t..e threshing yield per hectare. Harvest yield in this
analysis was based on the potential yield obtained from crop-cut samples
taken from plots included in the loss exercise. Threshing.yield, on the
other hand, is the total amount of paddy recovered after the threshing
and cleaning operation including the amount.of gleanings or loss recovered.
All the yield and weight measurements were corrected for percent moisture

content and purity.
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Table 2. Average physical losses among alternative post production
systems by region, Philippines, 1975-1977.

Post production System Central Bicol
Luzon Region
- Percent Loss
Axial-Flow Thresher 1.10 0.48
- Thteshing Frame 2.40 1.56
Flail and/or stick - 1.20
Winnowing Basket (bilao) 1.14 -
Wooden Winnower (Egggggi) : - 1.05
Batch Drye:x : : * 0.38 0.42

Sun Dryer ' 1.16 1.24
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Amount of threshing loss per hectare incurred in subsequenp post
production operations were ranked and tested at five percent level of
significance using Duncan's Multiple Range Test in the Statistical
Aralysis System (SAS)'program. Between regions, although Bicol ex-
hibited a higher THLOSS per hectare over that of Central Luzon, the
difference was not statistically significant. Therefore, in subsequent
.analysis, observations from the two regions were combined to test for
significant differences in threshing loss among post-production tasks.

Re;ulta of the test showed significant reduction in THLOSS per
hectare when paddy was harvested on time and when mechanical threshers
were used in the threshing and cleaning operation (Table 3).

In paddy handling which includes bundling, hauliné and stacking,

lthough timely performance of the task resulted in a lower THLOSS over

that of delayed hand: lag, the difference was not statistically significant.

Quality Deterioration

There was much variability in observations for different post-
production operations between systems due largely to the failure to
control some of the variables that affected the efficient performanc;
of the different systemé during the implementation of the field trials.
Rain after harvest but before threshing often damaged the grain :hat was
stacked or bundled in the field. Timeliness in the use of mechanical
threshers likewise affected the results of the trials. Subsequent
drying operations could do little to rectify these effects.

Results of the quality deterioration analysis indicate only slight
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Table 3. Means for threshing lose (THLOSS) by alternative groupings
" in post-prodiction operations, Philippines, 1975-1977.

Item THLOSS }
(kg/ha)
Harvesting
Timely. harvest 622.93 A
Delayed harvest 849.22 B

.Handling (bundle, haul, stack)

Timely handling . 710.85 A

Delayed handling 820.98 A
Threshing

Axial-flow thresher 626.13 A

Threshing frame/flail or stick 856.21 B
Cleaning

Axial-flow thresher 639.69 A

Winnowing basket/wooden winnower 848.53 B

Comparative THLOSS by region

Central Luzon 694.77 A
Bicol Region 764.20 A

1Threahing loss (THLOSS) is the difference between potential
harvest yield per hectare and the yield obtained after the paddy i8
threshed and cleaned. Using Duncan Multiple Range Test (DMRT) at 5
percent level of significance, treatment means with the same letter
are not significantly different from each other.
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| advantage of the fully mgchanized system6 over the traditional practicéz
in terms of cracked and damaged kernels in either re~ion (Table 4). The
same is true in ﬁerms of total milling recovery. However, fhe mechanized
system exhibited higher percent head rice recovery than the traditional
system, this in spite of the delays during the threshing operation.

The Duncan Multiple Range Test of the S5AS program was used to
test whether there were significant differences in percent head rice
and percent broken kernels among subsequent post production %asks, this
time using the revised sub-grouping by specific machine or equipment
used. Results of the test showed that timely harvest had significartly
" higher percent head rice and significantly lower brbken kernels than
delayed harvest (Table 5). In handling operations, no significant
difference was observed between timely and delayed handling although
the former exhibited higher performance.

Among alternative threshing techniques, the threshing frame
(hampasan) and the ax:.al-flow thresher exhibited significantly higher
head rice recovery and significantly lower brcken kermel content than
the flail and/or stick. Between tﬁe thresh’ng frame and the axial-flow,
the former performed slightly better than che latter and this can be
partly attributed to the practice of threshing even high moisture paddy

when the mechanical threshers were used, “asulting in a lower percentage

6In both regions, fully mechanized system involved the use of

mechanical threshers and dryers.
4

Trraditional system in Central Luzon refers to the use of
threshing frame, winnowing basket and sun drying. In Bicol, trad-
itional system consist of threshing frame or the use of flail and/or
stick combined with manual treading, cleaning with the wooden winnower
and paddy sun drying. '


http:threshi.ng
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Table 4, Mean values for selected quality characteristics of paddy
' samples between traditional and fully mechanized post-
production systems by region, Philippines, 1975-77.

Criteria Central Luzon - Bicol Region

o

Traditionall Mechanized“ Traditional®’ Mechanized#®

| (percent)

. Cfacked Kernels 3.15 2.7) 4,12 3.36
Dimaged Kernels 0.85 0.66 1.39 1.66
Milling Reccvery 66,32 66.75 67.98 68,62
Head Rice 4 78.13 82.93 79.45 84,09
Brokens 20,97 16,54 19.07 14.50

1Traditional system in Cantral Luzon refers to the use of threshing
frame, winnowing basket, and sun drying., In Bicol, the traditional
system consist of threshing using flail and/or stick or the frame, cleaning
with wooden winnower and paddy sun drying.

ZFor both regions, mechinized system involves the use of mechanical
threshers and dryers.
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of head rice and more broken kernels. With traditional. systems, only
sufficiently.dried paddy can be threshed and cleaned.

.Fihally in drying, timely use of the batch dryer resulted in
significantly higher percent recovery in head rice than dzlayed batch
. drying and timely and delayed sun drying. The batch dryer aiso yielded
significancly less brokens than sun drying (Table 5).

Duncan Multiple Range Test was also used to determine the influence
of timeliness in handling and methods of threshing and drying on tﬁe
different inferior quality characteristics of paddy and milled rice such
as impurity, cracked, fermented, chalky and damaged kernels.

There were significantly lower percentages of cracked and fermented
‘kernels in timely handling than that of delayed handling. Timely handling
operations also exhibited relatively lower amounts of chalky and damaged
kernels although the difference observed was not statistically significant.
In terms of impurity, timely handling showed a greater percenqaée than
delayed operations, however, the difference was not statistically signifi-
cant (Table 6).

Among»the different methods of threshing, the mechanical thresher
(as well as the Zlail and/or stick) exhibited significantly less Egreign
matter and impuricies than the threshing frame. This in spite of the
fact that most farmers use the machine even with kigh moisture paddy.
However, this practice partly contributed to a higher percentage of
fermented kernel: for the axial-flow thresher than for the traditional
threshing frame. In terms of cracked, chalky and damaged kernels,
threshing frame performed better than the axizi-flow although the
difference observed was not statistically significa~t (Table 7).

The aiternative drying techriques did not show significant
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Table 5, Average head ri.e recovery and broken kernels by alternative

post-productirn operations, Philippines, 1975-1977.

Head Rice Brokens
1
percent
Harvesting :
Timely harvest 83,39 A 15.63 A
Delayed harvest 72,67 B 25,57 B
Handling
Timely handling 84,59 A 14,69 A
Delayed handling ' 77.78 A 21,36 A
Threshing
Threshing frame ‘ 81,87 A 17,02 A
Axial-flow thresher 78.41 A 20,13 A
Flail/stick 70.44 B 27.33 B
Drying
Timely batch drying 82,82 A 15.87 A
Delayed/staggered batch drying 77,02 B 21,63 B
Timely sun drying 76.93 B 21.66 B
Delayed sun drying 75.81 B 22,86 B

1Using Duncan Multiple Range Test (DMRT) at 5 percent level of
significance, treatment means with the same letter are not significantly
different from each other,
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Table 6. Mean values for inferior quality characteristics of paddy
samples by timeliness in handling, Philippines, 197/5-77.

Mean Values1
Item.
{percent)

Impurity

Timely handling 7.7000 A

Delayed handling 6.4050 A
Cracked kernels

Timely handling 6.0744 A

Delayed handling 9.0605 B
Fermented kernels

Timely handling 0.2322 A

Delayed handling 1.8872 B
Chalky kernels

Timely handling 8.2400 A

Delayed handling 8.4018 A
Damaged kernels

Timely handling 1.0389 A

Dalayed handling 1.3350 A

1Usmg Duncan Multiple Range Test (DMRT) at 5 percent. level of .
significance, treatment means with the same letter are not significantly
different from each other.



Table 7. Mean values for inferior quality characteristics of paddy .
- samples by methods of threshing, Philippines, 1975-77.

Item

Mean Values1

(percent)

Impurity

Axial-flow Thresher
Flail and/or stick
Threshing Frame

Cracked kernels

' Threshing frame
Axial-flow thyesher
Flail and/or stick

Fermented kernels

Threshing frame
Flail and/or stick
Axial-flow thresher

Chalky kermels

Flail and/or stict
Threshing frame
Axial-flow thresher

Damaged kernels

Threshing frame
Flail and/or stick
Axial-flow thresher

3.9199
4,6772
5.7734

2.6665
4,5641
7.459

1,2642
1.8945
1,9540

5.4765
7.3452
7.5005

0.9758
1,3363
1.5560

A
A
B

o> w > >

W w >

1Using.Duncan Multiple Range Test (DMRT) at 5
significance, treatment means of the same letter are

different from each other.

percent level of
not significantly
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differences in the amount of impurity, cracked, fermented, chalky and
damaged kernels, partly because of the limited size of sample by sub-
éa;egories. However, among the four drying systems, timely batch drying
showed the best performance in terms of relative percentage values
followed by timely sun drying. Except in terms of cracked kernels,
delayed batch drying exhibited the higher percentage values of inferior
quality characteristics of paddy and milled rice than did delayed sun
drying. This can be attributed to the farmer's practice of utilizing
mechanical dryers only when sun drying is rendered impossible and batch

drying is the only recourse to save the grain (Table 8).

Loss Response Relationships Based on Combined Trials

From the results of preliminary analyses using the Central
Luzon data, revised loss response functions were formulated and tested
to improve the model. The four post-production syistems considered
in the field trials were further segregated for each specific post-
production task according to timeliness in the performance of the
operation as well as machines or tools used (see discussien in Chapter 1).

Moreover, since no significant differences wzre observed in the
THLOSS by region, observations from the two areas were combined to in-
crease sample size.

The loss response functions were estimated using the Gen=ral
Linear Models (GLM) of the Statistical Analysis‘Sy;tems (éAS). In the
models, only those variables shown to have significant influence on the
variability of THLOSS such as labor inputs and elapsed time were con-
sidered. In addition, alternative post-production tasks were considered

as explanatory variables. The presence of interactions between pairs of
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Table 8. Mean values for inferior quality characteristics of paddy
sawples by methods of drying, Philippines, 1975-77.

Impurity
Timely batch dryxng 2.1400 A
Delayed " 4,4535 A
Timely sun " 3.1016 A
Delayed " " 3,1840 A
Cracked kernels
Timely batch dryxng 2.6958 A
Delayed " 5.7130 A
Timely sun " 5.6749 A
Delayed " " 9.8773 A
Férmented kernels
Timely batch dryxng 1.,7373 A
Delayed " 2.7894 A
Timely sun " 2,1766 A
Delzyed " " 2.5887 A
Chalky kernels
Timely batch dryzng 6.7187 A
Delayed " 8.4929 A
Timely sun " 5.7727 A
Delayed " " 7.1516 A
Damaged kernels
Timely batch dryxng 1.2500 A
Delayed " 1.6617 A
Timely sun " 1.2694 A
Delayed " " 1.4660 A

- lUsing Duncan Multiple Range Test (DMRT) at 5 percent level of
significance, treatment means of the same letter are not significantly
different from each other.
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independent variables also was tested in the models.

In the analyses, a ;ombination of quantity and quality-oriented
variables were considered in the model. In the assessment of physical and
quality losses two post-production tasks were considered, threshing and
drying. Four measures were used as dependent variables in each model;

paddy grade, percent head rice, total milling recovery and threshing loss.

The General Linear Models using SAS format were of thg forms:

(3-1) THLOSS = £ (PLTSIZE, MDHVHA, ETHV, ETTH, thresh, clean, region,
ETHVTH, brokens, impurity, THRHBROK, THRHIMPU)

(3-2) HDRICE (Threshing) - £ (crackK, damageK, thalkyK, fermentK, MC,
harvest, handle, thresh, region, MDHVHA, MDTHHA, ETHV,
HARVMC, THRHMC, THRHDAM, MDETHV)

(3-3) HDRICE (Drying) = f (chalkyK, impurity, crackK, fermentK,
damageK, harvest, handle, thresh, clean, dry, regiom,
MDHVHA, MDDRHA, ETHV, ETDR, MDETHV, MDETDR, DRYFERK,
ETTHFERK, DRYDAM, CLENIMPU, THRHCRAK, DRYCRAK)

(3-4) MILLREC (Threshing) = £ (MC, chalkyK, impurity, crackK, fermentk,
damageK, othervar, harvest, thresh, MDTHHA, ETTH, MDETIH,
ETTHFERK, CLENIMPU, THRHCRAK, HANDCRAK, THRHBROK, MCRACK,
THRHMC)

(3-5) MILLREC (drying) = £ (MC, chalkyK, impurity, crackK, fermentK, damageK,
othervar, harvest, thresh, MDTHHA, ETTH, MDETTH, ETTHFERK,
CLENIMPU, THRHCRAK, THRHBROK, MCRACK, THRHMC)

(3-6) GRADE (Threshing) = £ (MC, fermentK, handle, clean, region,
MDHVHA, ETHV, ETTH, maturity, ETHVTH, MDETHV, HANDMC,

HANDFERK, ETTHFERK)
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(3-7). GRADE (Drying) = £ (MC, crackk, farmentK, harvest, handle,
thresh, dry, region, MDHVHA, MDTHHA, MDDRHA, ETHV,
ETDR, lodge, maturity, MCRACK, MCFRMENT, ETHVTH,
ETHVDR, MDETHV, MDETTH, HARVMC, HARVFERK, ETHVFERK,

DRYFERK, THRHCRAK, HADCRAK, DRYCRAK)

where:

Dependent Variables consideredvin the models include:
THLOSS = amount of threshing loss per hectare in kg
MILLREC = total milling recovery expressed in percent
HDRICE = percentage of head rice in milled product

G2ADE = numerical market grade of milled rice

Inferior Quality Characteristics include:

MC = moisture content in percent

CrackK = percent cracked kernels

Othervar = percent other varieties of rice mixed with the grain
undr;r consideration

FermentK = percent fermented kerneis

DamageK = percent damage kernels

ChalkyK = percent chalky kernels

Redrice = percent red rice

Impurity = sum of percent chaff and weed seeds

Brokens = percentags of broken kernels ir milled product

Definitions of these paddy and milled rice characteristics are

discussed in earlier sections of this Chapter.
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Post-Production Input Variables include:

PLTSIZE = area of plot included in the trials in sq m

MDHVHA = man hours in harvesting per hectare

MDTHHA = man hours in threshing per hectare

MDDRHA = man hours in drying per hectarze

ETHV = hours of elapsed time from harvesting to threshing

ETTH= " " " " " threshing to drying

EIDR= " " " " " harvesting to drying

Harvest = timeliness in harvesting

Thresh = alternative methods of threshing (mechanized vs,
traditional)

Handle = timeliness in handling

Clean = alternative methods of cleaning (traditional vs. mechanical)

Dry = timeliness and method of drying

Region = Central Luzon or Bicol Region

Varietal Characteristics include:

Maturity = standard no. of days from seeding to grain ripening
by variety -
Lodge = increasing index of tendency of variety to lie flat on

the ground at maturity

Interactions between two Independent Variables include:
ETHVDR = delay in harvest by delay in drying

ETHVTH = delay in harvest by delay in threshing

MDETTH = man hours thr.shing by delay in threshing
MDETHV = man hours harvesting by delay in harvesting

MDETDR = man hours drying by delay in drying
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MCRACK = moisture by cracked kernels

MCFEMENT = moisture by fermented kernels

MCDAMAGE = moisture by damaged kernels

CLENIMPU = clean by impurities

OVARED = other varieties by red rice

DAMCHALK = damaged kernels by chalky kernels

ETTHFERK = elapsed time from threshing to drying by fermented
kernels

ETHVFERK = elapsed time from harvesting to threshing fermented

, kernels

DRYFERK = dry by fermented kermels

THRHCRAK = thresh by cracked kernels

HANDCRAK = handle by cracked kernels

DRYCRAK = dry by cracked kernels

DRYDAM = dry by damage kernels

HARVMC = harvest by moisture content

HARVFERK = harvest by fermented kermels

THRHMC = thresh by moisture content

THRHDAM = thresh by damaged kernels

HANDMC = handle by moisture content

HANDFERK = handle by fermented kernels

THRHBROK = thresh by broken kernels

THRHIMPU = thresh by impurities

In the grgphical presentation'of the results of the models (Figure
A.to.9), losses in percent head rice, total milling recovery as well as
grade of milled rice were plotted against two values; (a) scaled value

of alternative post-production tasks on the upper horizontal axis, and
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(b) percentage change in the quality variables on the lower horizontal
axis. To distinguish betwaen the scaled values and percentage changes,
bold broken lines are used to.represent the former and solid lines are
usad in the latter. Other explanatory variables such as man hours
required in each post-production task, elapsed time between operations
and interaction terms between two independent variables are not included
in ;he graphs since these variables are expressed in different units,

The scales used for the different post-production tasks followe
the revised sub-grouping as defined. Since the scale was set up in
ascending order according to degree of loas, the scale values for threshing
and cleaning had to be mulitplied by -1 because these two operations were
arranged in the reverse order, that is from traditional methods (which is
assumed to be less efficient) to the mechanized system (assumed to be the
more efficient technique in terms of loss reduction). Therefore iz the -
graphs, a positive association between threshing and/or cleaning with a
given dependent variable exhibits a negative slope instead of a positive
one as the scale is increased depicting higher efficiency in terms of loss
reduction with mechanical equipment.

The charts prepared for each regression model contain'most of the
quality variables and post-~production tasks even though some of them were
not significantly associated with variations in the dependent variables.

The point of origin in the charts was set at 10 and 1 percentage
points instead of the standard O origin because of the very low b - values

of some of the variables.

Summary of Findings

Physical Loss Response Functions. Result of the analysis showed

that the B2 (coefficient of determination or coefficient of multiple
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eorrelatiqn) value obtained from the THLOSS model was quite low indicating
that other relevant variables were left out, although the F-test for the
entire model showed significant results. 0f the combined physical and
quality deterioration factors considered to affect variability in the
amount of THLOSS, four were found significant-- plot size, man hours
harvesting, percent broitens and interaction between elapsed tiwe from
harvesting to threshing and threshing to drying (ETHVTH). Except for
man hours in harvesting (MDHVHA) all the other significant variables
exhibited the right expectations (Table 9). Possible reason for this
behavior is discussed later.

In ;he MILLREC model, the quality characteristics showing signi-
ficant association with variability in total milling recovery in threshing
were impurity and other varieties (Table 10). Both variables exhibited
negative association with variability in total milling yield (Figure 4).
Other significant variables observed in the model include man: hours
threshing (MDTHHA), elapsed time from threshing to drying (ETTH),
timeliness in harvesting, and interaction terms such as method cf
threst.ing by moisture content (THRHMC) and by cracked kernels (THRHCRAK),
method of cleaning by impurities (CLENIMPU) and moisture by cracked kernels
(MCRACK). With the exclusion of timeliness in harvesting, all the other
significant variables exhibited signs consistent with expectations and
possible reasons are presented later.

Forty-two percent of the variation in total milling recovery
during threshing is explained by the combined explanatory variables
considered in the model, 22 value for the entire model is highly signifi-

cant (Appendix Table D-4).
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Table 9. Summarized result of the functional relation between threshing
loss (THLOSS) and the combined explanatory variables, Philippines,

1975-1977.
Explanatory Variable b - values
Intercept 299,160
Thresh (Method of threshing) 273,788
Clean (Method of cleaning) - 156.614
Plot Size (in square meters) 0.167 **
Region (Central Luzon or Bicol) 24.421
MDHVHA (Man hours harvestiug/ha) - 39,317 *

ETHV (Hours elapsed from harv. tothresh) - 0,034
ETTH (Hours elapsed from thresh to dry) - 0,030

Brokens (% brokens in milled product) 28,816 **

Impurity (% chaff + % weed seeds) "6..963

THRHBROK (Thresh/Brokens) - 7.172

THRHIMPU (Thresh/Impurity) - 23.938

R2 0.235%*
dede

Highly significant at .0l level.

*
Significant at .05 to .10 level.
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Summarized result of the functional relation between total

milling recovery (MILLREC) and the combined explanatory

variables in threshing and drying operation, Philippines,

1975-1977.

Total Milling Recovery
Explanatory variables Threshing Drying
b - values
Intercept 65.927 67.879
Moisture (% molsture content) 0.170 0.109
ChalkyK (% chalky kernels) 0.038 - 0,128 *
Impurity (% chalf + weed seeds) - 0.839 *x* - 0.630 *¥
CrackK (% cracked kernels) - 0.216 - 0,610 **
FermentK (fermeted kernels) 0.164 0.294 *
DamageK (% damaged kernels) - 0.064 - 0.164
Othervar (% other varieties) - 0,204 ** - 0.066
Harvest (Timeliness of harvest) 0.492 * 0.157
Thresh (Method of threshing) 1.828 1.895
MDTHHA (Man hours threshing/ha) 0.280 * 0.110
ETTH (Hours elapsed from thresh. todry) 0.0004 * 0.00013
MDETTH (MDTHHA/ETTH) - 6.303E-05 - 2,249E-05
ETTHFERK (ETTH/FermentK) - 6.168E-05 1.899E-05
CLENIMPU (Clean/Impurity) 0.438 * 0.178 **
THRHCRAK (Thresh/CrackK) - 0,103 * 0.113 *
THRHBROK (Thresh/Brokens) - 0.009 - 0.022 *
MCRACK (Moisture/CrackK) 0.019 * 0.014 *
THRHMC (Thresh/Moisture) - 0,1009 * - 0.114 *
r? 0.423%* 0,390%"
*ok

*

Highly significant at .0l level.

Significant at .05 to .10 level.
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In the drying operation, the quality characteristics which were
found to be significantly associated with reduction in total milled rice
include impurities, cracked, fermented and chalky kernels (Table 10),
Except for fermented kernels, the other inferior quality characteristics
exhibited negative signs consistent with expectations (Figure 5). Inter-
action terms such as method of th;eshing by percent cracked kernels
(THRHCRAK) broken kernels (THRHBROK), and moisture content (THRHM),
method of cleaning by percent impurities (CLENIMPU) and mcisture content
by cracked‘kerﬁels (MCRACK) were also found significant. Of thuse var-
iables, two did not exhibit the right expectations, THRHCRAK and MCRACK,

A relatively lower R? value was obtained in tiis model althougn

the F~test indicates that the total model is highly significant.

Quality Deterioration Response Functions. The variables ex-~

hibiting significant association with variability in éercent head rice
recovery in the threshing operation inciude cracked and chalky kernels
and the interaction between man hours harvesting and the elapsed time '
from harvesting to threshing (MDETHV). Cracked kernels exhibited nega-
tive association with percent head rice while chalky kernels which were
expected to show a negative relation, show a positive b-value (Figure 6).
Possible reasons for this behavior is discussed later. The RZ obtained
»is quite low indicating that other relevant variables were not included
in the model. Hov sver, the F-value for the entire model is highly sign-
ificant (Table 11).

In the HDRICE model in the drying operation, more variables were
considered since this task is the final step in the sequence of post-
production operations before milling. The quality characteristics sign-

ificantly associated with variability in percent head rice during drying
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are cracked and fermented kernels. Both variables exhibited negative
association with head rice recovery since they represent inferior quality
characteristics. Among the remaining explanatory variables, timeliness
in harvesting and handling, total elapsec time from harvesting to drying
(ETDR) as well as region were found significantly associated with var-
iability in percent head rice. Intaraction terms such as method and
timeliness of drying by fermented kernels (DRYFERK), damaged kermels
(DRYDAM) and cracked kernels (DRYCRAK) were also found significant
(Table 11). Except for timeliness in harvesting, all thz explanatory
variables exhibited the right expectations-(Figure 7). The wrong sign
of this variable is indicative of other factors that might have con-
tributed to early or delayed harvest other than maturity of the crop.
Detailed discussion is presented later.

A relatively higher r?

value was obtained in this mpdel indicating
that the impact of alternmative post-production technologies on percent |
head rice recovery is especially pronounced at the drying stages. The
F-test for the entire model shows the R2 value to be highly significant.
In the GRADE model in the threshing operation, the variables showing
significant association with variability in the grade of milled ice
are moisture conteant, fermenﬁed kernels, timeliness in handl;ug,.region,
elapsed time from harvesting to threshing (ETHV) and crop maturity
(Table 12). Of the interaction terms considered, elapsed ..me from har-
vesting to threshing by elapsed time from threshing to drying (ETHVTH)
and timeliness in handling by moisture content (HANDMC) were found sign-
ificant. Except for elapsed time from harvesting o threshing and

timeliness in handling, all the significant variables erhibited signs

consistent with expectations (Figure 8).
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Table 11. Summarized result of the functional relation between head rice’
recovery and combined explanatory variables in threshing and
drying operations, Philippines, 1975-1977.

Explanatory Variables Head Rice Recovery
Threshing Drying

b - values

Intercept 62.154 70.279
CrackkK (% cracked kernels) - 0.407%% - 1.574%
DamageK (% damaged kernels) 3.698 1.635
ChalkyK (% chalky kernels) 1.048%% 0.167
FermentK (% fermented kernels) 0.559 - 2,783%
Moisture (% moilsture content) 0.670

Impurity (% Chalf + % weed seeds) - 0.129
Harvest (Timeliness of harvest) = 1.796 2.381%
Handle (Timeliness of handling) - 1.608 . - 2.067%
Thresh (Method of Threshing) . 8.421 0.504
Clean (Method of Cleaning) ~ 2.39%
Dry (Method and timeliness of drying) - 0.607
Region (Central Luzon or Bicol) - 2.946 5.564%*
MDHVHA (Man hours harvesting/ha) 0.074 0.780%
MDTHHA (Man hours threshing/ha) * - 0.509

MDDRHA (Man hours drying/ha) 29.687
ETHV (Hours elapsed harv. to thresh.) 0.0022 . 0.002
ETDR (Hours elapsed harv. to dry.) 0.0009%
MDETHV (MDHVHA/Harvest) - 0.00036% - 0.0003%*
MDETDR (}DDREA/Dry) - 0.0008%
HARVMC (Harvest/Moisture) 0.172

THREMC (Thresh/Moisture) - 0.431

THRHDAM (Thresh/DamageK) - 0.991

DRYFERK (Dry/FermentK) 0.892%
ETTHFERK (ETTH/FermentK) ' - 0.00016
DRYDAM (Dry/DamageX) - 0.836%
CLENIMPU (Clean/Impurity) 0.31?
THRHCRAK (Thresh/Crackk) 0.166
D§YCRAK (Dry/CrackK) 0.229%
R 0.310%* " 0.398%%

 **Highly significant at .01 level.

*Significant at .05 to .10 level.
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Table 12. Summarized result of the functional relation between grade
" of milled rice and combined explanatory variables in
threshing and drying operation, Philippines, 1975-1977.

Explanatory Variables

Grade of Milled Rice

Threehing Drying
b = values

Intercept 0,327 0.751
Moisture (% moisture content) 0,077 %% 0.053 **
CrackK (% cracked kernels) 0.033
FernmentK (% fermented kernels) 0,084 * 0.050
Harvest (Timeliness of harvest) 0.631 **
Handle (Timeliness of handling) - 0,738 * 1.049 **
Thresh (Method of threshing) 0.094
Clean (Method of cleaning) - 0,047
Dry (Method and timeliness of drying) 0.086
Region (Central Luzon or Bicol) - 0,778 ** 0.692 »*
MDHVHA (Man hours harvesting/ha) =~ 0,005 0.042
MDTHHA (l1an hours threshing/ha) 0.003
MDDRHA (Man hours dr: ‘ng/ha) 1.051 *
ETHV (Hours elapsed harv. tothresh.)- 0,0001 * 0.0001
ETTH (Hours elapsed thresh.to dry.) - 2,70E-05 0.0002*
ETDR (Hours elapsed harv. to dry.) 0.0002
Lodge (Lodging index of variety) 0.036
Maturity (Maturity days for variety) 0.010 * 0.014 *
ETHVIH (ETHV/ETTH) 1,64E-068%* 4 ,01E-Q8**
ETHVDR (ETHV/ETDR) 2.55E-08%%
MDETHV (MDHVHA/Harvest) 9,78E-06 2.69E-05%*
MDETT: (MDTHHA/ETTH) 8.59E-06%*
HARVMC (Harvest/Moisture) 0.028 **
HANDMC (Handle/Moisture) 0.033 * 0.044 **
HARVFERK (Harvest/FermentK) 0.049 *
HANDFERK (Handle/FermeatK) * 0.008
ETHVFERK (ETHV/FermentK) 2.28E-05*
‘ETTHFERK (ETTH/FermentK) - 8,41E-06
DRYFERK (Dry/TFermentK) ' 0.237 * ~
MCFRMENT (Moisture/FermentX) 0.008 *
MCRACK (Moisture/CrackK) 0.003 *
THRHCRAK (Thresh/CrackK) 0.020 *
HANDCRAK (Handle/CrackK) 0.018 *
DRYCRAK (Dry/Crackk) 0.013 *
R? 0394 % 0.580**

ke

Highly significant at .01 level.

*

Significant at .05to .10 level.
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The R? value obtained in the model was quite low indicating that
other relevant variables were left out. However, the F-tests indicates
that the total model is highly significant.

In drying, all the different post production tasks from harvesting
to drying were significantly associates with milled rice grade. Labor
_inputs and delays in the performance of subsequent post production tasks
likewise exhibited significant impact on grade. Among the interaction
terms, the degree of fermentation and cracking combined with alternative
tasks also were found to significantly influence variability in rice
grade (Table 12). '

The following significant variables exhibited the expected
positive association with milled rice grade indicating that their

presence contribute to an increase in numerical grade (reduction in

market quality of milled rice) (see Figure 9):

(a) moisture content (MC)
~ (b) timeliness in harvesting (harvest)
(c) man hours in drying (MDDRHA)
(d) maturity
(e) moisture by fermented kernels (MCFERK)
(£) moisture by cracked kernels (MCRACK)
(g) man hours by elapsed time in harvesting to threshing (MDETHV)
(h) timeliness in handling by moisture content (HANDMC)
(i) timeliness i; handling by cracked kernels (HANDCRAK)

(j) timeliness and method of drying by cracked kernels (DRYCRAK)

Negative association with numerical grade of rice were exhibited

by region, method of threshing by cracked kernels (THRHCRAK) and method
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and timeliness of drying by fermented kernels (DRYFERK). Timeliness
in handling, elapsed time from threshing to drying (ETTH), and inter-
action between timeliness in harveét by fermented kernels (HARVFERK)
and timeliness in handling by moisture content (HANDMC) which were ex-
pected to show positive association with rice grade also exhibited
negative relation (Figure 2).

Fifty-eight percent of tie variation in grade of milled rice was
explained by the combination of independent variables considered in the

model. The F-value for the total model'was highly significant.

Factors Influenciig Threshing Loss, Rice Recovery and Grade

Plot Size. A positive relation was found between size of plot
and the amount of physical loss in threshing per hectare. This is
indicative of the magnitude.of loss per hectare that is likely to occur
as the area of land increases. Harvesters tend to be leas careful and
inefficient when they work on larger land areas since they want to com-
pete with the other landless tenants in harvesting more crops to increase
their share of the total harvest. The problem is further aggravated by
concurrent harvests within a given village or locality, further encourag-
‘ng harvesters to cover as much land as possible. The result is haste

and waste in the completion of the task.

Man Hours in Harvesting (MDHVHA), Vhether labor requirement in

harvesting should show positive or negative association with the amount
of physical loss in threshing depends on whether the increase or decrease
in labor input is a reflection of lesser or greater efficiency in the

performance of the task or due to factors other than the skill of ﬁhe
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harvester. Among the other conditions that might affect amount of labor
.utilized in harvesting include: (a) presence or absence of imﬁacure or
unfilled grains mixed with mature panicles of grain which require more
time and care in harvesting, (b) tungro-infested plots which require
careful selection of healthy grains, (c) weedy fields, (d) inclement
weather resulting in muddy or flooded fields and causing difficulty in.
the execution‘of the task, (e) avaiiability of harvesters during peak
months, and (f) age, sex and skill of harvester., Ezaki (47) reported
that harvesting output of a skilled map in non-lodged rice variety is
about 0,01 ha/hr and that of woman is about 0,006 ha/hr. The indicated
negatiﬁe association between man hours harvesting and threshing loss is

not statistically significant (Appendix Table D-1).

Harvest. The timing of harvest and the moisture content of paddy
all determine the ease with which the rice shatters, allowing grains to
fall onto the ground or mud, either while the crop i3 standing or during
the harvest process. The timing of harvest impacts two other steps (a)

pre-threshing handling and (b) milling.

Handle. The fewer number of times paddy is handled prior o
threshing the lower the losses. This was the observation of Duff and
Samson (48) whea they noted that there are zero handling losses and low
threshing losses when rice is threshed imvediately after harvest. They
reported that each additional handling step embodies a loss from 1 to 2
percent particula;ly for varieties with high shattering characteristics.
The variable was not statistically significant in the regresasion equation

but the positive b - value is consistent with expectations (Appendix Table

D-1).
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Timeliness in Harvesting and Handling. Delays in these two post-

~production operations expose the grain to weather hazards resulting in
kerne! deterioration and possiule fissuring or sun-checking. When dry
paddy is left overnight out in the field or gets moistened by any other
means, it takes up water and fine crosswise cracks appear in the grain.
Such cracks are visible shortly after the water content of the paddy
rises, and eventually remain when the rice is finaily dried. The pre-
sence of sﬁch grains is one of the main contributory causes for sharp
decreases in percent head rice during milling. As noted in Table 5,
timely harvest and handling resulted in significantly higher head rice
recovery than delayed operations. Table 6 also snowed that significantly
fewer cracked kernels were obEained froo samples collected under timely
handling compared to delayed operation.

The drier the paddy, the greater and quicker is the formation
of cracks after a rise in moisture content (49). And one factor that
influences the degree of paddy dryness while left in the field awaiting
threshing is the method of stacking. An experiment conducted in Surinam
(49) showed that harvested paddy spread on stubbles dried very quickly
and after 3 days resulted in a sudden decrease in percent whole grains due
to remoistening during the night. In comparieon, the harvested paddy
stacked upright in sheaves dried more slowly and there was practically
no Jdecrease in percentage of whole grains recovered even after eight days
of stacking.

In the third method of stacking, the sheaves were leaned against
"Heinzen" which essentially consist of a frarawork of horizontal laths
some 2 meters in length supported on uprights stuck in the ground. Over

the upper lath a sheaf is hung so that the standing sheaves are partly
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covered and protected against rain, while a draft is ensured. With the
" covered sheaves, the drying was so slight that over a period of eight
days the moisture content remained far above the critical point for sun
cracking. Consequently the parcentage of whole grains remain unchanged.

The results of the above experiment can probably explain the
inconsistent behavior of timeliness in harvesting and handling as it
relates to the amount of head rice, total milling yield and grade of
milled rice.

In terms of perceat head rice in the threshing operation, harvest
exhibited the expected negative asséﬁiacion although the b ~ value was
not significant (Appendix Table D-2). Conversely, a positive significant
association was noted between delayed harvest and percent head rice in
drying (Appendix Table D-3).

In the loss rnsponse function for milling yield, delayed harvest
consistently exhibited positive association in both threshing and drying
operations with a significant b - value in threshing (Appendix Table D-4
and DLS).A

Finally, delayed harvest was positively associated with numerical
grade of milled rice and the b - value was significant (Appendix Table
D-7).

With delayed handling, the variable's negative b - value in percent
head rice in threshing and drying is consistent to expectations. However,
only the b-coefficient in drying was significant (Appendix Table D-2 and
D-3).

Iﬁ terms of total milling yield in threshing and reduction in
numerical grade for both operations, delayed handling exhibited the

wrong sign (Appendix Tables D-4 to D-7).
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Method of Threshing. The machine'or equipment; used in threshing

operation is sighificantly associated with the amount of head rice re-
covered after threshing and drying. The method of threshing will ¢on-
tribute to losses if carried out in a manner that results in the cracking
of grains. Even mechanical threshers may cause excessive breakage of
grains if used improperly or fed with poor quality paddy. This was evi-
dent from the results of the field trials which showed significantly
higher percent head rice in systems using the threshing frame (hamgaaan)'
over that of the axial-flow thresher (Table 5).

The method of threshing was positively associated with head rice
yield in both threshing and drying and their b - values were significant
(Appendi# Tables D~2 and D-3). The same positive behavior was observed
for total milling recovery and rice grade during drying operation although
the b-coefficients were not statistically significant (Appendix Tablas

D-5 and D-7).

Interaction between Method of Cleaning and Inferior Quality

characteristics. Due to the farmer's practice of threshing even high

moisturc paddy when using mechanical threshers, reduction in peccent
head rice and total milling yield occurred. This is illustrated by the
negative association between percent head rice in threshing and total
milling recovery in threshing and drying with the interaction term
thresh by moisture content (THRHMC). The b-coéfficient was significant
in all the models (Appendix Tables D-2, D-4 and D-5).

Similarly, because of the poor quaiity of paddy fed in_u the
machine, a negative assocaation was obtained between total milling
recovery and the interaction term thresh by broken kernels (THRHBROK).

This negative association was significant in the drying operation but
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not in threshing which again confirms the general observation that the
impact of qualitative factors on the final product is more pronounced at

the drying stages (Appendix “ables D-4 and D-5).

Moisture Content. Milling quality is influenced by moisture

content of rice at harvest time, during drying and storage and while
milling (50). Rice of high milling quality must be harvested at the
right stage of maturity, properly dried, stored and milled under moisture
conditions optimum for minimum breakage. The optimum moisture content
for harvesting is 21 to 24 percent and the threshold'value for safe
storage and milling is 14 percent (51).

During the implementation of the field trials, the moisture
content of newly harvested paddy ranged from 18 to 25 percent (wet basis)
during the dry season and 20 to 30 percent (with some even exceeding the
30 percent level) during the wet season. Under such conditions, paddy
deteriorates quickly resulting in loss of quality in the form of damaged,
discolored and germinated kernels.

Moisture content was found to be significantly associated with head ‘
rice recovery during threshing. However, it exhibited the wrong sign,
which can be due to the lack of control during the implementation of the
field trials or it could mean that the moisture content is still in the
safe range for milling. In drying operationm, moisture content was not a
gignificant variable and was therefore excluded from the model .(Appendix
Tables D-2 and D-3).

Iu the loss reaponse function for total ﬁilling recovery, moisture
content was not a éignificant variable for either threshing or drying
operation and it exhibited the wrong positive sign (Appendix Tables D-4
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'In the grade of milled rice, moisture content was a significant
variable and it showed the expected positive assogiation with change in
numerical rice grade both in the threshing and drying operations (Appendix

Tables D-6 and D-7).

Cracked Kernels. Grains that have been cracked or broken through

intermittent heating and re-wetting while in stacks, or due to rough
handling or improper drying easily break during milling operation because
of the breakage of the endosperm or weakening of kernels by fissures.
Cracked kernéls is an inferior quality characteristic and is therefore
expected to have an inverse relationship with percent head rice and total
milliug recovery and a direct or positive association with reduced numerical
grade of milled rice.

Cracked kernels consistently exhibited significant negative associa-
tion with percent head rice and total milling recovery for both threshing
and drying operations (Figu:es 4 to 7). In the function for numerical

grade of milled rice, cracked kernels was not significant in the drying

operation and exhibited the wrong sign (Appeadix Table D-7 and Figure 9).

Damaged Kernels. Grains which are discolored or damaged by water,

insects, heat or any other means are classified as damaged kernmels. There-
fore, depending on the source and degree of damage, this variable may
exhibit either positive or negative association with rice recovery and
grade.

Results of the analysis show that damaged kernels exhibited positive
association with pertent head rice in both threshing and drying operations
(Figures 6 and 7). The b - values in both operations were not statistically

significant (Table 11). In the response function for total milling recovery,
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damaged kernels exhibited negative association in both operations (Figures

4 and 5) but the b - values were not statistically significant. The damaged
kernels variable was excluded from the linear regression models for rice
grade because it was one of the quality factors considered in the grading

process.

Chalky Kernels. Chglkinéss in grain occurs under unfavorable

environmental and cultural conditions and when rice is harvested too
early and includes immatuve kernels. Chalky rice not only detracts from
the general appearance but is usually weak and therefore breaks easily
during milling. It is considered an inferior quality characteristic
and is expected to have negative association with variability in percent
head rice and milling yield and a positive relation with numerical grade
of milled rice.

Chalky kernels displayed positive association with percent head
rice in both threshing and drying operations although the b ~ value
was found significant only for threshing (Figures 6 and 7, Appendix
Tables D-2 and D-3). This wrong sign may indicate the possibility of
a safe range of chalkiness in grain that does not readily result in
breakage if milling is performed at the right moisture, temperature and
hulling efficiency. In terms of milling yield, chalky kernels again
exhibited positive but insignificant association in the threshing opera-
tion. In drying, the negative expectation was observed and the b - value
was significant.

The chalky kernel variable was excluded from the medels for numer-

ical grade of milled rice because it was considered in the grading process.

Fermented Kernels. Since fermentation in grain is a sign of
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daterioration which sometimes results invfoul or musty odor, it tends
to lower milling quality and yield,

Results of the analysis reveal some interesting relationships
between fermented kernels and the two posZharvest tssks in terms of
head rice and total milling recovery. In the threshing operation, a
positive aﬁd significant association was observed between fermented
kernels and percent head rice and total milling yield (Figures & and 6,
Appendix D-2 and D-4). Conversely, in drying, the expected negative
association between fermented kérnels and percent head rice and total
milling yield was noted (Figures 5 and 7, Appendix Tables D-3 and D-5).
The values were also significant in both modelé for drying. This in-
dicates that the impact of fermented kernels om head rice and total
milling recovery is especially pronounced at the drying stages.

In terms of numerical grade of milled rice, fermented kernels
exhibited the expected positive association which was significant in

drying but not for threshing (Appendix Tables D-6 and D-7).

Other Varieties. Foreign grains’or grains which differ distinctly

from the characteristics of the variety under consideration significantly
influence variability in percent head rice. Uniformity in the size of

the kernels is a good indication of varietal purity. The lack of uniform-
ity in the size of the grain affects head rice recovery by causing a
higher proportion of brokens.

The variable other varieties was retained only in the loss response
function for total milling recovery. The expected negative association
between other varieties and total milled rice was obtained in both
threshing and drying operations although only the b-coefficient in

thrashing was significant (Tables 22 and 23, Figures 6 and 7).
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Impurity. Especially with weedy fields, tall grasses are likely
to be cut and get mixed with the harvested paddy stalks during the reaping
process, Further admixture of foreign materials is likely to occur when
hazvested paddy is stacked right in the field on top of stubbles or on
dikes or levees without using an underlay. Increases in these impurities
can be associated with increases in THLOSS because some of the threshed
grain can get caught in these weeds or other foreign material. In some
instances, these impurities can cause damage to the threshing and cleaning
equipment especially when they ‘involve stones and other sharp objects
that may cause breakdown of the machine. The expected positive association
was observed although the variable was not statistically significant
(Table 9).

The presence of impurities in grains is also a reflection of the
efficiency of the threshing and/or cleaning methods used, Impurities
reduce the quantity of usable rice, lower milling yield and affect the
nutritional value of rice as food. Certain impurities can cause damage
to the milling and processing apparatus and reduce its performance and
efficiency.

Impurities consistently exhibited negative impact on head rice
and milling yield in both threshing and drying operation (Figures 4 to 6).
The b - value in the loss response function for head rice in drying was
not significant (Appendix Table D-3). However, for total milling yield,
the b - values were significant in both threshing and drying (Appendix
Tables D-4 and D-5). The variable was excluded from the models explaining

nqmnrical grade of rice because it was considered in the grading process.

Brokens. With undue delay occurring during field drying or while

the grain is stacked in the field awaiting threshing, it is subjected to
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alternate re-wetting and drying causing fissures or sun-checks to the
grain. The sun-checked grain easily breaks during the milling operation
depending on the amount of stress involved. As shown in Table 9, the
expected strong positive relation between this variable and THLOSS is
highly significant. Although percentage broken kernel is a measure of
quality réther than quantity, the variable seems to function as a proxy
variabie for loss in physical quantity as well. This might be expected
because the same kinds of unfavorable conditions and practices that add

to kernel breakage in milling also add to physical losses during harvesting

and threshing.

Maturity. Breakage in milling also depends on the age of pgddy
when harvested. With imméture or unripe grains, a considerable p‘b-
portion is broken during millihg, but this diminishes as the rice ripens.
There is an optimum period of from one to three weeks at which the rice
should be cut to give the best milling yield. Within these limits, the
drier the season, the shorter this optimum harvesting period (49).

Grain maturity was found to be significantly associated with grade
of milled rice. The positive association of grain maturity to numerical

grade is consistent to expectations (Figures 8 and 9).
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COMPARATIVE ANALYSIS OF ALTERNATIVE POST-PRODUCTION SYSTEMS

The primary objective of the comparative analysis is to measure
the economic potential of alternative post-production systems over that
of the traditional systems currently practiced in the area normally
measured as the projected comparative rate of return on added capital
investment. The analytical methods of assessing investment worth can
help identify which of the different post-production alternatives will
be most efficient. However, it is not the intention of this study to
select only one best alternative because many factors other than quan-
titative or even purely economic considerations must be considered in
selecting post-produciion systems. The purpose of the economic analysis
is to improve the quality of the selection decision, not to substitute
for it.

In comparing efficiencies among alternative post-production
systems, analysis by postharvest operations was not feasible because
of the varied conditions existing between the mechanized and traditional
postharvest systems. With the axial-flow thresher, the threshing and
cleaning operations are performed simultaneously by the machine to
deliver clean, threshed, and commercially acceptable grain right after
threshing. This is not true with traditional systems using either

the threshing ‘frame or the flail and/or stick. Further cleaning is

~95~
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required after threshing to remove some of the impurities mixed with the
grain. Therefore, in this study the different post-production systems
considered in the comparative analysis represent combinations of dif-
ferent techniques for threshing, cleaning and drying paddy aé practiced
in the area. The harvesting phase is excluded from the analysis since
manual harvesting with scythe or sickle is employed in all the systems
studied. While complete data on each entire system have not been avail-
ab}e, data on individual processes and equipment have been collected
during the field trials. Thus, data for the different systems have

been determined by aggregating inputs for each of the three processes

using alternative techniques in each process.

Comparative Cash Flow and Return On Investment

The principal measure of economic potential used in the feasibility
analysis program is the pdtential comparative rate of return on invest-
ment (CRR) based on the time flow of money into and out of the enterprise.
The CRR measures the rate of return to differential total capital invest-

ment in an alternative case compared to the base case.

Specification of Alternatives for Analysis

In this study, the basie model to which alternative cases are
compared is the traditional system of threshing, cleaning and drying
commonly practiced in each of the regions. In Central Luzon, the basic
model is the traditional system of using the frame (hampasan), cleaning
with the aid of the winnowiug basket (bilao) and drying the paddy under
the sun. In Bicol, two tracitional systems of threshing were observed;
(1) use of the flail and/or stick combined with manual treading and, (2)

use of the threshing frame (hampasan). Hovever, since the former is the
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more populﬁrly used threshing method among che farmers studied, it is
the one considered in the base ¢ase, and the latter is considered as an
alternative. The base case éor Bicol, therefore, consists of threshing
with the flail and/or stick, cleaning with the use of wooden winnower
(hungkox) and drying under the sun.

" One alternative considered in the analysis is the fully mechan-
ized system of threshing and drying using the axial-flow thresher and
batch dryer. Other alternatives represent combinations qf mechanical
threshing and sun drying or traditional threshing and mechanical drying

as summarized in Table 13.

Application of Comparative Rate of Return (CRR) Analysis

The economic potential of alternative post-production systems
is determined by relating the comparative rate of return obtained to
the relevant opportunity cost of capital. A calculated comparative
return which is higher than the relevant opportunity cost of capital
indic;tes that the alte;native system is feasible and profitable. A
calculated comparative return lower than the opportunity cost of capital
indicates that the more capital-intensive alternative is not feasible.

The opportunity cost of capital is the net annual earning power
of capital in alternative investments in the society. It is usually zpprox-
imated closely by the preQailing market rate of interest on relatively
risk-free capital loans, after adjustment for an anticipated rate of
inflation in the economy (in order to adjust the monetary market rate
of interest to real terms). )

In this study, six different rates of interest were used to
reflect opportunity cost of capital, namely 5, 8, 12, 25, 30, and 35

percent per annum. The 5 and 8 percent interest rates were included to
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Table 13. Alternative postharvest system considered in the comparative
analysis by region, Philippines, 1975-77.

Postharvest System

Description

Central Luzon

1 - Traditional System
(base case)

2 - Fully mechanized
(alternative)

3 - Combined mechanical
and traditional
(alternative)

4 - Combined traditional
and mechanical
(alternative)
Bicol Region
1 - Traditional system
(base case)

2 - Fully mechanized
(alternative)

3 -~ Combined mechanical
and traditional
(alternative)

4 - Combined traditional
mechanical
(alternative)

5 - Combined traditional
mechanical
(alternative)

6 - Alternative traditional
practice ~

Traditional system of threshing using
the frame (hampasan), cleaning with
the winnowing basket (bilao) and paddy
sun drying '

Mechanized system of threshing and
drying using the axial-flow thresher
and twin-bed batch dryer

Mechanical threshing/cleaning combined
with sun drying

Traditional system of threshing using
"hampasan", cleaning with "bilao"
combined with mechanical drying

Traditional practice of threshing using
flail/stick combined with manual
treading cleaning using wooden winnower
(hungkoy) and paddy sun drying

Mechanized system of threshing and drying
using axial-flow thresher and batch dryer

Mechanical threshing/cleaning combined
with sun drying

Traditional threshing and cleaning using
the frame, wooden winaower and mechanical

drying

Traditional threshing and cleaning using
flail/stick, wooden winnower ccmbined
with mechanical drying

Postharvest system of threshing using
the frame, wooden winnower and drying
paddy under the sun
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reflect conditions of higﬂly subsidized credit as is often practiced in
developing countries, particularly in the agricultural sectér. As
discussed in Chapter 2 under the section on Machinery Acquisition, 8
percent was the interest rate charged to the Farmers' Association in
the acquisition of postharvest equipment (mechanical threshers and
dryers) used in the field erials.

The annual rate of 12 percent was used in the analysis since it
approximates the prevailing official lending rate in rural credit
institutions. On the other hand, under a relatively capital scarce
situation as often prevails in the Philippines, the true market interest
rate is likely to be higher, as reflected by the interest rate charged
by private money lenders who continue to do business in the rural areas.
These interest rates have ranged from 20 to as much as 50 percent on a
per annum basis. To approximate the true market rates of interest, the
rates of 25, 30, aud 35 percent were used. |

The guidelines which were followed in developing investment out-
lay and cost and benefit schedules for the comparative rate of returﬁ
analysis include the following:

. 1. The length of the planning horizon encompasses the useful
life of alternative postharvest machinery and equipment.

2. Capital outlay for equipment of shorter life than the pian—
n;ng horizoq (20 years in this study) was re-entered as Tep-
lacement cost as often as necessary. Credit was taken for

~depreciated value of facilities at the end of the 20-year
planning horizon.

3. No interest, depreciation nor income tax was included in the

comparative cost schedules. Depreciation was excluded to
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" eliminate double counting because the full original invest-
ment and replacement costs were entered to the cash flow in
the capital outlay schedule. Interest expense was excluded
in order to accurateiy reflect the earning power of the total
incremental capital investment for the alternative regardless
of how the capital was obtained and what annual payment was
.made for its use. Income tax was excluded because the analy-
gis was designed to measure total earning power, regardless
of how earnings were allocated.

4, All prices Qere maintained at constant real level as existing

in thé two regions studied. |

5. Investment cost and benefit figures were expressed in pesos

per 100‘metric tons on a per annum basis. -

The format of analysis presented in Appendix F indicates the
standard output of the CRR computer program which was used to evaluate
each of the alternative postharvest systems. The printed output includes
a tabular listing of the complete 10 columns of input data as well as
the output table showing the comparative investments, costs and benefits
(premiums) between the base and alternative cases by perind, the dis-
counted present value of the comparative net cash flow by period, and
the measures of economic feasibility for the alternative systems. The
measures of feasibility include the comparative rate of rgturﬁ shown at
the top of the output table, the comparative ratios, and the comparative
net present values at specified annual discount rates shown at the bottom

of the output printout table.



-101-

Sensitivity Analysis

In addition to determining efficiency among alternative syst:ms,
" the analysis was designed to test the sensitivity of the comparative
rate of return and net present values to differing price premiums, rates

of interest for the use of capital, and real wage rates for labor.

Assumptions and Data Used in the Analysis

Total Cepital Outlay

The required capital investment used for alternative postiiarvest
technologies w#s the acquisition cost of equipmént per annual capacity
expressed in 100 metric tons of threshed, cleaned, and dried paddy.

Hourly capacities for equipmert were taken from the actual
machine performance observed during the field trials in the two regions.
For.the observed hourly capacities, annual capacities were computed for
each region after making assumptions on the normal utilization of equip-
ment (Aépendix G).

The capital outlays for the base and aiternative cases were
ehtered ﬁericd by period just as the ou#lay would be made over the
planning horizon of 20 years. For the mechanical threshers and dryers,
salvage values were assumed at the end of each useful life (8 years for
the dryer and 6 years for the axial-flow thresher) while fof the manually
operated equipment, scrap values were assumed to be zero.

The replacement of worn-out equipment was’entered in the appro-

: priate period as net replacement cost (i.e. té;al.cost minus any re-
covered salvage value for the replaced equipment). The remaining de-
preciated value of the machine and/or equipment was entered as a negative

investment at the end of the planning horizon.
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Table 14. Average labor :equirement per hectare and per ton among
alternative post-production operations by region, Philippines,

1975-77.
Post-Production Tasks : Per Bectare Per Ton
Central Bicol Central Bicol
Luzon Region Luzon Region
mnan_hours
Harvesting
Timely harvest - 88.97 103.83 24.31 27.57
Delayed harvest 118.72 102.27 36.28 31.61
Handling
Timely handling 36.71 45.87 10.93 13.14
Delayed handling 41.84 " 46.05 11.78 14.20
Threshing
Threshing frame 82.37 90.40 25.79 26.15
Flail/stick 59.19 122.60 13.56 38.65
Axial-flow thresher 31.07 28.76 8.28 9.5%6
Cleaning
Winnowing basket 33.43 - 10.21 -
Wooden winnower - 32.69 - 10.00
Axial-flow thresher (combined with threshing task)
- Drying
Timely sun-drying 18.38 31.99 5.30 9.27
Delayed sun drying 23.27 32.04 6.25 9.96
Timely batch drying 9,21 13.26 2.50 3.54

Delayed batch drying 10.41 14,31 3.02 4.25
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Aunual Operating Costs

Annual éxpenses for the base case and alternatives were entered
from start-up forward through the planning horizon. The operating costs
considered in the analysis include labor, repairs and maintena..ce, fuel,
0il and grease, as discussed below; low values (to reflect the quantita-
tive loss among alternate systems) and the price premium for good
quality rice were also considered. Similar to the total capital outlay,
operating expenseé were expressed per 100 metric tons of threshed,
éleaned and dried paddy.

Labor. The labor input for each postharvest operation was taken
from the observed and collected data during the village level field
trials in the two regions (Table 14). As uoted in Chapter 2, labor
figures pertain to the net time uti}ized in the performance of the
different post-production tasks since rest periods and breaks for snacks
and meals were not considered in the computation of labor requirements.

The wage rate for labor used in the analysis was derived in two
ways: (a) based on the prevailing cash farm wages in the study area, and
‘(b) based on the harvester-thresher's share paid-in-kind as a percent
of the gross harvest. The minimum wage for farm labor was F1.00 per
man~hour in Central Luzoa and P1.25 in Bicol at the time of the study.

Wages astually paid in rice harvesting and threshing often are
actually much higher than the prevailing farm wages when they are paid
in kind (ranging from ome-sixth to one-eighth in Central Luzon; one-sixth
to one-tenth in Bicol). in this analysis, one-seventh of the crop was
used as average harvester—thresher's fee in Central Luzon and for Bicol
one-eighth of the crop was used. The effective wage rate per man hour

was imputed from the value of the proportiom of the yield paid to labor
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Table 15. Average operating cost per to
for mechanical threshers anc

n and per machine operating hour
4dryers by regionm, Philippines,

1975-77.
Per Hour Per Ton
L ]
Item ~ Central Bicol Central Bicol
Luzon Region Luzon Region
1
pesog .
Axial-Flow Thresher
Gasoline (1i) 2.54 4.44 4.28 6.21
Crease (1lb) 0.04 0.04 0.08 0.06
Motor oil (1li) 0.13 0.13 0.21 0.18
TOTAL FUEL/OIL/GREASE 2.71 4.61 4.57 6.45
LABOR 4,92 8.55 8.28 11.97
Batch Dryer
Gasoline (1li) 1.03 1.50 5.08 8.18
GCerosene (1i) 2.09 2.60 10.32 14.15
Motor oil 0.11 0.11 0.57 0.62
TOTAL FUEL/OIL 3.23 4,21 15.97 22.95
LABOR * 0.66 0.81 3.24 4.42
1 . » ° . ?7 4’5
Conversion rate during the study period 1s $1.00 = #/.
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divided by the labor input in man hours, i.e.,

s (Y) (Py)

W=
L

where: W = wage rate in pesos per man hour
s = sharing arrangement prevailing in the area

Y = yield expressed in 100 MT

Py = price of paddy in pesos/100 MT
L = labor input in man hours

In the traditional system of payment for harvesting and thresher's
share, four post-production oéerations are usually involved; (1) harvest-
ing, (2) bundling/hauling/stacking, (3) threshing, and (4) cleaning.
Therefore, the wage rate imputed from the above formula was based on
coﬁbined labor input for the four operations, and the result applied to

man hours required for each of the four tasks separately.

Annual Repair and Maintenance Cost. The annual repair and main-

tenance expenses for the postharvest equipment were assumed at 10
percent of annual investment outlay for mechanically powered equipment
and 5 percent for manually nperated tools.

Fuel, 0il and Grease. The prevailing prices of fuel, oil and

grease in the two regions were used in the computation. Actual fuel,
0il and grease comsumption as well as the total operating time and cap-
acity utilization of the axial-flow thresher and batch dryer were taken

from records coilected during the field i.rials (Table'15).

Comparative Physical Losses and Quality Deterioration

Physical Loss Value. Loss figures for each of the post-production

systems were taken from physical losses assessed during the field trials
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in two regions as summarized in Table 2. These average percentage figures
of losses by postharvest task were added for each alternative postharvest
system, and the result applied to crop yields. To arrive at the value

' N
of loss, the price of paddy per 100 MT previiling in the two regions was

used.

Quality Premiums. To account for possible price incentives

for good quality rice, premiums were considered for systems using mech-
anical dryers. Apart from the uncertainties of solar drying due to
dependence on weather, quality considerations place a distinct advantage
on mechanical over sun drying because greater control over and consistency
of paddy quality ;an be achieved with mechanical drying.

| Results of the quality loss analysis for milled rice collected
during the field trials attest to this quality advantage. Samples ob-
tained from systems using the batch dryer exhibited higher head rice
percentages than those incorporating sun drying. The potential price
premium per each additional 4 to,S percent of head rice was assumed to
be #0.10 per kilogram of milled rice. The value was multiplied by 65
percent which was the assumed rate of rice milling recovery. The ob-
tained figure was then divided by four to account for the marketing
services that other sectors of the economy are likely to contribute to
move and process the grain from the farm to the consumer. Therefore,
only a quarter of the potential price premium was considered for re-

flection in the market price to producers.lo This premium payment was

10ps discussed previously, greater shares of the total potential
premium for producers were considered in the sensitivity analyses.
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entered as a benefit (negative cost) in the schedule of comparative

costs for alternative postharvest systems using the batch dryer.

Results of the Comparative Analysis

Alternative 1 Mechanical Threshing, Cleaning and Drying

Based on labor paid inm cash according to the prevailing wage
rate in the two regions, the comparative rate of return to the incremen-
tal investment for mechanical threshers and dryers over traditional sys-—
tems was 34 percent'for Central Luzon and nearly 42 percent for Bicol
(Table 16). The lower rate of return obtained in Central Luzon is due
mainly to the higher loss value (see Table 2) coupled with a higher
market price for paddy osserved in that region.

When labor is imputed from the harvester-thresher's share paid-
in-kind as percent of gross harvest, the comparative rate of return of
the mecahnized system over that of the traditional one is increased to
67 percent for Central Luzon and 45 percent for Bicol. The fully mech-
anized alternative shows a higher comparative rate of return in Central
Luzon than in Bicol because of the higher sharing érrangement practiced
in Central Luzon..

The comparative rates of return in both regions responded favor-
ably to increasing levels of price premium which were considered in
systems using mechanical dryers. With labor paid in cash based on the
peevailing farm wages, the CRR in Central Luzon increases from 45 percent
at 0.50 percent price premium to 77 percent with premium of 2 percent.
In Bicol, the CRR ranges from 52 percent at 0.50 percent premium to 80
percent at 2 percent premium. The comparative rates of return to added

investment with mechanized systems are even better under higher price
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Table 16. Comparative rates of return in fully mechanized system
at alternative added wage rates and price premiums by
region, Philippines, 1975-77.

Alternative Wage Rate Central Bicol
and Price Premium Luzon Region
percent

Cash wage and no premium 3°..068 41.672
woow " o.52 " 45.399 51.695
N 56.254 61.415
oo " 157 " 66.818 70.936
oo "wo07 " 77.194 80.325
Wage in-kind and no premium 66.967 44.750
" " " 9.5%2 " 77.341 54.666

T L N A 87,590 64.317
woooowo woysg M 97.752 73.793

woom woaoz v 107.853 83. 149
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premiums when labor is valued at the harvester-threshers fee prevailing
in the area (Table 16),

In terms of net present value expressed in pesos per 100 MT,
tﬁe fully mechanized postharvest system exhibited positive values of
net present worth of the cash flow stream even at higher interest rates
whether labor is paid in cash or in-kind for both regions. These net
present values further increase with incremental jumps in quality premiums
(Table 17). The only exception was obtained from Central Luzon where the
comparative net present value is negative when the opportunity cost of
capital reaches 35 percent if labor is.paid in cash and there is no
quality premium. When based on prevailing in-kind wages, an assumed
quality premium of one percent and annual opportunity éost of capital
at 25 percent, an indicate& real net present value of savings to pro-
ducers by full mechanization is P18,445 per-100 MT of paddy harvested in
Central Luzon and P12,356 per 100 MT of that harvested in Bicol.

The comparative ratios which measure the incremental benefit
per peso of incremental investment for mechanical thresher and dryer,
are likewise favorable for the fully mechanized system., All the values
are well above the break-even point even at higher interest rates
whether labor was paid in cash or in-kind for both regions (with the
exception of the no premium case in Central Luzon at 35 percent interest
and with labor paid in cash), The ratio likewise increases with in=-

creasing levels of price premiun (Table 18),

Alternative 2 Mechanical Threshing with Traditional Sun Drying
This system cxhibits the highest comparative rate of return over
the existing traditional postharvest system of all alternative post-

production systems considered in this study. This is true in spite of



Tablel7 , Net present yalue (P/100 MT) of fully mechanized system at alternternative added wage rates, price
presium and rates of interest by reglon, Philippines, 1975-77, :

Alternative wage
LY '8 Central Luzeon Bicol Regicn

rate and price

premiums 5 8 12 25 30 35 5 8 12 25 30 35

Cash wage and no premium 21587 15626 10357 2414 926 -185 30812 22860 15700 4979 2976 1485
" 1 1)

" 0.5 " 31407 23429 16342 5617 3616 2128 40631 30603 21685 8182 5666 3798
e O, 41226 31232 22326 8820 6305 4442 50451 38406 27670 11385 8355 6112
L I+ 51045 39035 28311 12023 8995 6756 60270 46209  33654. 14588 11045 8426
"oow w0z 60865 46838 34296 15227 11685 9069 70089 54012 39639 17791 13735 10739

To-kind wage and no premium 51185 39146 28396 12069 9033 6789  337£7 25165 17513 5949. 3791 2185
mowowTwgsy % 61005 46949 34381 15272 11723 9102 43606 32967 23948 - 9152 6480 4499
mowom M0z " 70824 54752 40366 18475 14413 11416 53425 40770 29483 12356 9170 6813
mowom w57 " 30643 62555 46351 21679 17103 13730 63245 48573 35468 15559 11860 9127

now " w20z " 90463 70358 52335 24882 19793 16043 73064 56376 41452 18762 14550 11440

-0ot1-
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the absence of benefits from quality premiums foregone by sun drying.
Major factors contributing to the high CRR are low capital outlay for
sun drying pavement and low total operating costs for sun drying.

Based upor labor paid in cash at the prevailing wage rate in
the area, the annual CRR in Central Luzon for the incremental investment
in threshers only is 121 percent while in Bicol it is 183 percent. Both
regions show CRR's of 191 percent for this alternative when labor is
paid in kind in the form of prevailing harvester-thresher shares
(Table-19).

Positive net present values were likewise obtained in this
system even at high opportunity cost of capital (Table 20). Similarly,
the cbméarative ratios are well above the break-even level even at high
opportunity cost (Table 21). Comparative benefit-cost ratios hased on
in-kind wages range in both regions from 4.7 to 1 at 35 percent dis-

count rate to more than 10 to 1 at 5 percent annual discount rate.

Alternative 3 Traditional Threshing and Cleaning Using Frame and

Winnowing Basket and Mechanical Drying, Central Luzon

When the traditional system of threshing and cleaning is combined
with mechanical drying, quality premiums to farmers have to be increased
to at least 1.2 percent of prevailing market prices for paddy in order
to have a positive CRR over tzaditional systems both for labor paid in

" cash and paid in-kind. This is necessary to offset the high capital
outlay and operating expenses required for mechanical dryers. ‘The CRR
value is negative when premium payment is taken to be 1.0 percent. The
alternative is not feasible if premium payment to producers is 0.50
percent and even less feasible when premium payment is'diaregarded in

the analysis (Table 22).



Table 18. Comparative ratios of fully mechanized system of threshing and drying by region, Philippines,

1975-717.
Ratio of Added Savings to Added outlay
Alternative Wage Central Luzon Bicol Regiexn
Rates and Price i
Premiums 5 8 12 25 30 35 5 8 1225 0 ___35

Cash vage and no premium  2.271 2.040 1.787 1.237 1.096 0.980 2.692 2.412 2,108 1-452 1.285 1.147

" " “"o.sx " 2.849 2.559 2.242 . 1.552 1.375° 1.229 3.232° 2.895° 2.530 1.743 1.542 1.377

" " wl.oZz " 3.427 3.078 2,697 1.867 1.654 1.479 3.771 3.378- 2.952 2,034 1.799 1.607
" " *1.52 " 4.005 3.597 3.152 2,182 1.933 1.728 4.310 3.861 3.374 2.325 2.057 1.837
" " 2.0 " 4.583 4.117 3.607 2.497 2.212 1.978 4.8°Y 4.334 3.796 2.616 2.314 2.067

In-kind wage and no premium 4.013 3.605 3.159 2.187 1.937 1.732  2.856 2.558 2.235 1.540 1.363 1.217
now o n " 052 " 4.591 4.124 3.614 2,502 2.216 1.981 3.395 3.041 2.658 1.831 1.620 1.447
wononw "i1.0x *“ 5.169 4.643 4.069 2.817 2.495 2.231 3.934 3.524 3.080 2.122 1.877 1.677
"now " 1.5z " 5.747 5.162 4.524 3.132 2.774 2.480 4.474 4.007 3.502 2.413 2.135 1.907
W ownom w20 " 6.325 5.681 44738 3.447 3.053 2.730 5.013 4.490 3.924 2.704 2.392 2.137

-z‘[ I—
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Table 19. Comparative rates of return in mechanical threshing and sun

drying system, compared to traditional threshing and cleaning
combined with sun drying by region, Philippines, 1975-77.

Region ' Cash Wage
and :
Postharvest System Wage In-kind
percent

Mechanical threshing with sun drying

Central Luzon 121.042 191.492

Bicol Region 183,309 191.456

Threshing frame and wooden winnower
with sun drying

Bicol Region : 7.206 6.283
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Table 20. Net pregent values (P/100 MT), of mechanized threshing, and
sun drying system at alternative added wage rates, price

premium-and rates of interest by region, Philippines, 1975-77.

Discount - . Axial-Flow Thresher and Sun Drying
Central Luzon Bicol Region

Rate
' Cash Wage Wage in-kind Cash Wage Wage in-kind

(/100 MT)
5 43,08 73,306 50,659 63,634
8 34,083 57,603 47,632 49,996
12. 25,448 43,488 35,927 37,740
25 12,293 21,948 18,072 19,042
0 9,857 17,965 14,770 15,583

35 8,065 15,039 12,344 13,045
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Table 21. Comparative ratios of mechanical threshing and sun dzying by
‘ region, Philippines, 1975-77. :

‘Diacount - Cash Wage Wage in;kind
| Central Bicol Central Bicol
Luzon Region Luzon Region
5 : 6.477 ~10.474 10.165 ‘10.939
8 5.875 9.418 9,239 9.836
12 5.203 8.265 | 8.182 8.631
25 3.690 5.750 . 5.804 6.005
30 3.291 5.103 ©5.176 5.329

35 2.960 . 4.571 4.655 4.773
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Table 22. Comparative rates of return in traditional threshing and

cleaning combined with mechanical drying by region,
"Philippines, 1975-77.

Alternative Wage Rate : 9entra11 _Bicol2
and Price Premium Luzon Region
percent
Cash wage and no premium not feasible
" noovwgs5y M ’ not feasible
woowoowgoz v . -1.618 14.663
" f "1.54 " 23.412 32.074
N sk 41527
Wage in-kind and no premium not feasible
" " " 0,55 " not feasible -37.131
" " vl " -1.601 16.236
noow "o1.5% " : 23.425 16.236
" o "9 07 M 43.651 48.764

' lrraditional system of threshing and cleaning is with the use
of threshing frame and winnowing basket.

2 . s . . . .
Traditional system consist ~f using flail or stick and
wooden winnower for cleaning.
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Positive comparative net present values for this altérnative are
obtained only at 5 and.8 percent interest rates with quality premium of
1.2 percent or more. At 12 percent opportunity cost of caéital, the price
premivm has to be increased to 1.4 percent to obtain a positive NPV
and at 35 percent, a 2 percent premium for quality is required (Appendix
F~1). The same quality premiums are needed to bring the comparative
benefit-cost ratio for the incremenfal investmeat in mechanical dryers

beyond the break-even point (Appendix F-2).

Alternative & Traditional Threshing and Cleaning Using Frame and Wooden

Winnower Combined wit: Mechanical Drying, Bicol

A quality premium 6f 1.0 percent is needed for this alternative
- system to show a positive CRR of 14.7 percent when labor is paid in cash
or 16.2 percent when laboy is paid at current harvester—-thresher's fee
(Table 22).

The alternative is not feasible when no premium payment is con-
sidered, ever with premium payment of 0.5 percent, a negative CRR was
obtained in cases where labdr is paid in-kind, and was not feasible in

cases where labor was paid at current wages.

Alternative 5 Traditional Threshing and Cleaning Using Flail and Wooden

Winnower Combined with Mechanical Drying, Bicol

Due to the high capital outlay and operating costs required in
mechanical dryers, this alternative required a price premium'of at least
1.5lpercent to obtain a CRR of 4 percent whether labor is paid at pre-
vailing wages or at thresher's fee (Table 23). '

When price premium was at 1.0 percent, the CRR wasineggtive and

anyth{hg lower than 1.0 percent was not feasible.
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Tsbie 23. Comparative rates of return in traditional threshing using
flail and/or stick with wooden winnower combined with

zechanical drying, Bicol Region, Philippines, 1975-77.

Alternative Wage Rate
Bicol Region

and Price Premium

Cash wage and no premium . not feasible
.o "0.5% " not feasible
woowoowyer M -16.25
"o " i.SZ " 4,153
"o "“2.0% " 23.486

Wage in-kind and no premium not feasible
" " " o0.5%2 " not feasible
" " " 1.02 " -16.25
" " " 1.5 " : 4.279

" " " 2.0% " ' : 23.486
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Yn terms of nat present value, only premiums of 2 percent or
over resultad in pesitive net present values of cash flow at 5 and 8
percent interest. At higher interest rates from 25 percent on, even

a 2 percent hike in premium resulted in a negative NPV (Appendix F-3).

Alternative 6 Traditional Threshing and Cleaning Using Frame and Wooden

Winnower Combined with Sun Drying, Bicol

This traditional system, practiced in Bicol, resulted in a CRR of
7 percent when la$or was paid in cash and 6 percent when labor was paid
as a percent share of the gross harvest (Table 19).

Positive net present values were exhibited by the system at
rates of interest from 8 to 35 percent both in cases where labor is paid
i1 cash and in-kind. A 5 percent rate of iﬁterest, negative net present

values were obtained (Appendix F-4).

Comparative Performance of Alternative Post-Production Svstems

Among the different systems considered in the comparative analyses,
the alternative using the axial-flow thresher combined with sun drying
exhibited the highest CRR in spite of the foregome quality price premiums
under this system. The low capital and op;rating costs of traditional
sun drying coupled with the efficient performance of the axial-flow
thresher, in terms of capacity utilization and low labor requirement, all
contributed to this high CRR.

Next in rank according to CRR value is the fully meihanized system
using the axial-flow thresher and the batch dryer. The mixed system
where traditional methods of threshing and cleaning are combined with

the mechanical dryer shows relatively low comparative rate of return even

with substantial quality premiums to farmers. This is due to the high
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capital outlay and operating expenses required for mechanical drying such
that a price premium of about 2 percent for each 5 percent in head rice
yield is needed in order for the incremental investment to pay off.

It was observed that the potential capacity of the mechanical dryers was
not fully achieved during the implementation of the project and this
contributed further to the low CRR of tracitional threshing and mech-
anical drying.

For all postharvest systems, higher CRR's were obtained when cost
of labor was imputed from the prevailing harvester and thresher share.
This is because wages actually paid in rice harvesting and threshing are
significantly higher than the legal agricultural wages, reflecting seasonal
shortages of labor during the peak'harvesting and threshing months as
well as social and cultural mores at the barrio level.

The findings of the study are consistent with the greater pop~
ularity of axial-flow threshers than batch dryers in the study areas. In
addition to time, labor and cost differentials, farmers claim that
mechanical thveshers permit easy monitoring of threshing and distribution
of the final product. Unlike the traditional system which offers con=
siderable opportunity fof éilferage by those performing the threshing
task, mechanical chreshing effectively consolidates control of the threshing
operation since the grain is simultaneously threshed, cleaned and bagged.
1t also facilitates handling of non-shattering varieties which is a big
problem to farmers using manual methods. Moreover, the machine can alse
vtﬁtesh high moisture paddy which comes in very handy during the wet
season harvest when early completion of the different postharvest tasks

is a must to save as much of the grair as possible from deterioration.
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The popularity of mechanical threshers ic indicative of the felt
need for mechanization resulting from seasonal demands for labor during
harvest, because in spite of the apparent presence of surplus labor dur-
ing the rest of the season, labor bottlenecks still exist during the
harvest period.

Promoting the use of the twin-bed batch dryer may continue to
prove difficult because farmers believe solar drying is still the most
economical if not the best method of drying. Only under conditions
wherein sun drying is rendered impossible (due to inclement weather and
other unfavorable circumstances) does mechanical drying become the sole
recourse. Part of the problem is the high initial cost of the machine
which is beyond the reach of ordinary farmers. This is further aggrav-
ated by the high operating and maintenance expenses especially the rising
price of fuel. One way to offset this is through price premiums which
are high enough to pay for the added cost of imnroved
drying; however, measures and prices are not standardized and do not
often reflect moisture content, percent head rice and other characteris-
tics of the product. According to Mears (40) ... "In general, variety
and appearance characteristics have the most important influence on
price. The percentage of head rice is positively correlated to price

but much less important than in the world markets." He concluded by
saying ... "expensive mechanical driers can not be justified by the pre-
mium expected domestically for the resulting improved quality, since
domestic markets provide but a small premium for reduction in broken
grains. Such investment must be justified either on its advantage in

preventing loss to rainy season harvests or by premiums in the world

market for better quality rice."
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An examination of the paddy marketing system following the field
level post-production operations may likewise explain why mechanical
dryers are not attractive to farmers. Figure 10 shows the distribution
of paddy among recipients following harvest. Of the 60 percent retained
by a éensnt-operator, 25 percent is sold and 32 percent is stored for
home consumption. Figure 11 pinpoints the location within the post-
production distributive system where drying takes place. For tenant
farmers, 52 percent of the paddy is sold or distributed before it is
dried. The remainder is not sufficient inducement for an individual
farmer to own and operate a mechanical dryer. While the bulk of paddy
is sun-dvied at the farm level and retained for household consumption,

a significant share enters the market prior to drying. Under this
system, all the wet paddy is collected by those involved in the market
chain althouéh, through price discounting the cost is passed back to

the farmers. This is illustrated by ‘the results of the comprehensive
survey conducted in 1974-75 in Central Luzon, Southern Tagalog and

Bicol region (16) which show the selling margins based on moisture con-
tent. "A mark-up in price as well as a difference in weight between

dry and wet paddy at the time of sale was reported by 24 percent of

those farmers trading paddy. The price margin between dry and wet paddy
ranged from P0.02 to PO.25 per kilogram. Some farmers feported a price
margin as high as P0.70 per kilogram \Table 24). On a per cavan basis,11
the price ranged from P1.00 to P4.00 with one farmer reporting a mark-up
ae high as P13.00 per cavan. A difference in weight between wet and dry
pacddy on a per cavan basis was likewise reported. A cavan of wet paddy

is 2 to 4 kilograms heavier than dry paddy."

115 cavan weighs about 50 kilos.
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In spite of these price and weight differentials, only 39 percent
of the 403 trading farmers dry their paddy during the wet season and
only 30 percent of the 293 farmers during the dry season. Three reasons
vere cited for this situation: a) immediate need for cash, b) commitment
of produce before the date of harvest by farmers who borrowed rrom their
. landlords or merchants, and c) farmers felt the difference in price
would not compensate for the time and money spent in drying, although
they had no clear perception of the costs of mechanical drying if it
were available.

The very low number of farmers in the survey who dried paddy
prior to sale in both the wet and dry season indicates: a) lack of
suitable low cost technology to carry out drying at the farm level or
b) a lack of perception on the part of the farmer of the benefits to be
derived from drying prior to sale. The lack of suitable buying standards
which clearly outlines the increased returns a farmer may derive from
selling low-moisture high quality grain also severely inhibits implemen-

tation of a drying program.
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Table 24, Comparative weight and price margins between wet and dry paddy

by region, 1973.

Item Central Southern Camarines All
' Luzon Luzon Sur
Farmers engaged in trading 149 121 137 407
percent reporting
Price margin per kilogram (pesos)
0,02 - 0.25 91 75 93 90
0,26 - 0,50 6 25 7 8
0,51 - 0,70 3 - - 2
Sub=total 34 9 24 26
Price margin per cavan (pesos)
1,00 - 2,00 22 38 29 30
3.00 - 4,00 45 22 33 33
10.00 =13,00 4 9 13 8
Sub-total 29 75 40 42
Weight margin per cavan (kilograms) ‘
2.0 7 29 35 20
3.0 4 29 24 14
4,0 70 - 12 41
5.0 19 42 29 25
Sub-total 29 16 29 26~
Weight and price margin per cavan or paddy
weight margin - 2 to 4 kg. 100 - 100 100
price margin = 1 to 5 .
Sub~total 8 - 7 6
TOTAL 100 100 100 100




‘CHAPTER V

SUMMARY AND CONCLUSIONS

Summary»of Findings

This study attempts to examine the different issues involved in the
choice.among alternative post-production technologies. The study has
four objectives: a) to review the range of alternative post-production
technologies currently practiced in the area, b) to examine the nature,
patterns, magnitudes and causes of losses under various systems of post-
production technology and management, c¢) to determine the factors that
explain the choice of technology in rice post production, and d) to
. analyze the policy implications of these considerations.

The data used in the study are based on a series of field level
trials conducted by the Departmént of Agricultural Engineering of the
International Rice Research Institute in Central Luzon in 1975-76 and
in the Bicol Regions in 1976-77, These field trials were carried o@t
to assass the performance of the IRRI-designed- axial-flow thresher and
twin-bed batch dryer as compared to traditional_ﬁethods of threshing,
éleaning.apd drying.

'.The first part of the study examined the nature and ch:racteristics
of post-production practices in the Philippines and compared resource use
and institutional arrangements embodied in each element of these systems,

- Then the criteria o€ choice o’ alternative technology were evaluated in
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terms of efflclency, factor intenmsity, and complexity.

Eff1c1ency of alternative technologies was _examined in terﬁs of
the ﬁerformance of alternative systems in terms of (a) physical and quality
losses, (b) labor and capital requirement, and (c) compa:ativg rate of re-
~ turn on alternative investments. The latter two criteria wefe used to
4ev§1uate the factor intensity of altefnative systems.

Results from the study showed tha; improved post-production tech-
nolbgy involving the use of the axial-flow threéher and twin-bed batch
dryer incurred lesser physical losses in the different post—produétion
tasks compared to the traditional system. In terms of quality deter-
ioration, significantly higher percentage head rice recovery was obtained
from systems performing the different post—production tasks on time and
those using mnchanlcal dryers.' In the threshing operatiom, the axxal-
flow thresher and the threshxng frame (hampasan) exhibited higiher percent

xhead rice than the flail and/or stick with the mechanical thresher ex-
hibiting a iittle edge over the threshing frame.

Traditional systems are more labor—-intensive requiring two to
three times more man-hours than the mechanized gystem, On the other
hand, mecﬁanized system are more capital-intensive requiring capital
outlay way beyond the financial capability of small ;ice farmers.,

General Linear Model of the Statistical Analysis'System was used
to detormine the loss response functions for threshing loss, head rice
recovery, total milling yield and market grade of milled rice among
alternat1ve post-production systems.' Inferior quality charactefistics
of paddy and milled rice such as 1mpur1ty, cracked damaged, fermented,
aﬁd chalky kernels were found to be associated with a significant re-

duction in the quantity, quality and market grade of milled rice.
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Timeliness in the performance of subsequent post-production tasks as well
.as the type of machine or equipment used likewise influenced variability
in rice recovery and grade. Delays in the performance of tne different
post-production tasks expose the grain to weather hazards resulting in
kernel deterioratirn and possible fissuring or sun-checking, thus reducing
the amount of head rice and lowering the grade of paddy and milled rice.

Conparative rate of return (CRR) on added capital investment was
used to measure the economic potential.of alternative post-production
-gystems ovir that of the traditional systems currently practiced in the
area. Ausong the different systems considered, the alternative combining
mechanical threshing with sun drying exhibited the highest CRR in spite
of the foregone quality price premiums under this system. This is due
to the'iow capital and operating costs ef sun drying coupled with the
efficient performance of the axialnflow thresher.

The second highest CRR calue was obtained from systems using the
axial-flow thresher and the twin-bed batch dryer. Alternatives where
traditional methods of threshing and cleaning are combined with the
'mecnanieal dryer shows relatively low comparative rate of return even
with substantial quality premiums to farmers. This is due to the high
capital outlay‘and operating expenses required for mechanical drying
such that 2 price premium of about 2 percent for each 5 percent in head
tice yiela is needed in order fcr the incremental investment to pay off.
It was observed that the notential capacity of the mechanicgl dryers was
_ not fully achieved during the implementation of the project and this con-

tributed further to the low CRR of traditional threshing and mechanical

drying}
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For all poaéharvest systems, higher CRR's were obtained when cost
of labor was imputed from the prevailing harvester and threshers share.
This is because wages actually paid in rice harvesting and threshing are
‘significantly higher than the legal agricultural wages, reflecting seasonal
shortages of labor during the peak harvesting and threshing months as well
as social and cultural mores at the barrio level.

Other institutional factors provide the general matrix for decision
gnd choice améng alternative post-production systems. These include the
physical, institutional, social, cultural, technical, economic and politi-

cal factors not explicitly accounted for in the empirical analyses.

Implications of the Study

With higher cropping>intensity due to the new rice technology,
timeliness of operations is imperative and possible only when labor is
supplemented by machines. The increasing popularity of the axial-flow
threshers in the study area supports this fact. Wider adoption of
mechanical threshers is indicative of the felt need for mechanization
resulting from seasonal demands for labor during harvests, because in
spite of the apparent presence of surplus labor during the rest of the
Season,‘labor bottlenecks still exist during the harvest period.

This labor shortage is due largelyto expanded irrigation which
facilitates increased cropping intensity of the high-yieldiﬁg rice
varieties. This phenomenon has led to rapid adoption of mechanical
threshers which shortens the turnaround period and permits near-optimal
timing of the plantihg of a second crop. In addition to time, labor
and cost differéntials, farmers claim that unlike the traditional system
which offera consider;b1e opportunity for pilferage by those performing

_the threshing task, mect. ical threshing effectively consolidates control
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of the threshing operation since the grain is simultaneously threshed,
cleaned and bagged. It also facilitates handling of non-shattering
varieties which is a big problem to farmers using manual methods. More-
over, the machine can als§ thresh high moisture paddy which comes in
very handy during the wet season harvest when early completion of the
different postharvest tasks is a must to save as much of the grain as
possible from deterioration.

Increased thresher adoption strqngthens the notion that institutiona;
arrangements associated with traditional technologies need not be regarded
as formidable obstacles to appropriate levels of mechanization. It is
also indicative of the potential for local manufacture and development
‘of simple, inexpensive postharvesf equipment and the resulting favorable
employment generation effects.

In thé case of the batch aryer, promoting its use may continue
to prove difficult because farmers believe solar drying is still the most
" economical if not the best method of drying. Part of the problem is the
high initial cost of the machine which is beyond the reach of ordinary
farmers, and the only way.to offset this is through price premiums which
| are high enough to pay for the added cost of improved
drying. Until the consumer market pays a premium for high quality paddy
And milled rice, there will be no incentive for farmers to exercise care
and be quality conscious in their post-production practices. In like
manner, millers and other sectors in the processing and distribution
chain will not be encouraged to improve their milling and processing
practices if grading and quality standardization of paddy and milled
rice entering the commercial market ave not untformly practiced and

premiumﬂqualiﬁy adequately compensated.
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The reluctance to use mechanical dryers is also indicative of the
factfthat most small farmers have riee output toO smalf to justify owner-
ship or evea the use of expensive equipment. There are two possible
solution to this problem. One is for the farmers to form small groups
or cooperatives, thus gaining enough capital and volume to be able to
purchase the drying equipment. The other is for either the commercial

buyers or government-owned warehouses to perform custom drying of the

many small lots of grain from the farmers in the surrounding area.

Conclusions

Although the strict validity of the estimate is restricted to
Central Luzon and Bicol Region, the findings of the study permit some
general conclusic.s about alternative post-production systems in other
regions:

1. Every step in the post-productiun chain can contribute to
physical loss and quality deterioration. Paddy milling is
just one of the links in the total system of post production.
Its performa:ue greatly depends on the operations preceeding
it.

2. Timeliness in alternative post-production tasks is a critical
factor conditioning grain loss and quality deterioration.
Cultural practices must be changed to shorten the period
from harvesting to milling because results from the study
indicate that delays result in significant reduction in the
quantity and quality of milled rice.

3. Reduction in post-productinn losses will rpequire substantial
adjustments in the current traditional practices. Inter-

mediate post-production machines 1ike threshers and dryers
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ghow' great potential. And in view of the complexity and

interdependency of operations, modification in more than one
element of the system is required to achieve maximum benefits
from these changes.

The social and economic implications of using mechanical post-
production equipment lies in the determination of the right
type, reasonable capital outlay and optimum machine capacity
that will mafch the needs and financial capabilities of rice
farmers.

The farmer should be the focal point of activities since

it is ﬁe who makes the production decisions, and much of

the success or failure of the national effort to reduce
post-production losses in rice depends upon him. The

degree of efficiency of the marketing systems available

to the farmer or other sectors in the rice industry
determine to a significant degree the total effective food
supply for the country.

Price support and stabilization programs for rice have to

be viewed in the light of problems cancerning the distribu-
tion of rice as conditioned by the geographic segmentation
of the country, poor transportation fécilities in many
regions, and the lack of effective marketing organization
for the farmers. In marketing, the critical considerations
are long rangé in nature, including development of

improved infrastructure, provisicn of supervised credit,
effective and practical standardization of paddy and milled
rice, provision of sufficient price incentives and subsidies,

ate. that will enable the farmems and other sectors in the
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rice industry to venture profitably into improved post-

production and processing practices.
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APPENDIX A

RESPONSIBILITIES OF FARMERS' ASSOCIATION AND FARMER
COOPERATORS IN FIELD LEVEL TRIALS
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Appendix A-1. Responsibilities of Farmers' Association

1) The farmer association must be willing to acquire and
use one thresher and one twin-bed batch dryer under
supervision from the IRRL personnel who will provide
training to operators and technicians during the dura-
tion of the field trials.

2) The association is responsible for the up-to-date re-
payment of the loan used to procure the thresher and
dryer; as such it should look into the proper and
full utilization of the machine.

3) The association should assign at least three (3) opera-
tors for the thresher and two (2) for the dryer.

4) 1In addition to the regular operators, at least two
elders from the association should closely supervise
the operation and maintenance of the machine.

5) One elder will be assigned to the thresher and the
other to the dryer with the Jollowing responsibilities:

- to see to it that fuel and oil is always available to
ensure continuous and effective use of the machine;

- to regularly check the condition of the machine before
and after use;

- to ma‘ntain up~-to-date and comprehensive record of
machine utilization, e.g. a record of the expenses,
receipts, no. of bags threshed and/or dried, name of
the operator, etc.

- to collect the threshing and/or drying fees immediately
following operation to ensure timely collection and
repayment;

- to schedule the use of the machine so as not to impair
the experiment and avoid conflicts among farmer-users
especially during peak use;

- to look into the timely delivery of the machine to the
farmer's field and to ensure the safekeeping of the
machines;

- to bring to the attention of the association or the
IRRI team as the case may be, any problem that may
arise regarding use of the machine.
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Appendix A-2. Participation Required from Farmer Cooperators

1)

2)

3)

4)

5)

6)

7)

8)

9)

Full cooperation and whole-hearted support for the success
of the experiment: is requested from all cooperators.

Cooperators will be requested to assist the IRRI tean in
planning the different postharvest operations by providing
the best estimates of harvesting dates for all plots in-
cluded in the field trials.

Cooperators should allow supervised handling and measure-
ment of the portion of their crop used in the trials up
to and including milling.

Should there be any change or alterations in the date of
harvesting as estimated by the farmer due to environ-
mental as well as physical factors, this should be brought
to the attention of the IRRI postharvest team as soon as
possible to ensure success of the experiment.

Though the IRRI team will be in the area to supervise and
help in ihe implementation of the trials, farmer cooperatows
are requested to assist in performing the different post-
harvest tasks as usual (except the use of machines in some
of the systems) as if no experiment is being conducted.

This will help reduce some of the possible bias that might
result from the field trials.

For an accurate measurement of the handling losses, it is
requested that the harvester-thresher's share frcm plots

included in the experiment be taken from other plots not

included in the trials. The volume of paddy included in

the trials should be kept intact or remain uatouched from
harvesting up to drying or until all pertinent data have

been recorded.

In the drying operation, especially with the use of the
batch dryer, cooperators are requested to comply with the
drying requirement even if they feel the price offered for
dried paddy does not compensate for the cost of drying.

In the case of solar drying, cooperators are likewise
requested to have their paddy sun-dried even if they need
to sell their paddy immediately. This will enable IRRI
staff to have complete comparative data from both tradi-
tional and improved system.

The number of harvesters and threshers a farmer cooperator
normally employs for postharvest operations will not be
limited; however, it is requested that the different opera-
tions be planned and executed in such a way as 8o enable

the limited number of IRRI staff to record all the operations.
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APPENDIX B

VARIABLES USED IN THE MULTIPLE REGRESSION ANALYSIS

Previous Page Blank
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Quantitative Analysis
HOdQ]. (Y-XI. xz. coo,o..colt..o.noono. x19 )

where:

Y = amount of paddy lost per hectare (kilograms per hectare)

>4
]

1 threshing yield (kilograms)

plot size (square meters)

t e
~
[ |

harvest yield (kilograms)

>4
w
[ |

labor requirement for harvesting (hours)

ted
&
]

X5 = " " "  threshing

" " " "

drying

X7 = elapsed time from harvesting to threshing (hours)
Xg = " " "  threshing to drying "

Xg = total elapsed time from harvesting to drying (hours)

X10™ maturity

Xq) = yield performance

X129 = 16dging

Xy3 = shattering

X4 = tillering

X5 = weed problem

X)g = pests and diseases

Xi7 ™ weatﬁer during.harvesting

X1g = weather during threshing

X19 = weather during drying

For variables X;q5 to X;q, dummy values were used, For the different
varietal characteristics, the IRRI Standard Evaluation System for Rice

prepared by the International Rice Testing Program (IRTP) was used for



-141-
the different scales used:
Maturity = is the number of days from seeding to grain ripening
and for different varieties used in tﬁe trials, the

following are their respective maturity days:

Variety » Maturity (days)
IR 20 120
IR 26 130
IR 30 : 110
IR 579-48 115
IR 747-B2-63 105
IR 1561-228-33 115
IR 1529-680 125
C4-G 125

Yield performance = estimated yield performance per hectare of IRRI
varieties as observed from field experiment and trials in
farmers field.

Lodging = tendency of the rice plant to droop or fall down to the
ground at maturity. For lodging, the following scales were

used:
Scale 1 - no lodging
3 - most plants (more than 50%) slightly lodged
5 - most plants moderately lodged
7 - most plants nearly flat
9 - all plants flat on the ground

Shattering (Threshability) = ease or difficulty of separating the
grain from the panicle.

- very tight (less than 1%)

tight (up to 5%)

intermediate (5 to 25%)

loose (25-50%)

- free shattering (greater than 50%)

VWUV
[

Tillering = capability of rice varieties to produée tillers

1 - excellent, very prolific
3 - good

5 - medium
7
9

- poor
- very poor

For the different rice varieties planted and used in the village
level field trials, the following scale values were used:
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Variety Lodging Threshability Tillering Yield (tons/
IR 20 5 3 3 5
IR 26 3 5 3 1
IR 30 : 3 3 3 3
IR 579-48 1 5 3 3
IR 747-B2-63 3 7 3 5
IR 1561-228-33 3 5 3 3
IR 1529-680 1 3 3 3
C-4-G 7 7 5 7

Weed problem = presence or absence of weeds in the farmer's field.
Tha values used for this variable are as follows:

0 - no weed problem
1 - with weed problem

Pests and Diseases ™ presence or absence of diseases and other pest
infestation in the farmer's field.

0 - no pest or disease problem
1 - with pest or disease problem

Weather (during the performance of the different post-production
operations). For this variable the following dummy values
were uged:

- good weather
slight shower
- rain

- typhoon

PN -

'Loss per hectare (Y) = harvest yield (X3) - threshing vield (X;)

x 10,000
Plot size (xz)

where: harvest yield (X3) = potential yield based on crop cut
samples corrected for moisture con-
tent and impurities
threshing yield (X ) = weight of paddy recovered after
threshing operation corrected for
moisture content and impurities

plot size = area of plot included in the field trialé

Qualitative Analysis

MOdel (Y-XI, x2’ sesee000 PO X13)
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Y = can either be milling recovery (X13) or head rice
recovery (X,) or brokens (X4)

X. = moisture content

2
" Xy = chaff
” X4 = weed seed
i:ﬁs Q cracked kernels
- Xy = other varieties
X9 = brokens
Xg = brewer's rice or "binlid
X9 = fermented kernels
X)o = damaged kernels
X1] = chalky kernels
" X12 = rod rice

x13'- milling recovery

All of the above qualitative characteristics of paddy and milled
rice a:e expressed in percentages.

wt. of impurities
% Dockage = wt. of sample

x loo!

: wt. of weeds and crop seeds
% Weed and Crop Seeds = wt. of sample

x 100

: wt. of other varieties . 100
% Other varieties = wt. of sample used®

wt. of chalky and immature kernels
X Chalky and immature = wt. of sample used

wt. of damaged kernels
. % Damaged kernel = wt. of sample used

x 100

» : wt. of yellow and fermented kernels .
% Yellow and fermented = wt. of sampled used

x 100

1Dockage (impurities) includes Xq + X4
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wt. of red rice
% Red Rice = wt. of sample used

x 100

wt. of milled rice obtained
% Milling Recovery = wt. of paddy sample used in hulling

x 100

wt. of whole milied rice % 100
% Head Rice = wt. of milled rice sample used® .

wt. of broken milled rice 100
% Broken Rice = wt, of milled rice sample used

wt. of brewers rice 10
% Brewers Rice = wt. of milled rice sample used

8yeight of sample = 500 g

bweighc of sample = 25 g

Cweight of milled rice sample used =100 g
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APPENDIX C

| LABORATORY ANALYSIS OF PADDY AND MILLED RICE IN ALTERNATIVE
’ " POST =PRODUCTION ‘SYSTEMS _



1. For Paddy Samples

Field Sample
Purity Analysis
Cracked Kernel Determination
Hoisture'Content_Determination
Dry (13 —'Llaz MC)
Dehull 200 gram Sample

Brown Rice

L
Obtain 25 grams for the
analysis of:

a. Fermented & heat
damaged

b. Immature Kernel
¢. Red Rice
d. Other Variety

Whitening

|
Br¥n Milled Rice

Grading
a. Head Rice
b. Broken Rice
c. Brewer's Rice

d. Milling Degree



(cont.)

2. For Milled Rice Samples
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Field Sample
I

>
100 grams

Analyze‘for:

Milling degice

No. of paddy/100
grams

Head Rice

Brewer's Rice

J
25 grams for the
analysis of:

a.

Chalky and Immature
Kernels

Yellow and Damaged
Kernels

Red Rice
Other Variety

Foreign Matter
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APPENDIX D

| , LOSS RESPONSE
FUNCTIONS FOR RICE RECOVERY AND NUMERICAL GRADES OF MILLED RICE

Previous Page Blank



APPENDIX TABLE D-1. RELATIONSHIP BETWEEN THLOSS AND QLTY-QTY FACTORS

GENERAL LIKEAR MCDELS FROCECURE
DEPENCENT VARIADLES THLOSS

SCURCE OF SUNM OF SQUARES FEAN SQUARE F VALUE PR O F R-SQUARE
MCDEL 12 27448229,04128711 22812%2,4201C726 5.90 0.0C01 0.2346177
EFROR 233 89513476,8983%5844 3875C4,22899722 STC CEV
CORRECTED TOTVAL 243 116961705.93964555 622.45037€10
SOURCE OF ‘ TYPE 1 SS F VALUE PR > F DF 1YPE IV §S F VALUE
TERESH 1 2015586.14712879 5.20 0.0235 <1 1404811,.61251592 3.62
CLEAN 1 22066841,04336389 5.85 0.0154 1 1157411.4%1790C¢E 2.99
PLISILE 1 5983280.96980425 15.18 0. 0001 1 £823899.740513117 12.45
REGION 1 13530089, 07974213 3.49 0,0629 1 22828.£6%5730544 V.06
MLHVHA 1 1733981,36568659 4.41 0.0355 1 2213248,51285738 5.71
ETHY 1 1778450.07027410 4459 0.0332 1 28C82C.085351426 0.172
ETTH 1 1161358.32832388 . 3,01 0.C840 1 491660,75117¢3S 1.27
ETHVTH 1 228:2173,.85506781 5.89 0.0160 1 3108212,45175866 8.02
BROKENS 1 6611244.22672366 17.06 0.0001 1 3675061.32224308 9.49
IPPURITY 1 333008.492067¢1 0.8¢ . 0.3543 ] 519158.651533948 1.34
THRHBROK 1 1026388.15545210 2.6% 0. 1050 1 1287063.71219955 3.3
THRHINPU 1 996927.30365162 2,517 G. 1101 1 996927.30365192 24517

i

+. T FOR HOt PR > T STD ERRUR OF
PARAMETER ESTIMATE * PARAMETER=0 ESTIMATE
INTERCEPT 299.16011220 0.89 0.3746 330026241691
THRESH 273.788475170 1.90 0.0582 143. 79518676
CLEAN ~156.61406457 -1.73 0.G853 90. 62025674
PLTSIZE 0.16663157 3.53 0.0005 0.04122165
REGIUN 24, 42090560 0. 24 0.8C84 100.61432111
HCHVHA - =39,3169035%0 -2.29 0.0177 16. 45134399
ETHY ~0,03479649 -0 85 0.3955 0.04087511
ETTH -0.03020282 -1.13 0.2612 0.02631325%
€ THVTH 2,3762524E-05 2.83 0.005C 0.00001192
ARCKENS 2R, 81558441 3.c8 9.,0023 9,35604118
TPPURETY 36,96301326 1.16 0.2482 31.93418187
THRHBROK -7.1711783237 -1.82 00,0697 3,93518689

TERHINMY -23,938060C5 ~1.60 0.1101 14,92435018

CeV,
83.2402
THLCSS NEAN
747.03353857

PR > F

0. 0502
C.0853
90,0005
0. 8084
0,0177
0.3955
€. 2612
0,00%9
Cc.0023
Ce2483
0. 0697
0.1101

=061~



APPENDIX TABLE D-2. RELATIONSHIP BETWEEN PERCENT HEADRICE AND QLTY-OTY FACTORS IN TERESHING

GFNERAL LINEAR MUDELS PROCEDURE
DEPENCENT VARIABLES HEAURICE

SOURCE DF SUM OF. SGUARES MCAN SUQUARE F VYALUE PR DOF R-SQUARE CaVe

MCDEL 16 1671256905324 1C44.47310334 6.40 0.0L01 0.310060 16.4252

EFROR 228 37186.,205269C7 1€3.C97409C7 STD CEV REACRICE HEAN

CCRRICTED TOTAL 244 53897, 77892245 12.77095%60 717.70510204

SOURCE DF TYPE | SS F VALUE PR > F OF TYPE IV 3§ F VALUE PR > F

CRACKK 1 3216.54218643 19.72 0.0001 1 1702.01333951 10.44 0.0014

DAMAGEK 1 1199,78823524 7.36 0.0072 1 398.145652158 2444 Ce 1166

CHALKYK 1 5678.55539827 34,82 0.0001 .1 4067.51804566 24 .94 0.0001

FERMUATK 1 1. H4£ 30246 Y.l 0.9154 1 20731538215% 1.27 €.2609

MCISTURE 1 171.687117029 4. 73 0.,03C6 1 148.8487156¢ 0.91 C.3408

HARVE ST 1 1851.t 0994693 11.35 0.0009 1 22.1438364C 0.4 0.7129

HANDLC 1 213,62453141 1.31 0. 25306 1 204.93591942 1.26 C.2€35

THRESH 1 144,90811012 0.89 0.2469 1 319.73643038 196 C.1622

REGION 1 227.886580222 1.40 0.238s 1 247.37¢08318 %2 Ce219%

MCHVHA 1 1446.43273229 8.87 0.C032 1 2.0520171% 0.01 0.9C99

MCTHHA 1 312.75329943 1.92 0.15675 1 29C.30480827 1.78 0.183%

EThY 1 3%,18300311 Ce 22 0.6428 1 397.547112817 2.44 G.1199

HARVMC 1 240.65995718 1.48 002257 1 10C.49C13TT¢ 0.62 C.4333

THRIMC 1 613.7682713863 3.76 0.0530 1 38C«53454334 2.73 0. 1280

THRHI AN 1 235.13307887 1.44 0.2311 1 241.08117707 1.49 G. 2253

MDETHY 1 $20.98657380 3.19 0.0752 1 520.9E€E5738¢C 2.19 0.0152
T FOR HO:2 PR > IT] STD ERRUR OF

PARAMETER ESTIMATE PARAMETER=D ESTIMATE

INTERCEPT 62.154C87686 4.00 0.cocl 15.55130018

CRACKK ~0.40685179 ~-3.23 0.0014 0012594423

DAMAGEK 3. 69792412 1.56 0.1196 2. 36619065

CHALKYK 1.04723229 4459 0.0001 2.20970161

FERHENTK 0.55873964 1.13 0.2609 0.45583043

MCISTURL 0.66970C17 0.95 0.34C8 0. 70149303

HARVEST =1.79604965 -0.37 0.7129 4.87432510

HANDLL -1.60TIEETT -1.12 0.2635 1.43395466

THRESH 8.42087983 1.40 0.1828 6401429795

REGIUN -2.94644684 -1.23 0.2194 2.39245229

HCHVEA 0,07392457 C.11 0.9C99 0.65272761

MCTHHA -J3.50921203 -1.33 ¢ 835 0.381670619

ETHV 0.00221757 1.% 0.1199 0.00142064

HARVPC 0.17244170 .78 0.4232 0. 21969452

THRHAC -J. 43074961 -1.53 v.l280 0.28200133

THRHDAM -0s99140E55 ~1.22 0.22%3 U. 81542785

MDETHV -0.00036199 -1.79 0.0752 J.Q0020253

-161-



APPENDIX TABLE D-3. RELATIONSFIP BETWFEM PERCENT HEADRICE AND QLTY-OTY FACTORS IN DRYING

GEMEPAL LINEAR WODELS PROCEOURE
DEPENDINT VAPIAFLES WEWMPRICE

SOURCE [ SUR OF SQUARES RFAN JQUARE F vaLuE md>e R-5QUaRE CeV¥e

noettL 23 11463,31307373 488, 4136119 (1% 11 e.0001 8.397310 11.0072

EAROR 220 IRATCIE IO Y ] 18.956829%2 10 o4V NEASRICE NEAN

CORRFCVED TOTAL 243 200133.97136043 0.80373430 88.07233007

sounct of IYPE LSS m>F oF 1vPE IV 38 m> e

CHALKYE 1 113.20574844 €.2323 1 88.2309047C 0.3595

tARRLtY [ 1159,62220083 2 [ 2.3749993¢ 9. 0443

caacHN 1 3623. 4842230 1 tn.unun 0.0020

TERENTR 1 2.40014%%0 o.00117 1 617.C2900814 0.908)

DARAGFR 1 343, 12945377 « 8383 1 163.C3%42918 s.1921

HARJEST 1 T99.87384143 « 0017 1 710,92950 018 6.0030

HAKDA € 1 ees, 20716617 0.0083 1 319.43971342 0.0454

THRESH 1 42,620283¢6 0. 4633 1 T.16982022 0.7548

cLzAN 1 0.250%4327 02,9551 1 170.91075008 .1337

ony 1 140,023°2514 0.C022 1 al.vuum AT

REGION [l AT71.73214597 0.01%3 1 .0 0. 0179

HOMYHA 1 21. 72490042 0.5341 1 u .zuu o4 L0136

MODRHA 1 270, 14665927 0. 0054 1 lu.nlu!n 0.2009

(31, 1 1.087%2941 0.907% 1 s. 1820

(37 1 2 0. 994y 1 00374

NOE THY 1 0. 3206 [1 9.0074

NOETOR 1 30%.469964 53 6. 0304 1 c. 0193

OAVFERK 1 826.60445210 0.0014 1 g.0021

EYVIFENR 1 104, 99483709 3 0.2%01 1 192.1 unu s.1262

DRYDAR 1 e37.047072 19 8.07 0. 0049 1 492.91842033 09,0132

CLENINPY 1 190, 19963019 .46 0.1102 1 170.71337526 L1339

THRMCY AK 1 46,39483309 0,99 0 4434 1 99.211%012 G 2081

DAVCPAK 1 458.443047 39 8.34 9.0043 1 030.44304739 60043
T FOR NO1 > Ivl S0 ERROA UF

PARANFTER ISTINATE PARAMEVER O ESTImATE

INTERCEPT 70.27910908 1.1 $.52840002

CHALR YR 0.16712143 8.93 0. 17974127

1#PURITY -0,12926419 ~0.19 0.68397436

CRACEK ~1.57371160 ~3.13 0.503%6112

FERMELTR -2, 18319332 -2.82 0. 9761423

DARAGEK 1. 63320537 [y 1. 13794241

HARVEST 2, 30138373 3.€0 9. 75361643

HALDLF -2,00707742 -2.01 1.02732319

THOLSM 9,5038%2 17 0.3 1.60017270

CLEAN ~2.394132% “1.9 1. 39043000

ORY -0. 6065580 -0,52 1.13550100

AEGINH 3. %4l612% 2.2 2,3331 T

NDHVHA 0.78022820 1.8 0.43393827

noorhia 29.68638992 1«13 T26.330578%0

(104 0.0013938% 1.40 0.00099343

FioR 0. 00896131 ° 2.09 0,00043052

NOETHY -9.80026074 a4 9.00014103

npEIrR «0.00 77483 ~1.78 0.00439400

ERVFEPR 0. 8921714 .11 S. 20454107

ETINFEPR -3.C9015%97 ~1.% 0.00009992

usvoaH “0.03641647 -2.9 3.33473%49

CLENIPIY 0. 31 244936 1.% 0.20763037

THRIC PAX 0.1683997% 1.07 0.15562183

BRYCRAR 0. 22913490 2.089 0.0043 0.07934408

-Ts1-



APPENDIX TABLE D-4. RELATIONSHIP RETWEEN MILL RECOVERY AND OLTY-0OTY FACTORS IN THRESHING

GINFRAL LINEAR MODELS PRUCEDURE
DEPENCENT VARIAELE: MILLREC

SCURCE DF SUM OF SCUARES MEAN SQUARE F VALUE PR O F R-SQUARE CeVe

NCDEL 18 1181.41574126 €5.£3420785 9.19 g.0co1 0.422715 3.9943

EFRGR 226 1613.412432°23 7. 13899306 STD Cev MILLREC MEAN

CCRRECTED TUTAL 244 27194.82617389 267088542 6¢.08567347

SGURCE OF TYPE 1 SS F VALUE PR > F OF TYPE 1V SS F VALUE PR >F

HGISTULRE 1 32.13654207 4.50 0.0350 1 10.55919132 l.48 0.2252

CHALR YK 1 1.031215178 C.l4 0,7043 1 4.5E37855° C.20 Ce 4043

IPPURETY 1 619.25821828 E6.74 0.0001 ) § 311.9%293627 43.70 0. 0001

CRACKK 1 38.38601488 5.38 0.0213 1 14,74422734 2.C7 C.1521

FERMEANTK 1 1e644413E5 0.22 0. 6317 1 5.806274066 G.82 C. 30658

DAMNAGEK 1 240200177 0.34 0.5625 3 4043479402 Ge62 Q4314

OTHERVAR 1 159.0729%045 22.28 C. 0001 1 171.8¢459398 24,C1 C. 0001

HARVE ST 1 90.13603830 12.62 0. 0005 i 45.15010195 6.89 G.0093

THRESH 1 18.33497557 2.57 0.1104 1 15.€€13103% 2.19 Ge 1400

NCTHHA 1 2.101054¢€9 G. 413 C. 5105 1 34.54439529 4.84 0.0248

EITH 1 13.08083223 1.83 0.1772 1 51.81368247 Te27 C.007s

MCETTH 1 26.18467620 .61 0. C567 1 42.30275361 5. 94 G.0156

E YTHF ERK 1 9.01670054 1.26 02623 1 10.77771405 1.51 C.220%

CLENINPU 1 51.G3812144 T.15 0.0080 1 5254323118 Te42 C.0070

THRHC RAK 1 35.716135¢€5 5.C0 0.0263 1 34.36C09896 T.61 0.0063

THRHBRTK 1 19.445706085 2.72 0.1002 1 15.323%005) 2015 Co1443

MCRACK 1 38.94423677 5e 4€ 0.C2C4 1 48.64217174 6.01 0.0097

THRHMC 1 22.48785863 3.15 0.0773 1 22.4E785863 3.15 0.07713
T FOR HOs PR > Tl ’ STD ERROR OF

PARAMETER ESTIMATL PARAMETER=O ESTIMATE

INTERCEPT 65. 92675849 20.75 0.0001 3.17660665

MCISTURE 0.16972588 le22 C.2252 0.13955647

ChALK YK 0.038102¢C9 0. 84 0.4042 0. 04560237

1FPURITY -0.83931655 -6.¢1 6.0001 0.12696191

CRACKEK =~0.21562174 -l.44 0.15¢1 0.15003757

FERMEMNIK 0. 16371894 0.51 043658 0.18060210

DAMAGFK -0.06393522 -0.79 0.4214 0.04111887

UTHER VAR -C. 20411277 -4.91 0.0001 0.04169020

HIRVEST 0.49228669 - 2.8 0.0093 Je1875424C

THRE SH 1.82845943 1l.48 0.1400 1223452322

MCTHHA 0.27991C82 2.20 0.C288 0.12124753

ETTH 0.00042556 2.70 0.0C7¢ J.00u15824

MODETTh ~643034087C-C5 ~2e b4 0.0156 0.00002587

ETTHFERPK ~6.1679573E-C5 -1.23 0.220% 0.00005020

CLENIYPU 0.13844C93 2.72 Q.CCTC 0.05083615

THRHCRAK -~0.10301272 -2.7¢ 0.CCL2 0,03733069

THRHBRUK - ~0400900545 =1.47 0.1442 0. J0F1406T4

MCRACK 0.01876CC3 2e€1 0.0097 9.00718696

THRHMC -02.10048294% -1.77 0.0772 C.U50H84106

€51~



APPENDIX TABLE D-5. RELATIONSHIP RFTWEEN MILL RECOVERY AND QTY-QLTY FACTORS IN DRYING

DEPENCENT VAP IABLES MILLREC

SOURCE
RCDEL
EPRUR

CORRECIED TNTAL

SOURCL

ROISTURE
CHALK YK
1PPURLTY
CRACKK
FERNFATK
UARAGFK
OTHERVAR
HARVEST
THRESH
MCTHHA
EVIH
HOETTH
EVTHF FRK
CLENINPY
TERICRAK
THRHBROK
MCRACK
THRHINC

PARAMETER

IKTEFCERT
MCISTURE
CHALRYKR
InPURITY
CRACKK

F ERMEATK
DAPAGEKX
O THER VAR
HARVEST
THRESH
ACTHHA
E1TH
MDETTH
ETTHF ERK
CLENINPY
THRHCRAK
TERHORTK
HCRACK
THRHNT,

DF
18
216
234

s

P s P uo b (i (b Pud (D DB pun a0 Gu5 Qb U0 Qus Bt

ESTINATE

67,87866407
O.108663C3

=0.12784919

-0,83015819%
-0.61003065
0. 29406393
-0.16387329
=0. 06964927
9, 15732558
1.99511302
0.109568C0
0.000127%7

«2.2406417E-0%
1.AS3T70S4E-CS

J.177%0234
3. 11253690
=0.02224431
0. 01431730
=0.11423104

SUN OF SWUARES

T799.94408318

1248.551299623
20408,%53%960C1

TYPE 1 §S

11.3059982%
08,571a53¢4
103,994312C4
14, 79817943
302.395115%8
25.2%619850
22.64661541
28.81929706
0. 97392449
0.320683 10
1743546315
3.338982%2
0.687409C8
45.,307924C1
57.,542993%0
$4,0039U5(Ca
9.81184620
30.%31761¢9

T FOR HO
PARARETER=O

26.17
0.56
=256
-3, 14
-3.57
2.47
~-1.41
-1e3¢
v. €3
1.70
G.08
o."
-U.
0.73
3.43
2.49
~3.C9
2.C%
-2,30

GFHERAL LINFAR RODELS PRUCEDURE

NEAM SQUARE F VALUE
44.4413306088 Te69
Se TOL%1804

F VALUE PR > F 213
1.96 0e 1634 1
11.86 G.0007 1
17.99 0.0u0l 1
2.5¢ 0. 1111 1
52,31 8.0001 1
4.37 0.0370 1
3.92 0. 0490 1
4.99 0.0265 1
0.17 0.6819 i
0.08 0. 8140 1
3.02 0.0839 1
0.%8 0. 4481 1
0.12 0.730% 1
T.87 0.00US5 1
10.30 Q. W1s 1
9.34 9.0025 1
1.70 0. 1940 1
5.28 0.0225 1
PR > ITI STD ERRUR OF

ESTIMATC
0.0001 2059378589
0.33€S O.11281002
d.4ull0 0+ 04986968
0.0002 0.16849338
0.0004 9.170490934
0.0142 0.11398364
0.1¢12 0.11658430
0.1822 V. U490541C
0.405%% 0.,10875194
v.uv08 1,11559330
0.3783 J. 12461052
0.3%44 ;00013745
0.3675 0. 00002493
04663 Y. 001302602
V.0C07 3. 05171422
v.0137 0,U8544191
0,023 Ve W0724004
U.0418 0.0UC699333
0.022% 0. 04973403

PRDOF
0.0C01

S10 CkvV
2040427079

TYPE IV 35

5036333046
37.851705118
80.05377786
13.645026181
35.3C€012332
11.42768220
10.25266502

4.01591774
16.6E111979

4.,30120080

4.91873743

471393924

3.€7835903
60010124379
32.7CAT436S
55,06041711
24,22001507
30.53178165

R-SQUARE
0.3904%3

c-'.
3.503%

NILLAEC REAN

F VALUE

0.9
6.57
13.97
12.74
611
1.98
1o 19
“0.89
z..’
v.le
0.06
0.02
..”
1lele
610
%953
.19
5,28

67.C9200000

Mmoo >F

0.3385
¢.0110
9.0002
0.0004
C.0142
0.1612
C. 1022
Ue40SS
€. 0908
G.370%
Ce 3544
0.3673
04663
G.0007
0.0137
g.u023
U.0410
0.0225

=-ys1~



APPBNDIX TABLE D-6. GRADE UF MILLED RICE IN THRESHING HY QTY-QLTY FACTGRS

GENERAL L INFAR MOOELS PROCEDURE
DEPENCENT VARIABLE: GRADE

SCURCE OoF SUM OF SGQUARES FEAN SCUARE F VALUC PR O F R=-SQUARE

MCDEL 14 37.66753214 2.69053801 10.64 0.0C01 0.3942C%

ERRGR - -229 57.RBST4ESS 0. 25277619 STD CEV

CCRRECIED TOTAL 243 $5.553278¢€9 0.5027¢E%2

SOURCE OF TYPE 1 SS F VALUE PR > F OF TYPE IV SS F VALUE

MCISTUKE 1 3.42547629 13.57 0.0003 1 4.848069268 19.18

FERMERTK 1 C.S6C495E7 3.80 0.052% 1 0.95590985 3.54

HANDLE 1 0.66095947 2.61 0.1073 1 C.55078298 3.76

CLEAN - - 1 $5.782021173 22.81 G.0001 1 0,.,39917882 1.53

REGICN™ . 1 22.67012961 665 .C.0001 1 19.64244972 17.51

MCHVHA- -~ 1 0.91370172 3.61 0.0585 1 C.01145474 0.05

EThV 1 0.00237621 0.01 C. 5228 1 0.90325341 3.57

ETIH <. 1 0.05132610 0.20 G 65217 1 0.3C526568$ 1.21

MATUREI Y 1 1.00£53577 3.98 0.0472 1 0.5768555CS 3.87

ETHVTH . 1 0.55C77959 2.18 Uv.1413 1 0.76C47881 3,01

MDETHV - 1 00352645341 1.39 C.2389 1 0.3807475% 1.51

HANDNMC. 1 1.071835640 4.24 C. 0406 1 G«50022996 3.56

HANDF ERK 1 0.016522175 G.07 0.7984 1 0.02417945 c.10

ETTHFERK 1 0.19841€51 C.78 0.3766 1 0.19841651 0.78
: " FOR HO: PR > |TI STD ERROR OF

PARAMEJER SESTIMATE PARAMETER=0 ESTIMATE

INTERCEPT 0.32672814 0.45 0.6523 0.726417971

MOI STYeE 0.07732041 4.29 0.0001 0.01765541

¢ ERNERTK 0.084111¢9 1.8 0.0483 0004237546

HANDLE -0.73764189 -1.94 0.G537 0. 28034083

CLEAH ~0, 046€4526 -1. 206 0.,2102 0.03712180

REGION -C. 77816618 -8.82 0.ccol 0.C8827546

MDHVHA -0. 0054055 -0.21 0.8313 0.02535353

ETHY -J.00012130 ~1,.€9 0.6600 0.00006417

EITH ~2.70033E5E-05 -l.l0 0.273C 0.00002457

MATURITY 0.0101755% 1.97 0.0503 0.00517292

ETHVTH 1.6406115%~-C8 1.73 0.G842 0.00000001

MCETHV 9, 7822314E--C6 1.23 0.2215 0.00060797

HANDMC 0.033059:% 1.89 0.0£04 0.01751799

HANDF ERK . 0.00837004 0.21 0.7574 0.027062179

EVTHF ERK ~B,4129828E-06 -J,. 89 0.37¢6¢ 0. 00000950

CeVe
26,7267
CRACE MEAN
1. 88114754

PR > F

G.0001
C. 0483
G.0537
C.2102
0.0001
C.08313
C.0¢00
C.2730
C.0503
0.00842
C.2210
0.0604
C.757¢
C.3766

-GSI-
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APPENDIX TARLE D-7. GRADE OF MILLED RICE IN DRYING BY QTY-QLTY FACTORS

GTNERAL LINEAR MOBELS PADLEFSME
DEPENNENT VAPISLES GRADE

SURCE oF SUN OF SQUARES NEAN SQUARE P YMUE md ¥ A-suaRE Co¥e

WoEL 10 52, 50029930 1.029342% “.I13 8.0001 319109 22.4919

L L [ ] 212 3. 78031 T 9. 10744020 ste sty GADE REAN

CUBRECTFD TuTaL 242 94,60000047 .43311013 1.9239299)

SAURCL o wre § 3 b Tvee v 13 MmO F

nCistunt ] T.800882089 ] 2.130013%0

CAM KR 1 0.1223620% 1 9483033

CEPNENTA 1 637004484 1 4903933

HARVE §T 1 I‘l.!lht!ﬂ ]

AT 1 00u00 727 1

THRESN 1 I.O!ll”!t 1

oRY 1 9.439342%4 1

REGTON 1 12,3t 0 3

NAHYNS 1 1.89309981 1

WOTHHA 1 0.9050%782 )

ANORITA 1 49,3000 %88 1 0.20912043

ENN 1 0.09927394 1 0.312%0116 3. 08

ETTH 1 G. 0211377 1 1.31471840 9.07

CTOR [ 0.40884424 3 1.97751977 19.54

LCCGF 1 0.31561793 1 0.535200490 3. 16

NATUPUTY 1 1.99314340 1 1.3304298) 1,09

NCRACK 1 0.014099T1 1 C.83097802 .00

MCFRRENT 1 ol2l244) 1 0.93310006 498

ETNVIN 1 63584897 1 134 12.34

clwor 1 1.03103882 * 1 1.74384407 9.2% -

NOETHY 1 2. 91177094} 1 2.717192000 14.48

NOETIN 1 0.5284001 1 0.61677392 J. 20

HatwnC 1 1.62491091 1 2.23332917 1.9

Houne 1 f.n8e02143 1 2.22420630 11.03

WAKVITPY. [ 0.065099 04 1 l.unnu 3.

FINVIIOR 1 0.64920402 1 3.3%

WP YRR 1 93104402 1 6.92

THOUCK &k 1 Q. ¢ 5163419 1 .71

SIANNCE AR 1 1.1810201 1 1.0

PRYCE A% 1 1.50494414 e.02 e.8022 1 .82
T FF 1#O3 [ 1] ] STD (PRNR OF

PAPANL TEF ESTINATE PAPANETER=0 FSTIMATE

INTERCTFT -0.751239%4 -1.14 0,29%% 0, 65049286

POISTUPE 1.09234711 3.37 Q.0009 0.8133v492

[LL.2.14 =0,03306043 ~-l.€2 9.3103 9.032%1000

TEFRRENTR 8, 04991447 0.5 Q.6087 0.0974391 %

naave st e 1093443 % 9. 008A

HaANOLE =1:04011566 ~3. 15 0.0002

TIMRESH a,093841%0 .64 0.1690 o.osuzm

nay 2. 00631087 1.89 Q.01 e.0310113¢

asglim -0, 69172037 -8, 30 2.8081 0.13038%00

nOnYHA -1.234213932 ~t.9 0.0372 0.82203%47

|WTHMA 0,08321000 Ce 13 Q.0974 Q.02492620

HODPHN 1.05119647 2180 0.402914)9

LTy =fe03 O0.000079%

(341 ~2.04 0.9800% 714

rioe 3.2% 0.90004872

LCoGF t.72

RATUR.(TY .48

RLRACK 2.28

NCFRNTNY 2.3

ETHYTH 3.9

TV IR ~3.08

NDETHY 3.0

nREET.. -1.01

Hy ynt ~3.49

. ANOC c.ounlu 1.4

HARVF PR -0, 04901963 -2.32

FRIVFEPR -2.2493%3612-03 -1.03

CRYPFPR -8. 03720403 =2.63

THRME P ax =0, 02047426 =239

NANSCPAK e.01T788302 339

SRR RAL 7.61243507 3.0 $.00414497

-9G1~
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APPENDIX E

STANDARD GRADE REQUIREMENTS FOR PHILIPPINE MILLED RICE
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Appendix Table E. Standard grade requirements for Philippine milled rice

It;mn Eégn;i:m Grzl'fde : Grgde ._Grgde
Per Cent
Head Rice 95 Min. 85 Min. 75 Min. 65 Min.
Brokens 4 Max. . 12 Max. 20 Max. 28 Max.
Brewer 1 Max. 3 Max. 5 Max. 7 Max.
Yellow and damaged | 0.5 Max. 1 Max. 2 Max. 4 Max.
Chalky and immature 2 Max, 4 Max. 6 Max. 8 Max.
Paddy (no./100 gm) none 1 Max. 2 Max. 3 Max.
Other varieties 2 Max. 4 Max. 6 Max. 8 Max.
Red Rice ) ~ none 0.5 Max. 1.0 Max. 1.5 Max,
Foreigﬁlmatter none 0.25 Max. 0.5 Max. 1 Max.

Moisture Content Not greater than l4 per cent
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APPENDIX F

'PROJECTED CASH FLOW AND COMPARATIVE RATES OF RETURN
FOR ALTERNATIVE RICE POSTHARVEST SYSTEMS



A LISTING OF THE DATA
1135%5302 0.0

YEAR

N om0 (o g Pt o G Gt G put P
°-OO-‘O\IOQHN-°d3"i°\l§\ﬂ~!-°

INVESTHNENT

9112,
0.
n,
Je
O.
0.
32089,
0.
4972.
0.
0.

QUTLAY B8 A § €
—————ALIEBNAIE __BASS_

920.
0.
0.

10.
0.
100.

COMPARAT IVE RETURNS BETHEEN A} YERNATIVE
POSTHARVEST TECHNOLOGIES IN CENTRAL L ‘IGN,PHILIPPINES
AL T ERN-ATI

.LABUB__ BEPAIRS_ . __LOSS.

0.
4130.
4130,
4130.
4130.
4130.
4130.
%1230,
4130,
4130.
4130.
4130.
4130.
4130,
4130.
41320,
4130.
4130.
4$130.
4130.

0.

C A S E
o. o.
46, 4465,
46. 4469,
4£6. 4465,
LY -8 4465.
46.  4455.
464 4465,
46, 4465,
LY-Y8 4465,
46. £465.
46, 4465,
46. 4465.
46. 44865,
46, 4465,
46. 4485,
46, 4465,
46, 4455,
46. 4465,
4be 4465,
46, . 44065,
° 0.

-LABUB__

0.
1078.
1078.
10T,
1078.
1078.
1078.
1078.
1078.
1a78.
1078.
1078.
1078.
1078.
1078.
1018.
1078.

10178.

1078.
1078.
0.

BERAIRS. _.LOSS__

[1 ]9
91l.
911.
?211.
91l.
9ll.
9!‘ ‘v
91t.
91i.
?11.
91l1.
%1il.
911,
911.
911.
911.
911.
91l.
911l.
911.

Oe

0.
1406.
1406.
1406,
1206,
1406.
1406,
1406.
1406.
1406,
1406.
1..06,
1406,
1406.
1406.
1406.
1406,
1406.
1406.
1406.

0.

‘v E € A S E
-—EUEL__ BREBIUN.

0.
2054,
2054,
2034,
20354,
2054,
W4,
2uSh,
2054,
20354,
2054,
L4,
202 %V,
2054,
2034,
2054,
2054,
2054,
2054.
2054,

Qe

0.
-162%.
-162!.
-1¢25.
-1625.
-1¢25.
-1623.
~1825.
-1629%.
-1625.
“62’.

-1625.
-1625.
~-1623.
’l 625.
-1825.
~1629%.
-1623.

0.

~091-



INVESTHENT FEASEBILITY ANALYSIES

CGHPARATIVE RETURNS BETMEEN ALTERNATIVE
POSTHARVEST TECHNOLOGEES IN CENTRAL LUZON,PHELIPPIAES

COMPARATIVE RETURN ON TOTAL CAPETAL __36423%_ PERCENY

' . PRESENT
—PERLIDD. _  ___COHRABAILYE OUILAY (P/1QOMI_)._. —-COMRABAIIVE COST22_SBZ2O00BI_)__ VALUE ~~—-BBESENT_MALUES ___
-N0a_ J0ENY. ALIERUATIVE _BASE_CASE DIEEEBEN ™ BASE_CASE_ ALIEBMAIIYE DIEEEREHLE -EACILE ~OLILAY ~SAVINGS
0 9112. 920. 8192. 0. 0. a. 1.0000 a19a. a.
1 0. C. 0. 8641. 3824, 4817. 0.64C0 0. 30813.
2 0. 0. 0. 8641. 3824, 4817, 0.40%96 0. 1973.
3 0. 0. -10. 8641, 30824, 4817. 0.2621 -3. 1263,
4 0. 0. 0. 8641, 3824. 48117. 0.1670 0. 808.
3 0. 100. -100. 8441, 3824, 4817. 0.1004 -11. 517.
6 3289. to. 32719. 8641. 3824. 4617. 0.0687 225. 33l.
7 0. 0. 0. 8641, 3824. 4817. 0.0440 0. 212,
8 4972, 0. 4912, 8641. 3824. 48117. 0.0281 140. 136.
9 0. 10. b LY 6641. 3824, 43!1. 0.0100 -0. "o
10 0. 100. ‘1000 864‘0 332‘. §al1o 0.01 15 ’lo 56.
11 0. 0. 0. 8641. 3824. 4817. 0.0074 0. 36.
12 3289. L0, 32719, 864l. 3024. 4817. . 0.0047 15, 23.
13 0. 0. 0. 8641. 3824. 4817. 0.0030 Q. . 1S.
14 0. 0. Cs 8641. 3824, 4817. 0.001% 0. 9.
15 0. 920. -920. 8641. 3824. 4817. 0.0012 ~1. 6.
16 4972, 0. 4972, 8641. 3824. 4017. 0.00C8 G 4,
17 0. 0. 0. 8641. 3824, 40817, 0.0005 0. 2¢
18 3209. 10. 3279. 8641. 3824. 4817. g.0003 1. 2.
19 0. 0. n, 8641, 3024, 4817. 0.00C2 0. 1.
20 ——ca8a. ___=553.. ___=4998._ 0. Oa Qe 0.00_0[ =l . 0a
TOTAL 23382. -1547. 21835, 1641179, 72656, 91523, 856l. 8se6l.
INTEREST COMPARATIVE PRESENI_YALUE_ 1N _PZ10CMI_
REB_CENI B8AX10 SAYINGS ~OUILAY B1CEEBENCE
5.000 3.427 58213, 16989. 42285
8.000 3.078 46261. 15029. 31232,
12.000 2697 354061, 1315%5. 22325,
25.000 1.867 18990. 10170, 8820.
30.000 1. 654 15941. 9642. €305.
35.000 1.479 1371117, 921715. 4442,

SSEXCLUDING OEPRECIATIGN, INTEREST, ANMD INCOME TAX

ALTERNATIVE:

MECHANIZED SYSTEM INVOLVING THE AXIAL-FLOW THRESHER AND TWIN-BED BATCH DRYER COMPARED WITH THE BASE CASE WHICH IS THE

TRADIVIONAL SYSTEH OF THRESHING USING THE FRAMEIHAKPASAN) ( WINNOWING BASKET(BILAO) FUR CLEANENG AND DRYING PADDY UNB. R YHE SUN.

~-191-



A LISTING OF THE
11355302

YEAR

INVESTHENT

—————ALIERHAIE

OGO VIPUWN=O

4424q.
J.
a

O.
0.
32609.
o.
.

0. -

a.

O.
3289.
0.

0.
8l0.
0.

0.
3289.
U.

CATA
0.0

GUTLAY B A S E

920.
0.
O.
10.
0.
100.
10,
0.
0.
10.
100.
0.
10.
0.
Q.

920,
0.
0,

1G.
0.
-543.

0.
4130.
4130.
4130.
4130.

. 4130,

4130.
4130,
4130.
4130.
4130.
4130.
4130.
4130,
4130.
4130,
4130.
41 30.
4130,
4130,

O.

POSTHARVEST TECHNOLOGIES [N CENTRAL LUZON,PHILIPP INES

COMPARAT IVE RETURNS BEVWEEN ALTERNATIVE

E R N A T 1

C A S E A L 1
__BASE.. _*ABOBR_. REPAIBS. ___LCSS_ _LADOBR__ BERAIBS.
0. 0. 0. O.
* &4be 4465, 1358, 402.
&6, 4465. 1358. {02.
46. 44065, 1358, 402.
46. 4465, ~13548. 402.
46. 4465. 1358. 402.
46. 4465. 1358, 402.
46, 4465, 1358. 402.
A6, 4465, 1358. 402.
46. 4465. 1358. 402.
46. 4465, 1358. 402.
46, 4465, 1358. 402.
46, 4465. 1358. 502,
46. 4465, 1358. %02»
46, 4465, 1358. 402.
46. 4465, 1358. 402.
Abe “656 l358. 402,
46, 44485, 1358. 402.
460 44¢€5. 1358. 402.
46. 4465, 1358. 402.
o. 0. 0. 0.

--LOsS__

0.
2147,
2141.
2147,
2147.
2147,
214l.
2147,
2147,
2147,
2847,
2147,
2147,
2147,
2147,
2147.
2141.
2147,
2147.
2147.

0.

vV E C A S E
-—EUEL.. BREMILD_

d.
437,
4317.
«57.
45%.
451%.
437.
457.

457,

451.
457.
457.
437.
457,
45'.
437.
451,
457.
457,
457.

Oe

Qe

O.
0.
0.

=291~



INVESTMHENT FEASEBILITY ANALYSIS

CCHPARATIVE RETURNS BETWEEN ALTERNATIVE
POSTHARVEST TECHNOLOGIES IN CENVRAL LUZON,PHILIPPIAES

COMPARATIVE RETUPN DN TOTAL CAPETAL _121.0482. PERCENY

PRESEMY
—-PERIOD _ ___LOMPABAILNE OUILAY (PZLOOBYI_L__ —--CGCURABALTIYE_COSI¢2_LEZ100MI_ ). _ VALUE —ae-BBESENI_YALUES ..
_H0.. 10ENT. ALIERMAXIIVE _BASE CASE DIEEERENCE BASE_EASE- ALTESNATIVE DIEEEREHCE -EACIDR ~DLELAY_ -SAYLNGS
0 44298, 920. 3508. 0. 1.0000 3508. .
1 0. 0. 0. 8661. 4364, 627?- 0.4524 ) 0. 1935.
2 0. 0. 0. 86418, 4364. 42117, 0.2047 0. a1s.
3 0. 10. ~10. 8641.° 4364, 4277, 0.0926 -1. 396.
4 G. 0. 0. 8641, 4364, 4277. 0.0415 e. 179.
S 0. 100. -100- 8641, 43064, 421’. 0.0190 -2¢ a‘o .
6 3289. 10. 3279. 8641. 4364. 4277. 0.0086 28. 37.
7 0. 0. 0. 8641, 4364, 4277. 0.0039 0. 1T.
8 0. 0. 0. 8641. 4364, 42117, c.0018 0. 8.
9 0. 10. -10. 8641, 23464, 4277. 0.0008 -0 3.
10 0. 100, -100. 0641. 43064, 4277. 0.0004 -0. 2.
11 De 0. 0. 8641, 4364. 42717. 0.0002 0. 1.
12 3289. 10. 3219, 86%1. 4364, 4271, 0.0001 0. Q.
13 0. 0. 0. 864l. 4364, 4277. 0.00C0 O. 0.
14 0. 0. O. R64). 4364, 4277. 0.0000 . Ce
13 810. 920. -110. 8641. 4364, 42711, 0.0000 -0. 0.
16 0. 0. 0. 8641. 4364. 421717. 0.0000 0. G.
17 O. 0. 0. 864l. 4364. 42717, 0.0000 0. 0.
18 3209. 0. 3279. 8641. 4364, 4277. 0.00C0 0. Q.
19 0. 0. 0. 8641. &£364, 4277. 0.0000 (' Y 0.
20 ez 2Q2be. o _=583.. __.=2533._ - 0a Q- Q. 0.0000 =0. Q.
TOTAL 120253 -1547. 10482, 164179. 829156, 81263, 3533. 3533.
INVERESY COMPARATIVE PBESENI_YALUE_IM_PZ1OCMI.
EER_CENI BAX10 SAYINGS -DUILAY DIEEERENCE
5. 000 6.477 516089. 7981. 43708.
8.000 5.8715 41075, 6992. 34083.
12.000 5.203 31%03. 6055, 25448,
2%.000 3.690 16861. 456%. 12293,
30.000 3.291 14159. 4302, 9857.
35.000 2.96C 121719. 4114, 8065.

-t£91-

**EXCLUDING DEPREC IATION, INVEREST, AND IMCOHE VAX

ALTERRATIVE:
AXIAL—FLOW THRESHING COMBINED M ITH SUN-DRYING COMPARED WITH THE BASE CASE WHICH IS THE TRADITIONAL SYSTEM OF THRESHING USING
THE FRAME(IAMPASAN) ;WINNDWING BASKET(BILAD) FOR CLEANING AND DRYING PADOY UHDER THE SUN.



A LISTING OF THE DATA
11355402 0.0

YEAR

INVESTMENT

e—w—we—-ALIEBNAIE

OO tm0 gue b gut (N0 g pue PuS pue Pu8
COONOCMIWNBOLBNOVIUN=O

5604,
M ¢ Y
0.
10.
0.
160.
10.
0.
4792.
10.
100.
0.
10.
0.

0.
110.
4972.
G.
10.
0.
'3008.

QUTLAY B A S E

--BASE__

920.
G.
0.
10.
0.
100.
10.
[+
Q.
10.

100.

10.

COMPARAT IVE REVURNS BETHEEN ALTERNATIVE
FOSTHARVESY TECINOLOGIES IN CENTRAL LUZON,PHILIPPINES
v E C A § E

-LABDB__ REPAIBRS_ . _LESS_

0.
4130,
4130.
4130.
4130.
4130.
41130.
4130.
4130.
4130,
4130,
4120.
41130.
4130.
4130,
4130.
4130.
4130,
4130.
4130.

0.

C A S E
0. Ce
46. 4465,
46. 44¢€5,
46. 4485,
46. 4465,
46. €465,
46. 4465,
46. 44¢5.
46. 4465,
46, 4465.
%6. 44683,
46. 4455,
46. 44¢5.
46. 44¢5.,
46, 4465,
46. 44¢5.
46. 4465,
46. 4565,
46. 4465.
46, 4465,
0. a.

AL T ER N AT I
-LABOR__ BERAIBS- .._LCS5..
o. o. o.
3850. 554« 3724,
3550. 554. 3724,
3850. 554. 3724,
3850. 554. 3724.
3850. 554. 3724,
3850. 554. 3724,
3850. 554, 3724.
3850. 554. 3724.
3850. 55%. 3724,
3850. 554. 3724.
3a850. S54. 3724.
3850. 5%4. 3724.
3650. 554. 3724.
3850. 554, 3724,
3850. 554. 3724,
3850. 554, 3724,
3850. 554. 3724,
3850. 554. 372%.
3850. 554, 3724.
c. 0. 0.

~-EVEL__ PEEBIUB_

0.
1567,
1557,
15%1.
1597.
1597.
1567.
1557.
15§81,
1597.
1597,
1597.
1597.
1597.
1597.
1591,
1587,
1597,
155..
1567,

0.

-1¢e28.

-1¢25.
-1€25.
-1£25.
-1 €25.
-1€25.
-1625.
-1625.
—1625-
-1€25.
-1€25.
-1625-
-1€25.
-1€2%.
-1125.
-1625.
-1€25.
-2825.
'1625-

0.

-991-



INVESTHMENT

CCMPARATIVE RETURNS BEVHEEN ALTERNATIVE
POSTHARVEST TECHNOLOGIES IN CENVRAL LUZON,PHILIPPIMNES

—-=Lafi)8_ PERCENY

FEASIBILETY ANALYSIS

COMPARATIVE RETURN ON TOTAL CAPITAL

PRESEM
~—LEBLOD —CLMPASATIVE OUTLAY_LBZI0OHL.)__ - _COMPABATINE ZuSYee _(P/100MI_A._ VALUE =ee-PRESENI_YALUES .
“80.. IDENI. ALIERMAIIYE _BASE_CASE DIEEERENCE DASE_LAZE. ALJEZLAYIVE DIEEERENCE ~EACILE ~CLILAY. ~SAYINES
0 5504. s20. 46B4. 0. 0. C. 1.60C0 4684. Q.
 } 0. 0. O. 8641. 8100. S41. 1.01¢4 0. 550,
2 0. 0. 0. a64l. 8190, S41. 1.0322 0. - 959
3 10. 10. 0. 8641. 8100. S4l. 1.0501 0. 68e
4 G. 0. 0. 8&41. 8100. S4l. 1.0614 0. 31
S 100. 100. Q. 8641. 8100. S4l. 1.0820 0. 5687.
) 10. 10. 0. 8641. 8160. S41. 1.10¢8 0. 591%.
7 0. 9. 0. 8641. 8100. S41. l.12L9 0. 60¢.
8 47192. 0. 4792, 8641, 8100. Ssl. 1.139% 5460. 61¢.
9 10. 10. 0. 8641. 8100. S4l. 1.15¢81 0. 621.
10 100, 100. Q. 8641l. 8100. S4l. 1.117N 0. 6317,
11 G. 0. a. 6641, 8100. 541. 1.19¢5 O. 641.
12 10. 10. 0. 8641. 8100. S41. 1.21€2 0. 658.
13 0. 0. 0. 8641. 8100. 541. 1.2382 0. 66S.
14 0. 0. g. 8641 . 8100. 541. 1.25¢3 0. 680.
15 110. 920, -810. 8641, 8100. 541. 1.217 -~1034. 691.
16 4972, Q. 49172. 8641. 8100, S4l. 1.2981 6454, T702.
17 0. 0. 0. 8641. 8100. S4l. 1.3158 0. T14.
18 10. 10. 0. 8641. 810G, 541. 1.3412 C. T28.
19 0. 0. 0. 8641, 8100. S4l. 1.3622 0. 134,
20 ———=3000a_ =553a.. =24635a... - Qa. SR PSR | P 1.38%6 S [ 3 U T———— Qa.
TOTAL 12720, -1547. 11173, 164179. 153900. 10279. 12148, 12144,
INTEREST COMPARATEVE PRESEMI_YALUE_ 1D _PZLOCEL
eER_CENY 8AIlQ SAVINGS ~QUILA) DIEEERENCE
5.000 0.736 6538. 8886, - 2348,
8.000 0. 654 5196. 7940. -2744.
12.000 0.567 3985, j027. -2042.
25.000 0.382 2133. 5571, =3436.
35.000 0.299 1541. S144. -2604.

———

$9EXCLUDING DEPRECIATICN, INTEREST, AND UTNCONE TAX

ALVERNATIVE:

TRADI TIONAL THRESHI

NG AND CLEANING COMBINED WITH BAT
THRESHING USING THE FRAMELHAMPAS AN} ,W1NNOM ING BASKET(DBILA

Cil DRYING COMPARED WITH THE BASE CASE WHICH IS TkE VTRADLVICNAL SYSTEM OF
C)} FOR CLEANING AND DRYING PACCY ULNDER THE SUN.

-G91-



A LISTING OF THE CATA

11255302 0.0
COMPARATIVE RETURNS BETWEEN ALTERNAT IVE
POSTHARVEST TECHNOLOGIES IN BICOL REGION, PHILIPPINES
YEAR [INVESTMENT OUTLAY B8 A S5 E C A S E A LTI ER N AT I VE €C A S E
———_ALTEBNAIE __BASE__ _LACOR _ BEPAIRS_ —_L0SS_ _LABDR__. BERAIRS. __L0OSS__ __EUEL__ PREMIUN.

(1] 11276, 2292. 0. 0. C. 0. 0. 0. 0. g.
i G. 0. T24G. 118, 3246, 1640. 1128. 837. 2940. -1625.
2 0. 0. 7240, 115. 324¢. 1640. 1128. 837. 2940. -1625.
3 0. %l. 7240. 115. 3246, 1640. 1128, 8371. 2940, -1¢25.
4 0. 0. T1240. 115. 3246. 1640, 1128- .310 29‘00 -1625-
] e. s8l. T240. 115. 3246. 1640. 1128. 87, 2940. ~-1625.
& 3363. 91. T240. 115. 3246 1640. 1128. 837. 2940, -1629.
7 0. 0. 7240, 115. 324¢. 1640. 1128. 837. 2940. -162%.
8 60856, 0. 12‘0. ll’o 3246, ‘6‘00 llZB. 031. 2940. -16250
9 0. 91. 7240, 115. 3246, 1640. 11208. 837, 2940. -1625.
10 0. 581. 7240, 115. 3246. 1640. 1128. 837. © 2940. ~-1¢25.
11 g. 0. 7240, 115. 3246. 1640. 1128, a37. 2940, -1625.
12 3363. 91. 7240, 115. 3246. 1640. 1128, 83t. 2940, ~-162%.
13 [+ 18 O. T1240. 115. 3246. 1640. 1128. 837. 2940. -1£&25.
14 O 0. 7240. 115. 3246. 1640, 1128. 837. 2940. -1625.
13 0. 2292.. 7240, i15. 3246, 1640. 1128. 83t. 2940, -1€25%.
16 6856, 0. 7240, 118, 3246. 1640. 1128. 837. 2940. -1625.
11 0. Oe 12‘0. 115. 3246, 1640, 1126. 837. 2940, -leSo
18 3363, 9?21. T240. 115. 3246. 1640. 1128. 837. 2940, -1425.
19 0. 0. 7240, 115 3246, 1640, 1126. 837. 2940, -162%.

20 ~-6738. -1085. Oe 0. 0. 0. O. 0. 0. 0.

-991-



INVESTMHENTYT FEASIBILITY ANALYSIES

COMPARATI VE RETURNS BETMEEN ALTERNATIVE
POSTHARVEST VECUHNOLOGIES IN BICOL REGION,PHILIPPINES

COMPARAYT IVE RETURN ON TOTAL CAPITAL __01.515_ PERCENY

PRESEMNT

———PEBIND _ ___COMPABATIME OUTLAY (PZ10ONI_)__ —-CGHPARAYIVE COSIt2 (PZAOGOMI __ VALUE ~--PRESENL_MALUES .__.
_b0._ 1DENY. ALICBNAIIVE _BASE_CASE DIEEEBENCE BASE_CASE. ALYERKATIYE DIEFEERENCE ~ELLILA ~OuiLAY. ~SAYINGS
(1] ’ 1127¢6. 2292. 8984. 0. 0. 0. 1.00CC 8984, (+18
1 0. 0. 0. 10601. 4920, 5681. 0.61%3 0. 3520.
2 0. 0. 0. 10601. 4920- 5681. G.3830 0. 2180.
3 0. %l. ~91. 10601. 4920, 5681. 0.2378 -22. 1351,
4 0. 0. 0. 10601. 4920. 5681. 0.1473 O. 837.
] 0. 581. -581. 10601. 4920, 5681. 0.0913 =53, S18.
[ ] 3363, 91. 3272, 10601. 4920. S681. 0.0565 185. 321.
7 g. 0. 0. 10601. 4920. 5681. 0.0350 0. 199.
8 80856, 0. 6856, 10601. 4920. 5681. 0.9217 149. 123.
9 0. 91i. -91. 10601. 4920. 5681. 0.0134 -le T6.
10 0. 581, -581. 10601, 4920. 5681. 6.0C83 -5, 47.
11 0. 0. 0. 10601, 4920. 5601, 0.00852 0. 29.
12 3363, 91. a27a2. 10601. 4920. 5681. 0.0022 10. 18.
13 0. 0. 0. 10601. 4920. 5681, 0.6020 0. 11,
14 119 0. 0. 10001. 4920. 5681. 6.0012 0. T.
15 o. 2292. -2292. 106010 *920. 5601. 0.00CD -2a 4,
16 6856, 0. 6856. 10601. 4%520. 5681. 0.0003 3. 3.
17 (1 9 (1 78 0. 10601. 4920. 5681. 0,0003 0. 2.
32 3363, 91. 3272. 10601. 4920. 5681. 0.0002 1. 1.
19 0. Q. 0. 10601, 4920. 5681. 0. 0001 O. 1e
20 61384 ——=1€85.. . _=06353.. fa. ) P —ao 0,0001 =0a. La
10VAL 28339, -5116. 23223, 201419. 93480. 107939. 9249. 9249.

INVEREST COMPARATIVE RBESEMI_VALUE_IN _BZ10C0MY.

BE8_CEN] BALID SAYINSGS ~OUILAY DIEEERENCE

5.000 3.771 68657, 18206. 50451,

8. 000 3.578 54558. 16152. 38406.

12.000 2.952 41843, 14175. 27670.

25.000 2.034 22397, 11011. 11385.

30. 000 1.799 1es07. 10452, 6353,

35,000 1. 607 161177, 10065. 6l12.

*SEXCLUDING DEPRECIATION, INTEREST, AND INCOME TAX

ALTERNATIVE:

MECHANI ZED SYSTEM INVOLVING THE AXIAL-FLOW THRESHER AND TWIN-
TRADIV IONAL SVSTEN OF THRESHING USING THE FLAIL/STICK, WOODEN WINNOWER (HUNGKOY) FOR CLEAMNG

BED BATCH DRYER COMPARED M1TH THE BASE CASE WHICH IS THE
AND DRYING PALODY UNDER THE SUN.
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A LISTING OF THE
11335302

YEAR

INVESTMENT

————-ALIEBNAIE

[N
~CODNOVMIWN=O

) 0ut gus put D00 pus Pub put G0
OO~ VEWN

5320.
0.
0.
0.
0.
0.
3363.
0.

CATA
0.9

OQUTLAY 8 A S E

~BASE__

2292,
0.

0.
91.
U
s81.
91.
0.

0.
9l.
$81.
('
91,
0.

0.
2292.
0.

Q.
91.
0.
-1085.

9.
T1240.
7240.
71240,
7240.
1240.
1240.
T7240.
7240.
T240.
1240,
1240.
7240.
7240,
7240,
7240,
© T240.
7240.
7240,
T240.

COMPARATIVE RETURNS BETMEEN ALTERNATIVE
POSTHARVEST TECHNCLOGIES IN B1COL REGION,PHILIPPIYES

C A S E AL T ERNAT 1L V E « A S E
_LABUR__ BEPAIES_ ___LOSS. _LABUB.. RERLIRS. __LOSS_. __EWF.__ PREMILN.
0. a. 0. 0. 0. g. G.
115. 3246. 2356. - 451. 16U0. 645. O.
iiS5. 3246. 2356. 451. 1600. 645, 0.
115. 3246, 2356. 431. 1600. 64S. 0.
115. 3246. 2356, 451. 1&00. 64S. 0.
115. 3246. 2386. 45]. 1600, 645, Q.
115. 3246. 2356. 451. 1600. 645. 0.
115, 324¢. 235¢, 4S51. 1600. 643, 0.
115. 3246, 2356. 451. 1600. 643, 0.
115. 324¢. 2356, 451. 1600. 645. 0.
115. 3246, 2356. 451. 1600. 645, 0.
115. 3246. 2356. 451. 1600, 645. 0.
115. 3246. 2356. 451. 1600. 645, Q.
115. 3248, 235%6. 451. 1600. 645. 0.
115. 3246. 2356, 4951. 1600. 6493, 0.
i15. 3246, 2356, 451. 1600. 643%. 0.
115. 3246, 2356, 4351. 1600. 64S. Q.
115. 3246, 2356. 451. 1600. 645, 0.
115. 3246¢ 2356, 451, 1600. 645, 0.
11S8. 3246, 2356, 451. 1600. 645, 0.
0. 0. 0. 0. Qe a. 0.

-891-



PRESEM
—_PEBIUD__ ___COMPABATLIYE QUILAY_{P/10QHL ). __ ——_COMPABALIVE COSIte (PZ1QOMI L. _ VALUE e PBESENI _YALUES .
“HO._ IDEMY. ALIEBNALIVE _BASE_CASE DAFEERENCE BASE_CASE._ ALIEBMAILINE DIEEEBENCE -EACILS ~CUILAY. ~SAYLNGS
0 £320. 2292. 3028. 0. 0. O. 1.0000 3020, G.
1 (119 0. 0. 10601, 5052, 5549, 0.3%30 0. 1959,
2 0. 0. 0. 10601, 5052. 5549. 0. 124¢ 0. 691,
3 0. 91. -91. 10601. 5052. 5549. 0.0%440 ~&e 244,
4 0. 0. 0. 10601. 5052, 5549, 0.015% (1 1 86,
S 0. 581. ~-581. 10601. 5052. 5549. 0.00%5 =3e 3C.
6 3363. 91. 3212, 10601. 5052. 5549. ¢.0019 6. 11.
7 G. 0. 0. 10601. .5052. 5549. 0.00C7 0. 4.
8 0. 0. Oe 10601. 5052, 5549. 0.0002 0. | §Y
9 0. 91. -91. 10601. 5052. 5549. 0.00G1 -0, a.
10 0. 581. -581. 10601, 5052. 3549, 0.00C0 =0 O
11 0. 0. 0. 10601. S052. 59549, C.00%0 0. 0.
12 3363, 9l. 272. 10601. 5052, 5549. 0.00G0 0. 0.
13 0. O. 0. 10601. 5052. 5549. 0.0000 0. O.
14 0. 0. 0. 10601, 5052, 5549, 0.00C0 0. 0.
15 1620. 2292, -672. 10601. 5052. 5549. 0.0000 -0 O
16 0. 0. 0. 1060C1. 3052, 5549. 0.0000 0. 0.
17 0. 0. - O 10601, 5052. 5549, 0.00C0 Q. Ce
18 3363, 91. 3272. 106C1. 5052. 5549. 0.00C0 0. O.
19 0. 0. 0. 10501, 5052, 5549. g9.60C0 O GC.
20 —ee=36185a. -~.-=10BS.. ___=2390a. SRR | P 1 P Oa- 0.00G0 S | PON— ' Py,
TOTAL 133546, + =51l6e. 8238. 201415. 95988. 105431, 3027. 30217,
INTEREST COMPARAT IVE PRESEMY _YALUE_IN PZ1OCNE.
RER_CENIX RAILD SAVINGS -OUILAY DIEEEBENCE
12.000 8.265 40873, 4945, 3%927.
25.000 5. 150 21876, 3804. ieor2.
30.000 5.103 1e3to. 3600, 14770,
35,000 4,571 15801. 3457. 12345,

L NVESTHENY

FEASIBILITY

ANLLY

CGHPARATIVE RETURNS BETMEEN ALTERNATVIVE

POSTHARVEST TECHNOLOGIES IN BICOL REGION, PHILIPPINES

COMPARATIVE RETURH UN TOTAL CAPLTAL

-183.309._ PERCENT

s1S

$*EXCLUDING DEPRECIATICN, INTERESF, AND INCOME TAX

ALTERNAT IVE: .
AXEAL-FLON THRESHING COMBINED WITH SUN-DRYING COMPARED WITH THE BASE CASE MHICH 1S THE TRADITIONAL SYSVEM OF THRESHING US ING
Tue £1A117STICK.MOCDEN MEINNOMERIHUNGKOY) FOR CLEANING AND DRYING PADLY UNDER THE SUM.
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A LISTING OF THE

11355302

CATA

g.v0

FOSTHARVEST TECHNOLCGIES IN BICUL REGIOM,PHILIFPINES

COHPARATIVE RETURMNS BETWEEN ALTERNATIVE

YEAR IRVESTHENT QOUTLAY B A S E C A S E A L T ERNAT I Vv E C S E
———---ALYERMAIE _ _BASE._ _LABOB__ BEPSIBS. ..__LDSS. _LADOR__ BREPAIBS. ._10SS.__ __EUEL__ PREMIUN_
0 821s. 2292. 0. 0. 0. 0. 0. 0. G. G.
1 U. 0. 7240, 115. 3246, 4961. 7193. 288, 2293%. -1625%.
2 Q. O. 7240, 115, 3246. 4961. 793, 28148, 2295. -1625.
3 0. 91. 7240, 115. 3246, 4961. 793, 2818. 2295. -1¢€2S.
4 0. G. 1240, 115, 3246, 49¢61. 7193, 268186, 2295. -1625.
] 699, 581. 7240. 115. 3246, 4961. 793. 2818, 2295. -1€25.
7 O. o, 7240, 115. 3256, 4961, 753. 2818. 2295. -16253.
8 6856. Oe 7240. 115, 324¢, 4961, 793, 2018, 2295, -1625.
9 0. 9!. 12‘0. llS- 324¢. ‘96’.- '93. 28!0. 229’. "1625.
10 699, 561. 71240, 115, 3246, 961, 793. 2818. 2295. -1625.
1n 0. 0. 1240, 115. 3246, 45941, 793, 2018. 2298, -1625.
12 0. 91. 1240, 115. 3246. 4961, 193, 2818, 2298, -1€23.
13 0. O. 7240. 115. 3246, 4961. 793, - 2018. 2295. -1625%.
14 0. 0. 7240. 115, 3246, 4961. 193, 2818, 2295, -1625.
15 699. 2292. 71240, 115. 3246. 49¢61. 7193, 2818. 2295. -1623.
16 6856, 0. 1240. 115, 324¢. 4961. 793. 20818. 229%. ~-1625.
17 0. 0. 7240, 115, 3246, 4961, 793, 20818, 2295, -1623.
10 0. 9. 1240, 115. 3246, 4961. 7193, 2818, 2295, -1625.
19 0. c. 7240, 115, 3246. 4961. 783, 2018. 2295. -1625,
20 -4]148. ~1085. O. 0. 0. Oe Oe 0. 0. O.

-0L1~



I NVESTHNENT

FEASIOBRLITY

COMPARATIVE PETURNS BETHEEMN ALTERNATIVE

POSTHARVEST TECHNOLOGIES IN BICGL REGIUN,PHILIPPINES
—-14.6063_ PERCENT

COMPARATIVE
-——BERIUL__  ___COMPABALLYE OUILAY_LPZLOGMI_J__
-NO._ IDENY. ALIEBNAIIVE _BASE_CASE DIEEERENCE
(1] 8275. 2292. 5983,
1 0. 0. V.
2 0. O. 0.
3 a. 91. -91.
4 0. 0. 0.
5 699. 581. 118.
[ 0. 9'. -91.
7 0. 0. 0.
8 6856 0. 6856.
9 o. 91. ’910
10 699, 581. 1186,
11 0. 0. 0.
12 0. 9l. -91.
13 0. 0. 2
14 0. 0. 0.
i5 899, 2292, -1593.
16 6856. 0. 6856,
17 0. 0. 0.
18 0. 9‘. "91.
19 0. 0. 0.
20 ——-=481%8ae. _._=1085._. ___z3063a_
TOTAL 19936. -5116. 14820,
INTERESY
BEB_LENI
5,000
8. 000
12.000
25.000
30.000
35.000
*3EXCLUDING DEPRECIATICN, INTEREST, AND INCCME TA

ALTERMAT IV <
POSTHARVE ST SYSTEM USING THRESHING FRAME{HAMPASAN) AND WOODEN W INNOWERUHUNGKOY) COMBINED WITH BATCH ORYING COMPARED WITH THE

RETURN ON TOTAL CAPITAL

—-COMPABAIIVE COSTss_(P/Z10ONI 1. _
BASE_CASE_ ALYEBKALIVE

0.
10604,
10501,
10601.
10601.
10601,
10601.
10601.
10601.
10601,
10601,
10601.
10601.
10601,
10601,
10601.
10601.
16601.
10601.
1060i.

201419.

COMPARATIVE
BALIO
1.402
l.251
1.089
0.745
0.657
0.586

X

DAIEEERENCE

0. 0.
9242. 1359.
9242. 1359.
9242. 1359,
9242, 1359.
9242. 1359,
9242, 13%9.
9242. 1359,
9242. 1359,
9242, 1359.
9242. 1359.
9242, 1359,
9242. 1359,
9242, 1359.
9242, 1359,
9242, 1359,
9242. 1359.
9242, 1359.
9242. 1359.
9242, 1359.
0. 0
175598, 25821.

ANALYS IS

PRESENT
VALUE

-EACILCB
1.0000
0.8721
0.76C¢
0.6633
0.57€S
0.5045
C.44C0
0.3837
0.3347
0.2919
0.2545
0.2220
0.1936
0.1688
0.1473
0.1284
0-1120
0.0977
0.0852
0.0743
0.0648

————PBESENI_NALUES. ___

-DUXLAY.
5903,
Oe.

O.
-60.
a.
60.
-40.
0o
229%.
-27.
30.
0.
-lﬂ.

PBESENI_YALUE_IN PZIDONI_

SAYINGS
16424,
13051,
10010.

5350. .
4499,
3eara.

-OUILAX
11715.
10430.

9lee.
1196.
6846,
6607.

DIEEERENLE
4709.
2621, .

822.
-1838.
-2347.
'2131.

~SAMINGS

C.
1105.
1034,

9201.
786.
666.
S98.
s21.
455,
397.
346.
302.
263,
229.
20C.
1715,
152.
133.
1i6.
101.

-TL1~

BASE CASE WHICH IS THE TRADITIONAL SYSTEM OF THRESHING USING FLAIL/STICK, WOODENWINNOWER FOR CLEANING AND ORYING PACDY UNDER THE SUN



A LISTENG OF THE CATA .

11355302 0.0

YEAR

SOV WN=O

INYESTMENT

—-ALIEGHAIE

.2319.
0.
0.
0.
0.

699.
0.
0.
O.
0.

699,
0.

O
0.
0.

UTLAY B A S E

--BASE__

2292,
0.

0.
91.
0.
581.
9l.
G.

~L4B08__

a.
7240.
7240.
1240,
7240,
1240.
7240,
1240.
7240.
7240.
7210,
1240.
1240,
T240.
1240.
1240,
1240,
7240,
1240,
1240.

0.

POSTHARVEST TECHNCLOGEES IN BICOL REGION,PHILIFPINES

CCHPARATIVE RETURNS BETWEEN ALTERNATIVE

€C A S E

REPALBS. . LOSS_
0. 0.
115, 3244,
115, 3246,
115. 324¢.
115. 3246,
115. 3246,
115. 3246,
115. 3246.
115, 3246,
115. 324¢.
115, 3246,
115. 3246.
115. 3246.
i115. 3246,
115. 3246,
115. 324¢€.
115, 3246.
115, 3246.
175. 3246,
115, 3246,
o. o.

A LT ERNATIL

-LABCRB__

0.
5678,
5678.
5678.
5678,
5678.
5678.
5678.
5678.
5678.
5678.
5678.
5670
5678,
5678,
5678.
5678.
5678.
5¢78.
5678.

C.

v E

RELALBS_ __10SS__ __EUEL__ PREHIUM

0.
il6.
116.
116.
116,
116.
116.
116.
116.
116.
116
116.
116«
116.

1560,
116.
116
1L6.
il6.
116.

O.

0.
3580.
35ea.
3580.
3580.
3580.
3500.
35840.
35680,
3580.
3580.
3580.
3580.
35a0.

35800.
3560.
3580.
3580.
3580,
3580.

0.

C A S E
0. G.
0. 0.
Q. 0.
0. 0.
C. D
0. 0.
G. a.
C. O.
0. : 0.
0. . O
Ce 0.
o. o.
0. 0.
0. 0.
0. 0.
O« 0.
C. .
0. o.
g. a.
0. 0.
O 0.

-cLi~



INVESTHMNENT FEASILIBILITY ANALYSIS
CCHPAR:/IVE RETURNS BETHWEEN ALTERNATIVE
POSTIUARVESY TECHNULOGIES IN BICOL REblUNoP"lLIPPINES

ZOMPARATIVE RETURN CN TOTAL CAPITAL ___1.206_ PERCENT

— ey o 0 e s

*4EXCLUDING DEPREC IATION, INTEREST, AND INCOHE TAX

ALTERNATIVE:

POSTHARVEST SYSTEM USING THRESHING FRAME(HAMPASAN) AND MOUDEN WINNONWER(HUNGKOY) AND SUN-DRYING COMPARED WITH TEE BASE CASE

2997.

‘ PRESENT
-——PRERICR.. . - ___LCCHPABAILVE OUILAXY_SP/LOOMI.E._ ---COFPARATIVE_COSIt®_(OZ1QOMI_§__ VALUE ----BBESENI_NALULES . ___
~N0._ 50fdX. ALYEBNALIIVE _BASE_LASE LGLEEEBENCE BASE_CASE_ ALYIERNAYIVE DIEEERENCE -EACILEB —CLILAY_ ~SA¥INGS
.0 2319. 2292, 7. . Q. 0. Q. 1.0000 27. C.
1 0. 0. 0. 10601. 9374. 1227. C.9328 0. 1145,
2 0. 0. 0. 10601. 9374. 12217. 0,087C1 0. 1066,
3 0. 91. -91. 10601. 9374. 1227, 0.3116 =13 996,
4 0. Q. (LY 10601. 91374, 12217. G.75710 O 929.
5 699. 581. 118. 1cé01. 9374. 1221. 0.7062 83. 86é6.
6 . 91. -91. 10601. 9374, 1227. 0.65¢7 -60. 8os,
7 Q. o. 0. 10601, 9374. L227. 0.6144 0. 154.
8 0. 0. 0. 10601. 9374. 1227. C.57121 0. 1023,
‘9 0. 91. -91. 10601- 9374, 12210 0053*6 —A9. 65¢.
10 699. Sol. 118, 10601, 93174, 1227. 0.4927 39. 6l12.
11 0. 0. 0. 10601, 9374, 12217. 0.46%1 0. 571.
lZ . 0. 91. "91. 1060l¢ 9374. 1227. 043329 -39, $32. .
13 0. o. o. loﬁol- 9376. 1221- o.‘c‘., 00 ‘91.
14 0. 0. 0. 10601. 42638, -32037. 0.3715 0. ~12094.
15 2319. 2292. 27. 10601. 9374, 1227. C. 3521 10. 432.
16 0. 0. Q. 10601. 9374. 1227. 0.3285 a. 403,
17 0. 0. 0. 10601. 9374, 1227. 0.30¢&4 0. 37¢.
18 Q. 91. ‘910 10601. 937" 12210 0, 20%8 —-26. 351.
19 0. 0. 0. 1c¢601. 9374, 1227. 0. 26¢£6 0. 327.
20 =188 . o =R088e. e Ba. 0 0a 0.24E7 S * PN Qs
TOTAL 4951. -5116. ~-165. 201419. 211310, -9951. -69. -69.
INTEREST CORPARATIVE PBESENI_YALUE_Xb _PZLQOMI.
EER_CENIX BALIG SAYINGS -OuILAY DIEEERENCE
5.000 22.213 -1972. -89. -1883.
8.000 -’.2[6 459. -64. 5220
12.000 -53.127 ~Z31. -52. 2273, -
25.000 ¢ 56698 3374, bl § B 3366,
30.000 *20ed ke 3217. -be 3223.
35.000 S SEE RS 2996- -2

WHICH IS THE TRADITIONAL SYSTEM CF THRESHING USTNG FLAJL/STICK,WOUDEN WINHCHER ;HUNGKOY) FOR CLEANIAG AND PADDY SUN-DRYING.

-£L1-
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-Appendix Net present values of traditonal threshing and cleaning using
Table F-l. threshing frame and winnowing basket combined with mechanical
drying, Central Luzom, Philippines, 1975-77.

Alternative Wage Rates . » Discount Rate

and Price Premiums ’ 8 ' 12 2 30 3
€ash Wage and ﬁo premium ‘ not feasible

" " " 0.5% " _ not feasible

" " "o1.02 " «2348 -2744 -3042 -3438 -3526 -3604
" " " o1.5% " 1579 377 -648 =-2157 =2450 -2678
" " no2.,02 " 17290 1286). 8927 2968 1853 1024
Wage in-kind and no premium not feasible

T 1" " not feasible

" " "o1.0% " -2342 -2740 -3038 -3436 -3525 -3602
" " " o1.5% " 7477 5063 2946 =233 -835 -1289

" " "o2,0%2 " 17296 12866 - 8931 2970 1855 1025
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' Appendii . Comparative raiios of traditional threshing and cleaning using
Table F-2. the threshing frame and winnowing basket combined with mechanical
drying, Central Luzon, Philippines, 1975-77.

Alternative Wage Rates Discount Rate

and Price Premiums 3 8 12 25 30 »
Cash wage and no.premium not feasible
" " " 0.52 " | not feasible
" " " o1.0% " 0.736 0.654  0.567 0.383 0.337 0.299
" " " o1.5%2 " 1.841 1.637 1.419 0.958 0.843 0.749
" " " 2,02 " 2.946 2.620 2.270 1.533 1.349 1.199
Wage in-kind and uno premium not feasible
" " "0.52 " not feasible
n " "1.02 " 0.736 0.655 0.568 0.383 0.337 0.300
" " "1.5%2 " 1.841 1.638 1.418 0.958 0.843 0.750

" " "2.02 " 2.946 2.620 2.271 1.533 1.349 1.199
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Appendix Net present values (P/100 MT) of traditional threshing and cleaning
Table F-3. using flail/stick and wooden winnower combined with mechanical
drying at alternative added wage rates, price premiums and rates
of interest, Bicol Region, Philippines, 1975-77.

Alternative Wage Rates Discount Rate

and Price Premiums 3 g 12 25 30 33
Cash wage: and no prerium not feasible '

" " nQggyg " not feasible

" "mo"i.0z " -10208 -9226 -8258 ~9087 -6415 - -6232

" woom1,52 " -389 -1423 -2273 -3483 -3725 -3919
" \ mom2.07 " 9430 6380 3712 -280 -1035 -1605
Wage in-kind and no premium : not feasible y

noon " o.57 " " not feasible

" " "i.0z " -10151 -9180 -8222 -6668 -6399 -6219

" " "1.5%2 " - =331 -1377 -2238 -3465  -3709 -3905

" nooom2.07 " 9488 6426 3747 -261  -1019  =-1591
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Appendix Net present values and comparative ratios in traditionmal
Table F-4. threshing and cleaning system (threshing frame and wooden
winnower) in Bicol Region, Philippines, 1975-77.

Discount Bicol Region

rate

Net Present Value Comparative Ratio
Cash Wage Wage in-kind Cash Wage Wage in-kind
(#/100 MT)

5 -1883 -1104 22.213 13.437

8 522 1141 -7.216 -16.960

12 2273 ‘ 2748 - =53.127 -64.432

25 3386 : 3640 not feasible not feasible

30 3223 ° .. 3436 " " " "

35 2997 3181 " " " "
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APPENDIX G

INPUT-OUTPUT DATA USED IN THE COMPARATIVE
RATE OF RETURN ANALYSIS BY REGION

Previous Page Blank



Appendix (3, Ianput-output data uuﬂ'h the comparative rate of retura (CRR) anslysis by region, fhﬂllppl.nl. 1975-72.

Capital investaant Purcliass Estimated [Hours Capacity per.. hour Total Operating Hours A 1 Capacity Capital Iavestment
, Price . Hife srated , (tons |.ur hour) ) g_ar year (hours/yeer) 3 (t?ll) ‘gr Annual ('chlt! .
4 (Years) 2598  Coneral Luzon -Sicol Central Luron Bicol Central luzom Bicol Cemtral luzen Bicol
Axial-Flow Threshar : 6 8 0.59% 0.715 - ‘768 624 456 446 36.18 37.00
Commarcial price . i§.500
Project pl:lc. !’750 )
Batch Dryer ‘ 8 10 0.202 0.184 900 720 182 132 21.38 21.86
Commarcial price 10,000
Project price . .8,200
Threshing Frama (hampasan) 20 5. 6 0.04 0.04 504 432 20 17 .00 1.18
Flail/Stick ’T';f 10 2 6 0.026 0.026 S04 432 1 1t 0.2 0.91
Wiooowing basket/sieve 5 2 6 0.098 0.098 soh 432 49 42 0.10 0.12
Woodea Winmower ' - 2;0 5 6 0.10 0.10 504 432 30 & 5.00 5.81

Sun drying 875 15 7 0.184 0.107 588 504 108 34 .10 16.20

- =081-
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